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Microspheres of five sizes and of three different materials were used to
estimate the safety factor in. pulmonary perfi&on scintigraphy as a function
of particle size. Particle suspensions of varying concentrations were injected
into the tail vein of unanesthetized albino CD rats and mice. The LD50 (24
hr) for rats was found to range from 154,000 to 705 particles per gram
body weight as particle diameter ranged conversely from 13.5 to 90.7 @.
The slope of the survival curves for rats showed the minimum lethal dose
(MLD) to be about 25% lower than the LD50. When extrapolated to the
clinical situation, these data yield safety factors of 1,663 to 16,630 for in
jected doses of 1 million to 100,000 microspheres 28.0@ in diameter. The
safety factor drops dramatically to 36 with an injected dose of 1 million
particles 90.7 ,-@in diameter.
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The use of particulate radiopharmaceuticals for
pulmonary perfusion scintigraphy has become an
important diagnostic technique. Since the introduc

tion of Tc-99m labeling for macroaggregates of iron
hydroxide or human serum albumin (MAA), and
for microspheres of human serum albumin (HAM),

investigators have been concerned with the retention

and possible toxicity of these particles. Both human
serum albumin and iron are present in substantial

quantities in the human body. Intravenous adminis
tration of ferric ion is known to cause idiosyncratic

reaction (flushing response) in a significant percent
age of patients, whereas ferrous ion does not elicit

this adverse side effect. Immunologic studies with
denatured MAA and HAM have shown no signifi
cant antigenic properties for these agents (1â€”3).

Taplin and MacDonald have shown that the first
signs of toxicity with MAA in dogs are an increase

in pulmonary-artery pressure and a concomitant de
crease in femoral-artery pressure. These symptoms
are directly related to the size distribution and total
number of particles injected (4) . Thus, hemody
namic and not chemical considerations are of psi
mary importance in assessing acute toxicity and
safety factors. Although it is generally accepted that
the albumin particles have a faster rate of biodegra
dation than has iron hydroxide (5,6) , clearance

should affect only the subacute and chronic toxicity
without playing a major role in acute toxicity.

There have been several different estimates of
the safety factor for injected doses of iron hydrox
ide macroaggregates (7) MAA (4,8) and HAM
(2,9,10) . In a previous paper (11 ) , toxicity was
correlated with the number of vessels of a given size
blocked by the injection of particles with a given
diameter. It was postulated that a pulmonary agent
with a diameter of approximately 13.5@ would have
a significantly improved safety factor while still ful
filling the requisite of a high first-pass extraction.

This study was undertaken to elucidate the safety
factor as a function of particle size, using acute death
rather than subacute pharmacologic or hemodynamic
alterations as the criterion for toxicity, and to verify
the greater margin of safety that exists with a particle
having a 13.Sj-@diameter.

MATERIALS AND METHODS

Particle preparation. Latex microspheres of five
diameters were used: polystyrene-DVB 13.5 Â±1.4 @z,
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polystyrene 1 5.8 Â± 5.8@ styrene-DVB 25.7 Â±

10.0 /L@45.4 Â± 8.9@ and 90.7 Â± 17.7 /L*. The par
tides were obtained in aqueous suspension (10%
solid by weight) and the number of particles per
milliliter was determined by counting an aliquot in a
hemocytometer. Styrene-DVB 90.7-s microspheres
were resuspended in 10% sucrose, and all other
sizes in saline with one or two drops of Tween-80Â®.

Carbon microspheres 15 Â±5 ,@in diametert and
human serum albumin microspheres 28 Â± 12@ in
diametert were obtained in dry form. An estimate

of the number of carbon particles in a given weight
was obtained by multiplying the volume (4@rr3/3)
by the density ( 1 3 g/cm3) , this product being the
weight in grams per individual microsphere. The
number of albumin particles per gram was assumed
to be similar to the number of 25.7-s latex particles
per gram for the preparation of a stock solution. The
carbon microspheres were suspended in 63 % sucrose
with Tween-80Â®and the albumin microspheres in
3M Rinsing and Suspending SolutionÂ®.Both sus
pensions were ultrasonicated to break up clumps.

Appropriate dilutions of all stock suspensions
were made, and the number of particles verified by
multiple hemocytometer counts. The mean diameter
and size distribution of all microspheres, when sus
pended under the conditions mentioned above, were
determined using an automated particle-diameter
measuring system having an accuracy of Â±0.1%.
This system also permitted the operator to ascertain
the absence of clumps.

Animal model, Particle suspensions from the van
ous dilutions of stock were injected into the tail vein
of unanesthetized albino CD-i Charles River mice
(both sexes, 18â€”40g) and albino CD Charles River
rats (male, 56â€”100 g) . Four to I 2 animals were
tested with each stock dilution. The mice received a
volume between 0. 15 and 0.30 ml and the rats be
tween 0.30 and 0.60 ml. The condition of the animals

was monitored for 24 hr.
Toxicity. For each particle type and size, survival

curves were plotted using regression analysis to
show the relationship between the percentage of
animals surviving and the number of particles in
jected per gram body weight. The LD50 was the num
ber of particles per gram body weight giving 50%
mortality within 24 hr. The minimum lethal dose
(MLD) was obtained by extrapolation from the
least-squares regression line to its intersection with
the abscissa.

RESULTS

Most of the mice who died did so within a few
minutes after injection of the microspheres, while
the rats generally died within 2 hr. All of the ani
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FIG. 1. Survivalcurvesfor miceand rats usinglatex micro
spheres 13.5 Â± 1.4 j.@in diameter (LD@o 96,000, r 0.98 for
mice; LD,o 154,000, r = 0.99 for rats). MLD is obtained by cx
trapolation of survival curvesto intersectwith abscissa.
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FIG. 2. Survivalcurvesfor miceusingcarbonmicrospheres15Â±51-'indiameter(LD@o73,500,r 0.98),andformiceand
rats using latex microspheres 15.8 Â± 5.8 @sin diameter (LDso
56,000, r 098, LD,,o 65,000, r = 1.00, respectively).

mals that died exhibited an acute toxic response
(tachycardia, dyspnea, dystaxia) immediately after
administration of the microspheres. Although most
animals with these Symptoms died shortly after in
jection of the particles, a small number survived for
several hours but were found dead the following
morning. Since these were considered to have suc
cumbed from the initial acute insult and not from
any chronic toxic response, they were included, and
thus lethality was expressed as LD50 (24 hr). The
results would not have been significantly different
if the LD50 (6 hr) had been used. There was no
difference in the pattern of death, or in the toxic
symptoms shown, between the biodegradable albu
miii microspheres and the nonbiodegradable latex

and carbon microspheres, which clearly indicated
that biodegradability is not an important factor in
acute death resulting from blockade of the pulmo
nary capillaries.

From the survival curves (Figs. 1â€”4) the acute
LD50 (24 hr) was determined to range in rats from
154,000 to 705 particles per gram body weight and
in mice from 96,000 to 688 particles per gram body
weight for particles with diameters 13.5â€”90.7@
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mice and rats and basing calculations on a dose of

1 million particles per 70-kg man, the clinical safety
factors were obtained for the different particle sizes
(Table 2).

DISCUSSION

The toxicity of particulate radiopharmaceuticals
and the ideal number of particles to be injected are
two aspects of pulmonary perfusion scintigraphy that
still require clarification (12â€”14) . In an earlier
paper, studies aimed at determining the clearance

rate were discussed (1 1 ) . It was pointed out that
the two approaches used in the estimation of particle
clearance ratesâ€”the multiple-sacrifice technique with
subsequent counting of the excised lungs, and the
in vivo counting of the lung field with an external
scintillation probeâ€”rely on the validity of the fol
lowing two assumptions: (a) that the activity pres
ent in the lungs at any particular time is proportional
to the number of particles lodged in the arteniolar
capillary bed; and (b) that the values obtained in
normal animals or man are unrelated to the disease
state of the lungs. These may not be valid.

This investigation was designed to explore the
hypothesis that the acute toxicity of the particles is
directly related to their size and to the number of
pulmonary blood vessels with diameters smaller than
or equal to this size. Although the composition of
the particles would be expected to influence their
clearance rate from the lungs, it would not affect
acute death in which hemodynamic considerations
predominate. Changes in toxicity would occur only
when the particles were dissimilar in size, thus
blocking pulmonary blood vessels of different diam
eters. The size of the lung capillary in mice and rats
is only slightly smaller than that in humans. Ini
tially, carbon (1 5.0 @),albumin (28.0 @Â±),and latex
microspheres of comparable sizes were used (Table
1) . Since the LD50 (24 hr) was determined to be
similar for microspheres of the same size but of
different material, latex microspheresâ€”which are
available in a range of sizesâ€”were used to obtain a
series of survival curves.

Using the average LD50 value of 28,000 particles
per gram body weight for albumin and for latex par
tides of a size comparable to MAA (25.7 .@)and
HAM (28.0 @),the clinical safety factor based on
the LD@0for the agents in current clinical use was
calculated assuming an injected dose of I million
particles pen 70-kg man as shown:

28X 103X70X 10@ _1960X 10Â° 1960
106@ 106@ -

The MLD extrapolated from the survival curves is
23,750, giving a safety factor of 1663. This mdi
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F1G.3. Survivalcurvesformiceandratsusinglatexmicro
spheres 25.7 Â± 10.0 @&in diameter (LD,o 24,000, r 0.99 for
mice; LDr,o 33,000, r 0.97, for rats), and albumin microspheres
28 Â± 12 @Â±in diameter (1D@o 25,000, r 0.94; IDso 30,000,
r 0.98, respectively).
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F1G.4. Survivalcurvesformiceandratsusinglatexmicro
spheres 45.4 Â± 8.9 ;Â±in diameter (LD,o 6,000, r 1.00 for
mice; LD@@= 7,000, r 1.00 for rats) and latex microspheres 90.7Â±17.7@Â±indiameter(LD,o= 688,r 0.99;LD,o705,r =
1.00, respectively).

(Table I , Fig. 5 ) . The LD50 values for spheres of
different chemical composition but of similar size
are almost identical: for example 30,000 and 33,000
particles per gram body weight in mice for albumin
(28.0 Â± 12.0 @)and latex (25.7 Â± 10.0 @z)spheres,
respectively. The MLD in rats was approximately
20â€”25% less than the LD50 value, whereas in mice
it was more variable. Using the average MLD for

TABLE 1. ACUTE LD50 FOR PARTICULATE
LUNG-IMAGING AGENTS IN MICE AND RATS

AS A FUNCTION OF PARTICLESIZE

Latex(polystyreneDVB)1
3.5 Â± 1.4@Â±154,00096,000Carbon15.0Â±

5.0j@â€”73,500Latex
(polystyrene)15.8 Â± 5.8@&65,00056,000Latex
(styrene DVB)25.7 Â±10.0@Â±33,00024,000Albumin

(HAM)28.0 Â±i2.0z30,00025,000Latex
(styrene DVB)45.4 Â± 8.9@Â±7,0006,000Latex
(styrene DVB)90.7 Â± 17.7 @705688

. Particles/gram body weight.
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FIG.5. Plotshowingrelationshipbetweenparticlesize(jÂ±)and
LDs@(particles per gram body weight) in mice and rats.

cates a wide margin of safety in the number of par
tides injected routinely. The safety factor for a
typical clinical dose of only 100,000 HAM particles

would be an order of magnitude higher than that
cited in Table 2. This result is in good agreement
with the data recently obtained for acute sublethal
toxicity in dogs injected with various multiples

of the typical human dose (8,12). It must be re
membered, however, that even if the data obtained
in mice, rats, and dogs can be extrapolated to human
subjects, they were obtained in normal animals. In

patients with chronic obstructive lung disease or

severely compromised cardiopulmonary function, the

safety factor could be substantially less than that in

healthy individuals, due to delayed clearance and a
decrease in the number of small pulmonary vessels
(15â€”17).

The results of this study suggest that if one fol
lows the guidelines of the FDA with respect to par
tide size and number ( â€˜@250,000per patient and

Particle size Safety factor'
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virtually all particles in the 10â€”50@ range), a very
large margin of safety will exist during pulmonary
perfusion scintigraphy.

FOOTNOTES

* Dow Chemical Co., Particle Information Service, In
dianapolis,Indiana.

t 3M Nuclear Products, St. Paul, Minn.

ACKNOWLEDGMENTS

The authors thank Alice Carmel, Georgia M. Frieswick,
and Arnold Mandelstam for their technical assistance. Geor
gia M. Frieswick was the recipient of a Summer Research
Fellowship from the MassachusettsDivision, American
Cancer Society.

This work was presented at the 24th Annual Meeting of
the Society of Nuclear Medicine, June 20â€”23, Chicago,
1977.

The work was supported in part by USPHS Diagnostic
Radiology Center Grant NIH-GM-18674.

REFERENCES

1. TAPLIN GV, JOHNSON DE, KENNADY JC, et al: Aggre
gated albumin labeled with various isotopes. In Radioactive
Pharmaceuticals, Andrews GA, Kniseley RM, Wagner HN
Jr, eds. AEC Symposium Series 6 (Division of Technical
Information USAFEC Conf-65 1111), 1966, pp 525â€”552

2. RHODES BA, ZOLLE I, BUCHANAN JW, et al: Radio
active albumin microspheres for studies of the pulmonary
circulation. Radiology 92: 1453â€”1460, 1969

3. BURDINE JA, SONNEMAK.ER RE, RYDER LA, et al: Per
fusion studies with technetium-99m human albumin micro
spheres (HAM). Radiology 95: 101â€”107,1970

4. TAPLIN GV, MACDONALD NS: Radiochemistry of mac
roaggregated albumin and newer lung scanning agents.
SeminNuclMed 1: 132â€”152, 1971

5. DAVIS MA: Long term retention and biologic fate of
â€œÂ°mTc-ironhydroxide aggregates. In Radiopharmaceuticals
and Labelled Compounds, Vol. II. Vienna, IAEA, 1973, pp
43â€”63

6. BURDINEJA, RYDERLA, SONNEMAKERRE, et al: @mTc
human albumin microspheres (HAM) for lung imaging.
iNuciMed 12:127â€”130,1971

7. BRASHEAR RE, MISHKIN FS, Ross JC : Effects of iron
(11m1n)hydroxide particles on pulmonary diffusing ca
pacity and pulmonary artery pressure. invest Radio! 4: 19â€”
23, 1969

8. ALLEN DR, NELP WB, HARTNEi-r DE, et al: Critical
assessmentof changesin the pulmonary circulation follow
ing injection of lung scanning agent (MAA). In Radio
pharmaceuticals and Labelled Compounds, Vol. II. Vienna,
IAEA, 1973,pp 37â€”42

9. MISHKINFS, BRASHEARRE: Pulmonary and systemic
blood pressure responses to large doses of albumin micro
spheres. I Nuc! Med 12: 251â€”252, 1971

10. BOLLES TF, KUBIATOWICz DO, EVANS RL, et al:
99mTclabelledalbumin (human) microspheres(15â€”30sum).
Their preparation, properties and uses. In Radiopharmaceu
ticals and Labelled Compounds, Vol. I. Vienna, IAEA,
1973,pp 151â€”167

11. DAvis MA: Particulate radiopharmaceuticals for pul
monary studies. In Radiopharmaceuticals, Subramanian 0,
Rhodes BA, Cooper JF, Sodd VJ, eds. New York, The

Ini

PARTICLESIZE I@mI

TABLE 2. CLINICAL FACTORS FOR
INTRAVENOUSLY ADMINISTERED MICROSPHERES

AS A FUNCTION OF PARTICLESIZE

13.5Â± i.4jÂ±
15.0Â± 5.0@.t
15.8 Â± 5.8,a
25.7 Â±10.0iÂ±
28.0 Â± 12.0 a
45.4Â± 8.9a
903Â± 17.7a

6283
3360
3360
1663
1663
401
36

C Based on the MID in mice and rats and an injected

dose of 1 million microspheresper 70-kg man. A typical
clinical dose of 100,000 microspheres would give safety
factors10 timesthoseshownabove.

1212 THE JOURNAL OF NUCLEAR MEDICINE



CLINICAL SCIENCES
DIAGNOSTIC NUCLEAR MEDICINE

proportion of lung vessels blocked by albumin microspheres.
I Nucl Med 14: 579â€”581,1973

15. BUSSE W, REED C, TYSON I, Ct al: Prolonged reten
tion of radioactivity following perfusion lung scan in asth
matic patients. I Nucl Med 14: 837â€”839, 1973

16. SPENCER RP: Variation in pulmonary retention of

â€œI-macroaggregatedalbumin. Thorax 27: 332â€”333,1972
17. REID L: The lung: Its growth and remodeling in

health and disease. Am I Roentgenol 129: 777â€”788, 1977

Society of Nuclear Medicine Incorporated, 1975,pp 267â€”
281

12. ALLEN DR, FERENS JM, CHENEY FW, et al: Critical
evaluation of acute cardiopulmonary toxicity of micro
spheres.I Nucl Med: in press

13. HECK LL, DULEY JW JR: Statistical considerations in

lung imaging with â€œmTcalbumin particles. Radiology 113:
675â€”679,1974

14. HARDING LK, HORSFIELD K, SINGHAL 55, et al : The

March 16-18, 1979 St. Anthony Hotel San Antonio, Texas

ANNOUNCEMENT AND CALLFOR ABSTRACTS

The Scientific Program Committee of the Southwestern Chapter of the Society of Nuclear Medicine solicits the
submission of abstracts from members and nonmembers of the Society of Nuclear Medicine for the 24th
Annual Meeeting to be held March 16-18, 1979 in San Antonio, Texas. The program will include submitted
papers, invited speakers, and teaching sessions relevant to current topics in nuclear medicine.

Accepted abstracts will be published and should not exceed 300 words.

The title, authors, and institutional affiliations should also be included at the top of this page. The name of the
author presenting the paper must be underlined. Abstracts should contain a statement of purpose, the
methods used, results, and conclusions.

Original abstracts and four copies should be sent to:

Paul H. Murphy, Ph.D
Department of Nuclear Medicine
St. Luke's Episcopal Hospital
6720 Bertner
Houston, TX 77030

The program will be approved for credit toward the AMA Physician's Recognition Award under Continuing
Medical Education, Category 1, through the Society of Nuclear Medicine.

For further information concerning the program, write or telephone (713-521-2272) the Program Chairman
listed above.

ABSTRACTSMUST BE RECEIVEDBY DECEMBER15, 1978

1213Volume 19, Number 11

SOUTHWESTERNCHAPTER
SOCIETYOF NUCLEARMEDICINE

24TH ANNUALMEETING




