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A dog model was developed for testing the
effect of intravenous injection of stannous mac-
roaggregated albumin particles (Sn-MAA).
Throughout the study the most sensitive and
conveniently measured indicator of acute par-
ticle toxicity was an immediate elevation in mean
pulmonary artery pressure. In the studies of
normal dogs it was possible to construct a dose-
response curve of toxicity relating increase in
mean pulmonary artery pressure to the number
of 30-micron Sn-MAA particles injected as a
single bolus. The dose-response curve indicated
the first sign of acute toxicity occurred when ap-
proximately 100 times the usual lung scan dose
(LSD) was given. A safety factor of 100 in hu-
mans for this product was derived by relating
the number of particles injected to body weight.
In additional studies in dogs with experimental
pulmonary hypertension there was no signifi-
cant effect noted after the single injection of
1 X 10° particles, which is the equivalent of
three human lung scan doses of particles.

A number of radiopharmaceutical developments
have made lung perfusion imaging with particles
labeled with =Tc available to many nuclear medi-
cine laboratories (I-11). In 1972 Subramanian and
coworkers presented a modified preparation of MAA
using stannous chloride which could be stored in
kit form and instantly and completely labeled with
9mTc by the addition of pertechnetate (12,13). Be-
cause of the stability of the kit and the simplicity of
labeling, the product was studied in our laboratories
for its overall suitability for clinical studies. As part
of the product evaluation, acute cardiopulmonary
toxicity studies were performed using a comprehen-
sive dog model. This type of evaluation appeared
desirable because very few detailed studies of MAA
toxicity have been published since those of 3! I-MAA
by Taplin and associates in 1966 (14).
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The purpose of this report is to present the dog
model used for these studies and report the results
of the acute toxicity of the Sn-MAA particles in nor-
mal dogs and in those with pulmonary hypertension.

METHODS

Particles of human serum albumin were prepared
by adding 25 mg of human serum albumin (25%
Hyland salt poor), 100 mg of sodium acetate, and
20 mg of SnCl, in 1 N HCI to a 50-ml serum vial
containing a Teflon stir bar. The final pH of the

-solution was adjusted to 5.5 by adding 1 N HCl or

1 N NaOH and then brought to a volume of 25 ml
by the addition of sterile pyrogen-free water. The
reaction mixture was stirred rapidly (magnetic)
while heating at 80°C to produce the macroaggre-
gated particles. The sodium acetate buffer was re-
moved by terminal saline wash of the particles after
which the particles were resuspended in saline. All
procedures were carried out asceptically using sterile
and pyrogen-free materials (13).

When the particle size reached 30-50 microns,
aggregation was stopped by immersing the reaction
vessel in cold water. If particle size exceeded the
30-50 micron range, the size could be reduced by
forcing the mixture through an aperture. This could
be done by placing the aggregate mixture in a 50-cc
syringe and attaching it to a Harvard infusion pump
which emptied the contents through a 26-gage needle
at a rate of 38 ml/min. For these experiments the
mean particle size was maintained at 30 microns, a
particle size commonly used for human lung per-
fusion studies.

The numbers of particles injected in these experi-
ments were standardized in terms of lung scan dose
equivalents. A lung scan dose (LSD) of particles
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was established as 14,000 particles/kg body weight.
This number is equal to approximately 1 X 10°
particles for a 70-kg man. Each 1 million particles
contained approximately 1.0 mg human serum al-
bumin, 0.004 mg of stannous chloride, and 1.0 ml
of normal saline solution.

Particles prepared in this manner can be instantly
labeled with =Tc by adding 1.0—4.0 ml of **»TcO,
pertechnetate in saline to an aliquot of 1 million
particles suspended in normal saline solution con-
tained in a multidose vial. In these studies, labeled
aliquots showed 97-99% labeling efficiency as de-
termined by ascending paper chromatog aphy (95%
methanol:5% water). To ascertain that the parti-
cles were trapped in the lung vasculature bed, dis-
tribution studies of labeled aliquots were carried out
in mice and rabbits. Following intravenous injection
of the labeled material, generally greater than 95%
of the dose was immediately recovered in the lungs.
In the dog studies reported herein, unlabeled par-
ticles were used.

~ For the particle toxicity studies 11 dogs (15-25
kg) were used. The animals were maintained on light
pentobarbital anesthesia and mechanically ventilated
with room air by a Harvard animal respirator. Poly-
ethylene catheters were inserted in the femoral artery
and vein and a balloon-tipped Swan Gantz catheter
passed through an external jugular vein into the pul-
monary artery. These catheters were used for pres-
sure measurements, particle injections (femoral
vein), cardiac output measurements, and for ar-
terial and mixed venous blood sampling.

The pulmonary and femoral arterial catheters
were interfaced to a Beckmann Type R Dynograph
with Strathem pressure transducers for continuous
pressure recording. Expired air and blood gas values
were determined periodically with a Laboratory In-
strument, Inc. Model 113 gas analyzer and a Model
182 Co-Oximeter. Cardiac output was measured
within 2 min after particle injections using indo-
cynine green dye with a Gilford Model 103 Cuvette
Densitometer recorded with a Varian Instruments
Model G-2000 strip chart recorder.

Measurements that were used directly or calcu-
lated are included in Table 1.

RESULTS

The effect of injecting large numbers of particles
in the normal dog is illustrated in Fig. 1. In this
graph changes are shown in PaP, Ap, and PyR. The
number of particles injected is recorded in terms of
LSDs as standardized on a weight basis (horizontal
axis).

As seen in Fig. 1, an initial injection of 750 LSDs

568

TABLE 1. MEASUREMENTS READ OR CALCULATED

1. PaP—mean pulmonary artery pressure; cm H:O
2. PaW—pulmonary artery wedge pressure; cm H:O
3. Ap—mean arterial pressure; mmHg

4. PaOs—partial arterial oxygen tension; mmHg

5. PaCOs—partial arterial carbon dioxide tension; mmHg
6. Q.—cardiac output; liters/min

7. EKG—electrocardiogram

8. PsOs—alveolar oxygen tension; mmHg

9. PACOsr—alveolar carbon dioxide tension; mmHg
10. Vd/Vt—deadspace-to-tidal ratio
11. SyR—systemic vascular resistance; dyn sec cm™
12. PyR—pulmonary vascular resistance; dyn sec cm™
13. AP—airway pressure; cm H:O
14. HR—heart rate

15. Q./Q.—right-to-left puimonary shunt; %
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FIG. 1. An initial injection of 750 LSDs producod marked ele-
vation in PaP and PvR. Arterial pressure r d unchanged. PaP
and PyR returned to baseline values within 45 min. Multiple injec-
tions of particles over 4 min (starting at 200 min) produced dramatic
and stepwise increases in PaP and PyR. Rapid fall in AP was noted.
This ordinarily signaled impending death of animal.

(20 sec) caused a prompt and sustained elevation
in PaP and PyR. The change in PyR is determined
according to the relationship

PaP-PaW X 80

Q.

In this instance no change in Q. (cardiac output) or
PaW occurred. There were also no changes in any
of the other variables measured. After 200 min the
dog in Fig. 1 was subjected to a separate series of
rapid incremental injections of particles. One can
see with each injection the stepwise increase in PaP
and PyR. After six increments of particles were
injected, a progressive decrease in the mean arterial
pressure occurred. At this stage of the experiments,
the animal was severely insulted and there was a pro-

PvR =
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TABLE 2. CHANGES IN VARIOUS PARAMETERS MEASURED IN CONJUNCTION WITH EXPERIMENT IN FIG. 1
Cumulative LSDs 1] 3.5 750 750 750 754 1,450
Timet 0 80 85 140 170 200 204
Q. 4.05 3.87 3.58 333 3.38 2.99 3.08
Q./Q: 70 9.0 9.0 40 6.0 4.0 23.0
PaO; 88.5 83.0 74.0 80.0 63.6 80.0 50.0
PaCO; 35.0 35.5 350 335 33.0 29.0 327
Bp 166.0 178.0 1750 169.8 168.2 174.8 91.5
HR 145.0 150.0 140.0 150.0 1400 140.0 140.0
PaP 156 17.0 38.0 27.6 233 20.3 95.9
PaW 3.0 35 2.0 3.0 3.0 4.0 0
PvR 250.1 279.0 804.4 583.0 473.0 4350 2,490.0
vd/Vt 0.43 0.51 0.43 0.47 0.46 0.36 0.36

* (1 LSD = 14 X 10° particles/kg).

1 Time course measured in minutes after first injection of Sn-MAA.

gressive drop in systemic blood pressure (AP). At
this stage there was also a decrease in PaO; and an
increase in Q,/Q.. It was of interest that significant
changes in other measured variables were not ob-
served until the animal was near death at the end
of the experiment (Table 2).

The effects of injecting smaller numbers of par-
ticles in normal dogs are shown in Fig. 2. In this in-
stance effects were limited to changes in PaP and
PyR. An initial injection of 125 LSDs produced a
small elevation in PaP which returned to nearly base-
line readings after 30 min but remained slightly ele-
vated for the remainder of the experiment. A slight
elevation in PyR was also noted that followed closely
the changes in PaP. After 30 min repeated bolus
injections of 125 LSDs produced similar results.
Throughout this type of experiment it was clear that
an elevation in the PaP proved to be the most easily
measured and consistently most sensitive indicator of
toxic effect of particle injection.

From the variety of studies performed in the 11
normal animals it was possible to derive a dose-re-
sponse curve using a definite elevation in PaP as the
most sensitive indicator of toxicity. The results of
this analysis are seen in Fig. 3. As seen in Fig. 3, no
changes were observed when up to 60 LSDs were
given as a single injection (20 sec). The first evi-
dence of MAA toxicity occurred when single injec-
tions of 100-125 LSDs were given. Beyond this dose
larger numbers of particles tended to produce con-
sistent and progressively larger elevations in PaP, up
to 300% greater than the baseline normal value.
From this type of dose-response curve one could
conclude that the toxic response would be expected
when 100 or more LSDs were injected as a single
bolus. In man this could be equated to approximately
100 million 30-micron-sized particles.

An additional consideration and perhaps more
important one was to evaluate the effect of single
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FIG. 2. Effect of repeated injections of 125 LSDs in same ani-
mal. Each injection produced immediate elevation in PaP. In min-
utes following injection, the PaP returned toward baseline value
but never returned to normal. A slight increase in PyR is also noted
during course of experiment. AP remained normal during course
of experiment.
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FIG. 3. Curve indicotes that single injections of 30-50u MAA
particles would not be expected to increase PaP until more than
100 LSDs are injected. Injections of 300 or more LSDs routinely
produced sustained elevations in PaP.

569



ALLEN, NELP, CHENEY, AND HARTNETT

EFFECT OF LSD IN PULMONARY HYPERTENSION-MAA
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FIG. 4. When single injection of scanning dose of particles
was injected into animal with various degrees of pulmonary hyper-
tension (horizontal axis), no further increase in PaP was noted

pt in one I. In this instance PaP was three times normal
and additional injection of LSD caused further 14% increase in
PaP.

human lung scan doses of MAA in the abnormal
state. This effect was evaluated in animals who had
sustained pulmonary hypertension by virtue of pre-
vious injection of macroaggregates. After pulmonary
hypertension was produced, an additional single dose
of 1 million particles was given. On the basis of body
weight this was equivalent to giving approximately
three human diagnostic lung scan doses of particles
to the dog. As seen in Fig. 4 this maneuver generally
produced no further increase in PaP even in those
animals with severe pulmonary hypertension. One
exception was an animal near death with severe pul-
monary hypertension (last point on right of Fig. 4)
when the injection of a LSD resulted in an additional
10% elevation in PaP.

DISCUSSION

Throughout these experiments it was evident that
the most sensitive and easily measured toxic response
to the bolus injection of MAA in the normal dog was
an immediate elevation in the PaP. Changes in pul-
monary vascular resistance were also observed as
might be expected; however, continuous monitoring
of cardiac output would be required to establish the
immediate change in the resistance. Once pulmonary
artery pressure and vascular resistance were elevated,
they tended to return to the baseline level but for the
periods of observations in these studies the previous
baseline levels were generally not reached. With the
larger doses of MAA, the elevation in the PaP was
more sustained. This model also demonstrated that
changes in the other variables such as cardiac output,
arterial pressure, or dead-space-to-tidal volume ratio
(Vd/Vt) were not seen until a severe particle
insult occurred such as is seen in Fig,. 1.

By combining the series of observations it was
possible to derive a dose-response curve in the nor-
mal animal relating an elevation in PaP to the num-
ber of MAA particles given as a single 20-sec bolus
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injection. This relationship, seen in Fig. 3, indicates
that the first toxic effect was experienced when 100—
125 LSDs were given as a single injection. With
larger doses there was a progressive accentuation
of the effect. Using this data it may be possible to
translate this into the concept of a safety margin,
i.e., the ratio of the minimum toxic dose of particles
to the usual diagnostic dose. Using the dog model
and adjusting the relative LSD to a weight basis (14
X 10? particles/kg body weight) would indicate a
“safety” factor of 100-125; that is, 100 lung scan
doses of MAA would need to be given as a single
bolus to produce the first measurable abnormal ef-
fect on the cardiopulmonary circulation.

This level of toxicity is considerably more than
that reported by Taplin and associates where a safety
factor of approximately 1,000 was suggested for
MAA (I14). The reasons for this difference could
be due to a basic difference in the particle. In his
studies MAA particles were of similar size, appear-
ance, and protein content but were prepared without
SnCl; as in this case. Alternately, the dog model used
here may be more sensitive to detecting the effects
of particle insult.

The dose-response curve in Fig. 3 is based on ad-
ministration of the particles as a single bolus (20 sec
injection). It is clear that a very slow rate of injec-
tion or an intermittent injection of a large number
of particles as seen in Fig. 2 will greatly reduce the
resulting elevation in PaP. For example, in the ex-
periment diagrammed in Fig. 2, 370 LSDs given over
180 min eventually elevated the PaP to 40-50%
above the normal baseline. On the other hand, a
similar amount given as a single bolus (Fig. 3) pro-
duced an immediate 300% increase in PaP. This
phenomenon is similar to that reported by Rhodes
and associates in studies of albumin microspheres
(15).

Another aspect and perhaps more meaningful one
regarding the toxicity of lung scanning agents is what
is the effect of the single lung scan dose in abnormal
patients such as one with pulmonary emboli? In these
patients cardiopulmonary reserve is reduced and pul-
monary hypertension may be present. This cannot
be determined easily in a clinical setting but was
examined in these studies by observing the effect of
small doses of MAA in dogs with pulmonary hyper-
tension (Fig. 4). In this case the equivalent of three
additional LSDs (single bolus) showed little or no
elevation of PaP or other parameters. Although the
experimental situation is not an ideal comparison,
one would infer that the single dose of MAA in-
jected in the presence of significant pulmonary hyper-
tension would not be expected to produce further
abnormal change.
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