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ABSTRACT. Premature rabbits delivered by cesarean sec-
tion at 28 d of gestation were each given intratracheally 75
mg/kg of a radiolabeled preparation of either natural rabbit
surfactant, natural calf surfactant, or surfactant-TA. Each
newborn rabbit was ventilated for up to 6 h in a ventilator-
plethysmograph with individual adjustments of peak in-
spiratory pressures to attain tidal vol of 12-15 mL/kg body
wt. Dynamic compliances were about 0.7-0.9 mL/cm H,O .
kg after treatment with the three surfactants and did not
deteriorate during the 6-h study. Rabbits were randomly
studied at 0.5, 1.5, 3, 4.5, and 6 h of age for the recovery
of the labeled surfactant phosphatidylcholine in the total
Iungs (alveolar wash plus postlavage lung tissue). The
labeled phosphatidylcholine was cleared from the total
lungs of rabbits treated with natural rabbit or calf surfac-
tants at comparable rates of about 25%/6 h. In contrast,
the clearance rate of surfactant-TA phosphatidylcholine
from the total lungs was not significantly different from 0.
Lipids from rabbit surfactant that had been administered
intratracheally were only minimally present in the blood
and liver. In other similarly treated rabbits, the lipids from
radiolabeled rabbit surfactant and liposomes of dipalmi-
toylphosphatidylcholine that had been injected intrave-
nously were recovered in blood and liver in substantial
quantities. These studies documented significant losses of
rabbit and calf surfactant phosphatidylcholine but not sur-
factant-TA phosphatidylcholine from the Iungs of preterm
ventilated rabbits. The losses were not explained by sur-
factant losses to the vascular compartment. (Pediatr Res
25:423-428, 1989)

Abbreviations

SP, surfactant-associated protein
DPC, dipalmitoylphophatidylcholine

Surfactant replacement therapy decreases the incidence and
initial severity of respiratory distress syndrome in preterm infants
(1-3). However, the clearance of exogenously administered sur-
factants has been studied primarily in healthy spontaneously
breathing fullterm or adult animals (4-8). Preterm animals with
respiratory distress syndrome requiring positive-pressure venti-
lation may not have the same low rates of surfactant clearance
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and high rates of reutilization as healthy fullterm animals. Studies
in adult rabbits suggest that enzymatic breakdown of phospha-
tidylcholine within the lung itself is the primary mechanism for
surfactant phosphatidylcholine catabolism (4), and mechanical
ventilation in preterm animals could change the regulation of
this catabolism. In addition, preterm rabbits on positive-pressure
mechanical ventilation were shown to have increased protein
leaks into and out of the lungs (9) and could have increased
leakage and subsequent vascular clearance of surfactant phos-
pholipid components. Surfactant apoproteins may be lost to the
vascular space and/or lymphatic compartments as preterm in-
fants with severe respiratory distress syndrome transiently devel-
oped surfactant-antisurfactant immune complexes in the plasma
following mechanical ventilation (10).

Although surfactant clearance was studied in animals given
“natural” surfactants prepared from unextracted lung lavages,
surfactant replacement therapy was evaluated primarily in in-
fants given lipid extracts of animal surfactants or unextracted
surfactant from human amniotic fluid (11-15). Lipid extraction
resulted in the protein contents of the “modified natural” surfac-
tants being reduced from 5-10% to 1% with essentially complete
removal of contaminating serum proteins and the large mol wt
surfactant-associated protein, SP-A (16, 17). The low mol wt
lipophilic surfactant-associated proteins were still present in all
three preparations. Surfactant-TA, which has also been used
clinically (3), has a different lipid composition from natural
surfactants as it has been enriched with DPC, palmitic acid, and
tripalmitin while having cholesterol and other lipids partially
removed. The sizes and structures of the lipoprotein aggregates
could also affect both overall clearance of phospholipids as well
as any vascular component of that clearance.

We found that we could ventilate 28-d preterm rabbits for up
to 6 h and asked if the clearance of “natural” surfactants would
differ significantly from that found previously in spontaneously
breathing 3-d-old rabbits (5-7). We compared clearance of sur-
factant-TA, a “modified natural” surfactant that has been used
widely for surfactant replacement in clinical trials, with the
clearance of natural surfactant, and we measured the appearance
of surfactant lipids in other organs after both intratracheal and
intravenous administration.

MATERIALS AND METHODS

Surfactant preparations. Radiolabeled [*H]choline natural rab-
bit surfactant was made by injecting 3-d-old rabbits intratra-
cheally with 0.5 mCi [*H]choline and recovering the rabbit
surfactant 20 h later by alveolar wash with 0.9% saline (18). The
[*H]choline was synthesized from [*H]methyl iodide and unla-
beled phosphatidyldimethylethanolamine by the method of Stof-
fel et al. (19). The large surface-active surfactant aggregates were
isolated by centrifugation of the alveolar wash at 8000 X g for
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30 min at 4°C over 0.7-M sucrose to remove cellular debris. The
large aggregates recovered at the interface were then pelleted at
40 000 X g and resuspended in 0.9% saline for later use. Radio-
jabeled **P natural rabbit surfactant was made in a similar
manner by injecting 3-d-old rabbits intratracheally with 0.5 mCi
{*PJorthophosphate. In this case, the large aggregates of rabbit
surfactant recovered from alveolar wash 20 h later were resus-
pended three times in unlabeled phosphate buffer and pelleted
at 40 000 X g to remove any reinaining **P-labeled free phosphate
which would be cleared from the lungs differently than *’P-
labeled phosphatidylcholine. Unlabeled natural rabbit surfactant
was obtained similarly from the pooled lung lavages of healthy
adult rabbits (18). The large surfactant aggregates isolated in this
manner were highly surface active in vitro and effective when
used for treatment of prematurely delivered animals with respi-
ratory failure (20). The surface pressure characteristics and ad-
sorption time of this preparation has been described previously
(21). This preparation also contained the majority of all three
surfactant-associated proteins (SP-A, SP-B, and SP-C) which
preferentially sediment with large aggregate fractions (22). La-
beled rabbit surfactant was mixed with unlabeled rabbit surfac-
tant to the desired sp act before tracheal instillation.

Natural calf surfactant was similarly recovered from pooled
lung lavages of - to 3-d-old calf lungs. This crude calf surfactant
that contains 3-4% protein by wt was radiolabeled by mixing
the unlabeled natural surfactant with a suspension of liposomes
made with [*H]choline labeled DPC (23). The mixture was
centrifuged at 27 000 X g for 15 min, and the pellet was diluted
with 0.45% NaCl to obtain a final concentration of 25 mg total
lipid/mL. Liposomes associated with natural surfactant large
aggregates were shown previously to have the same clearance
kinetics as natural surfactant from 3-d-old rabbit lungs (7, 23).
A free suspension of liposomes made with [*H]choline-labeled
DPC was used for intravenous injection in the intravascular
protocol. On electron micrographs, liposomes made in this man-
ner were flat disks with an average diameter of 0.05 um (range,
0.03-0.09 um) (23).

Surfactant-TA was prepared by Ross Laboratories following
the procedure of Tanaka et al. (24) and stored frozen at —20°C
as a lipid suspension containing 25 mg total lipid/mL. A com-
parable preparation had in vitro surface properties similar to
those of natural surfactants (21). This preparation contained
about 1% of SP-B and SP-C on a wt-to-wt basis and no significant
SP-A as described by Taeusch et al. (25). Radiolabeled surfactant-
TA was prepared in the same manner by the separate addition
of [*H]1-palmitoyl-labeled DPC or ['*C]choline-labeled DPC
{New England Nuclear, Boston, MA) to the calf lung extracts
during routine preparation. These labeled surfactants were then
formulated into a separate water-based lipid suspension contain-
ing 25 mg surfactant lipid/mL and either 25 xCi [PH]DPC/mL
or 5 uCi ["*CIDPC/mL. The labeled preparations of surfactant-
TA were added to the unlabeled preparation to achieve the
desired specific activities.

Delivery, ventilation, and lung processing. Pregnant New Zea-
land White rabbit does at 28 d of gestation were lightly anesthe-
tized with intravenous pentobarbital and given supplemental
oxygen by face mask. Local anesthesia with 1% lidocaine was
given in the abdominal wall followed by exposure of the uterus
and sequential delivery of the rabbit fetuses. Each newborn was
then weighed, tracheostomized with a tube made from an 18-
gauge needle, and injected intratracheally with 120 uL of labeled
rabbit surfactant, labeled calf surfactant, or labeled surfactant-
TA. At a concentration of 25 mg of total lipid/mL, this was the
equivalent of approximately 75 mg of surfactant lipid/kg body
wt. The concentration and dose were chosen to approximate the
preparations used in current clinical trials and to be optimal
doses based on dose-response curves for exogenous surfactant in
preterm rabbits (26). The randomly assigned suspension was
administered after lightly compressing the chest until tracheal
fluid completely filled the endotracheal tube. Several breaths of
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100% oxygen were given via an anesthesia bag immediately after
the surfactant injection, and by 3 min of age, each rabbit was
transferred to the temperature-controlled ventilator-plethysmo-
graph system (9). A time-cycled pressure-limited infant ventilator
was used to drive each set of 10 ventilator circuits. Each rabbit
was then continuously ventilated with 100% oxygen at a rate of
40 breaths/min with an inspiratory time of 0.7 s and no positive
end expiratory pressure. Peak inspiratory pressure was regulated
individually every 20-30 min via a series of water columns to
achieve a tidal vol of 12-15 mL/kg body wt, as measured with a
pneumotachometer. This amount of ventilation was found to
result in stable compliances and normal Pco, values at the time
of sacrifice. Dynamic compliance measurements were calculated
by dividing tidal vol/kg body wt by peak inspiratory pressure.
During the course of ventilation, each rabbit was given 0.5 mL
of 5% dextrose in water by intraperitoneal injection every 2 h,
starting at 0.5 h of age, to prevent the hypoglycemia that other-
wise occurred. After ventilation, the rabbits were killed at 0.5,
1.5, 3, 4.5, or 6 h, with terminal blood samples drawn from the
hearts for blood gas analysis.

The lungs of each rabbit were then washed with 0.9% NaCl
via the endotracheal tube. Five aliquots of sufficient saline to
distend the lungs (2-3 mL) were washed in and out of the lungs
three times each and then pooled before storage at —20°C for
further analysis. The lungs were removed, weighed, and homog-
enized in 4 mL of water. Lipids from aliquots of the alveolar
washes and lung homogenates as well as from duplicate samples
of the intratracheal injection solutions were extracted with chlo-
roform:methanol (2:1) and dried under N, at 50°C (27).

Duplicate spots of phosphatidylcholine were isolated by one-
dimensional thin-layer chromatography on silica gel H plates
using chloroform:methanol:acetic acid:water (65:25:8:4, vol/vol)
as the solvent. One of the two phosphatidylcholine spots was
used for phosphorus assay, according to the method of Bartlett
(28), and the other phosphatidylcholine spot was used to deter-
mine radioactivity by liquid scintillation counting with Aquasol
II (New England Nuclear).

Intravascular phosphatidylcholine injection. A total of twenty
rabbit fetuses at 28 d of gestation were sequentially delivered by
cesarean section, tracheostomized, and given 75 mg/kg surfac-
tant lipid intratracheally in the form of natural rabbit surfactant,
as in the previous protocol. Fifteen of these rabbits were then
injected via the external jugular vein with trace doses of **P-
labeled rabbit surfactant and [*H]DPC liposomes, respectively,
at | and 6 min after the onset of mechanical ventilation. The 1-
min intravenous injection consisted of 0.1 mg and 2 uCi of *?P-
labeled large aggregate rabbit surfactant suspended in normal
saline; the 6-min injection consisted of 0.1 mg and 10 uCi of the
free suspension of [PH]DPC liposomes in normal saline. The
injections were given separately to prevent the association of the
liposomes with the large aggregate rabbit surfactant (23). These
rabbits were randomly assigned to receive either 10 min, 1 h, or
6 h of mechanical ventilation in the manner previously described.
The remaining five rabbits served as controls and were not
injected intravenously. In these rabbits, the intratracheal rabbit
surfactant was labeled with 0.5 xCi of **P-labeled rabbit surfac-
tant, and they were mechanically ventilated for 6 h.

When the animals were killed, 0.5-1.0 mL of blood was drawn
from the heart of each rabbit for a terminal blood gas and for a
measurement of radioactivity. The lungs and livers of all the
rabbits were removed, weighed, and homogenized in 4 mL of
water. After organ removal, the fetal carcasses were homogenized
in 100 mL of water, and aliquots were taken for recovery of
radioactivity. Aliquots of liver, carcasses, lung, and hemolyzed
blood as well as duplicate samples of the intratracheal and
intravenous injection solutions were extracted with chloro-
form:methanol (2:1) and dried under N, at 50°C in scintillation
vials to determine total lipid radioactivity by liquid scintillation
counting. Total recovery of radioactivity in blood was calculated
assuming a blood vol of 100 mL/kg.
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Data analysis. Rabbits were excluded from analysis for ter-
minal pH values < 7.10 and/or pco, values > 60 mm Hg. Results
are reported as group means = SEM unless otherwise indicated.
The rates of clearance of the different surfactants were calculated
from the slopes of the linear regression curves of the recovery
percentages. The amount present in the lung at 0 time was
calculated for each group of rabbits from the y-intercept value of
the linear regression line for the recovery of radiolabeled phos-
phatidylcholine in the total lung (alveolar wash + lung homoge-
nate) versus time. The O intercept values thus calculated were
85-95% of the quantities injected, as estimated by measurements
of the injection solutions. Differences between groups were tested
by ANOVA followed by the Student Newman-Keuls multiple
comparison procedure.

RESULTS

Description of animals. Of the preterm rabbits, 60% satisfied
the pH and Pco, exclusion criteria and were included in the
results. The numbers of rabbits analyzed at the various times for
each of the three intratracheal surfactant treatments are shown
in Table 1. In addition, the mean body wt and the mean tidal
vol are given. There were no major differences in the clinical
variables of peak inspiratory pressure, Pco,, pH, or dynamic
compliance either between surfactant preparations or over time
(Fig. 1).

Lung clearance of surfactant phosphatidylcholine. Recovery
curves for labeled rabbit surfactant phosphatidylcholine were
linearly regressed for the alveolar washes and total lungs (alveolar
wash + lung homogenate) (Fig. 24). By 6 h, there was 25% loss
of the labeled phosphatidylcholine from the total lung. The
clearance from the airway-alveolar pool was initially very rapid,
with 30% of the intratracheally administered treatment dose
being lung associated by 0.5 h. After this initial rapid redistri-
bution, there was an airway-alveolar clearance of 6.5% of the
remaining phosphatidylcholine/h as estimated by linear regres-
sion. By 3-4 h on the regression line 50% of the labeled phos-
phatidylcholine that was recovered had become lung associated.
The total airway-alveolar phosphatidylcholine pools as measured
by phosphorus analysis had similar clearances (data not shown).

The linearly regressed clearance curves for natural calf surfac-
tant phosphatidylcholine were virtually identical to those of the
natural rabbit surfactant (Fig. 2B). The clearances at 6 h esti-
mated from the regression lines were 27% from the total lungs
and 61% from the airway-alveolar pool. The calf surfactant was
also 50% lung associated by 3-4 h.

Table 1. Study animals

Time
animals
were killed Mean body wt Mean tidal vol
(h) n (g) (mL/kg)
Rabbit surfactant 0.5 7 35+1 124 +£0.3
1.5 8 36+ 2 13.2+0.6
3.0 6 3242 11.8+04
4.5 6 34+ 1 11.7+0.5
6.0 7 3342 129+ 0.3
Calf surfactant 0.5 7 20+2 15.0+0.9
1.5 7 33+3 150+ 0.6
3.0 5 32%2 13.8+04
4.5 6 31+3 13.8+04
6.0 7 37+3 13.3+0.2
Surfactant-TA 0.5 6 372 13.7+ 0.7
1.5 8 34+2 128 +0.5
3.0 7 36 +2 12.6 £ 0.5
4.5 8 36 +3 11.9+03
6.0 9 39 + 1 12.6 £ 0.2
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Fig. 1. Peak inspiratory pressure (PIP), Pco,, pH, and dynamic com-
pliance values for rabbits receiving treatment doses of the three different
surfactants. The points in all graphs here and in Figure 2 represent the
group mean values and SEM. There were no significant differences
between the compliances of the rabbits receiving the three different
surfactant preparations, and therc was no deterioration in compliance
values with increased time of ventilation.

Surprisingly, the clearance curves for choline-labeled phospha-
tidylcholine in surfactant-TA were quite different from those for
the other surfactants (Fig. 2C). There was essentially no clearance
from the total lung over the 6-h experiment, and the clearance
at 6 h from the airway-alveolar pool was only 45%. When the
phosphatidylcholine was labeled in the 1-palmitoyl residue, the
results were essentially the same as when it was labeled in the
choline moiety, as shown by the constant ratio in the recovered
counts over the 6-h experiment (Fig. 2D).

Vascular and organ recovery of intravenous and intratracheal
lipids. Lipids from **P-labeled large aggregate rabbit surfactant
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Fig. 2. The 6-h recovery curves for [*H]choline-labeled rabbit surfactant, 4; [*H]choline-labeled calf surfactant, B; and ['*C]choline-labeled
surfactant-TA, C. Results are shown for both alveolar wash (AW) and total lung (AW + L) for rabbits killed at the indicated times. The group mean
values are regressed and normalized to 100% recovery in the total lung at O time. D, the group mean ratios are shown for the normalized regressed
recoveries of [*H]palmitoyl-labeled surfactant-TA compared to those for ["*C]choline-labeled surfactant-TA.

Table 2. Percentage of recovery of labeled lipid given intravenously as **P rabbit surfactant and liposomes of [PHJDPC* and
percentage of recovery of **P rabbit surfactant lipid lost from lungs in 6 h after intratracheal administration

% recovery (group mean + SD)

“"me animal was killed Livert Lungst Blood Carcasst Total

3P 1 3bit surfactant and
*HIDPC given intra-

venously
10 min
2p 73.6 3.5 12.5 19.7 100
+16.8 +1.1 +3.7 +7.4 +12
‘H 50.4 5.3 37.9 36.7 100
+14.8 +0.4 +8.4 +8.2 +9.2
1 hr
2p 69.3 2.7 11.0 20.8 94.6
+5.8 +1.3 +4.0 +10.1 +14.4
*H 30.9 5.1 37.5 439 86.1
+1.8 +0.8 +5.7 +2.5 +2.2
6 hr
2p 46.7 1.8 4.3 1.5 61.4
+28.5 +0.3 +1.4 +5.8 +234
*H 32.2 5.1 1.9 35.7 76.0
+8.8 +0.8 +0.8 +4.] +3.9
32P rabbit surfactant given in-
tratracheally
6 hr 0.71 0.12 5.4 6.1
+0.27 +0.04 +2.7 +3.3

* Recoverics were normalized to a total recovery of 100% at 10 min.
t The percentage of recoveries of radiolabel reported for lungs, liver, and carcass included the blood content of those organs sampled.
I The carcass recoveries were performed after removal of a blood sample, liver, and Iungs.
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that was injected intratracheally were cleared from the lungs
similarly to the 25% clearance over 6 h found for the [*H]
choline-labeled rabbit surfactant phosphatidylcholine, but lipids
were only minimally present in the blood and liver (Table 2).
However, lipids from the same preparation of **P-labeled rabbit
surfactant injected intravenously were still present in the blood
and liver in substantial quantities at 6 h. In both cases, there
were significant quantities of labeled lipid recovered in the car-
casses after removal of the lungs and liver that could not be
explained by the label recovered from the blood. The lipids from
sonicated liposomes of *H-labeled DPC that were injected intra-
venously were also recovered in substantial quantities at 6 h, but
to a greater degree in the blood and carcasses and to a lesser
degree in the liver than the **P-labeled large aggregate rabbit
surfactant lipids.

DISCUSSION

The clearance of exogenous surfactant had not been studied
previously in preterm animals requiring mechanical ventilation.
Rabbits that were 3 d old were used previously as a model of the
developing animal. However, these rabbits were healthy, spon-
taneously breathing, and had large endogenous surfactant pools
of about 80 mg phospholipid/kg body wt (29). Rabbits that were
3 d old cleared surfactant phospholipids very slowly and were
able to recycle or reprocess them efficiently in the lung (30). The
recycling pathway for phosphatidylcholine was estimated to be
about 95% efficient; de novo synthesis accounted for only 5% of
the phosphatidylcholine secreted into the alveolar pool (30). The
28-d gestation rabbits used in this study required mechanical
ventilation and would be expected to have endogenous surfactant
pools of about 2-3 mg phospholipid/kg body wt (31). After
receiving treatment doses of 75 mg/kg natural rabbit surfactant
or calf surfactant, the rabbits cleared about 25% of the labeled
phosphatidylcholine from their lungs over the 6-h study period.
If they had maintained this clearance rate, they would have
cleared the total treatment dose from their lungs by 24 h. This
would be much more rapid than the phosphatidylcholine clear-
ance rates of 10-15%/24 h reported for 3-d-old rabbits after
administration of either tracer or treatment doses of natural
rabbit or calf surfactant (6). In fact, the preterm rabbits in this
study cleared natural surfactant phosphatidylcholine from the
lungs at a rate of 4%/h, a value similar to the clearance rates of
3-4%/h reported previously in healthy, adult rabbits (4).

The different species source of the surfactant did not alter the
lung clearance of phosphatidylcholine. However, treatment doses
of surfactant-TA were not cleared at a detectable rate from the
mechanically ventilated preterm lungs, whereas treatment doses
of surfactant-TA were cleared from 3-d-old rabbit lungs in a way
similar to clearance of natural rabbit and calf surfactants (7). In
addition, the rate of lung uptake of the intratracheally-adminis-
tered surfactant-TA phosphatidylcholine from the airspaces of
these preterm rabbits (as estimated by the alveolar wash proce-
dure) was also slower than that seen with the natural surfactants,
whereas in 3-d-old rabbits the rate of lung uptake of phosphati-
dylcholine from intratracheally-administered surfactant-TA was
similar to that seen with intratracheal calf surfactant (7). In vitro
studies would suggest that the decreased lung uptake and perhaps
clearance of the lipid-solvent-extracted surfactant in the preterm
rabbits might be related to the loss of SP-A during the extraction
procedure (32). However, although it is tempting to speculate
that these differences in lung uptake and clearance of surfactant-
TA were not seen in 3-d-old rabbits because of larger endogenous
pools of SP-A, further studies investigating the dose-response of
preterm ventilated animals to exogenous SP-A are needed.

The utility of the 28-d gestation preterm rabbit model to study
surfactant metabolism was somewhat limited by our inability to
maintain mechanical ventilation successfully for longer than 6
h. However, subsequent studies in our laboratory using mechan-
ically ventilated preterm lambs given treatment doses of natural

427

sheep surfactant or surfactant-TA documented 30% clearance of
natural sheep surfactant over 24 h compared to 10% clearance
of surfactant-TA (33). Although these differences were not sig-
nificant, they were consistent with a somewhat more rapid
clearance of natural surfactant phosphatidylcholine from pre-
term ventilated lungs as well as qualitatively different clearance
rates for natural surfactant and surfactant-TA phosphatidylcho-
line.

Dynamic compliance responses after intratracheal administra-
tion were independent of the surfactant preparation and did not
deteriorate during the 6-h ventilation. We showed previously
that ventilated 27-d preterm rabbits had incremental improve-
ments in dynamic compliance with increasing doses of intratra-
cheal rabbit surfactant up to 50 mg/kg with no further improve-
ment at a dose of 75 mg/kg (26). Therefore, even after seeing a
25% loss of the 75 mg/kg natural surfactant dose over 6 h, we
did not expect to see a change in the dynamic compliances unless
surfactant inactivation occurred. The rabbits treated with intra-
tracheal surfactant-TA showed no appreciable clinical deterio-
ration associated with their minimal clearance of the treatment
doses and had no increase in mortality compared to the other
treatment groups. We did not expect the decreased clearance of
surfactant-TA to be detrimental as the adaptation of the term
newborn is to recycle surfactant phospholipids rather than clear
them (30).

The reason for the increased clearance of natural surfactants
seen in the preterm rabbits could be related to mechanical
ventilation and/or lung immaturity. Lung structure, enzyme
levels within the subcellular components of the lung, vascular
endothelial and airspace epithelial permeabilities, endogenous
surfactant phospholipids and associated proteins, as well as hor-
monal effects are all gestationally dependent (31, 34, 35). In-
creased protein leaks into and out of the lungs of preterm
ventilated rabbits were found in our laboratory with both in-
creased ventilatory pressure requirements (9) and with decreased
gestational age (35). Therefore, increased clearance of phospha-
tidylcholine from preterm ventilated rabbit lungs could result
from an epithelial leak of phospholipids followed by vascular
clearance. Although this possibility is supported by the develop-
ment of surfactant-antisurfactant immune complexes in the
plasma of preterm infants with severe respiratory distress syn-
drome (10), we found no significant vascular clearance of surfac-
tant lipids in our surfactant-treated preterm ventilated rabbits.
The recovery of radiolabeled lipids in the liver and blood of those
rabbits given treatment doses of rabbit surfactant intratracheally
and mechanically ventilated for 6 h was less than 1% of the label
cleared from the lung. In contrast, we had 51% recovery at 6 h
in the liver and blood in rabbits given labeled large aggregate
rabbit surfactant intravenously. A suspension of radiolabeled
liposomes of DPC, consisting of smaller aggregates than the
natural surfactant, was given intravenously and maintained a
higher concentration in the blood while appearing to a lesser
degree in the liver, but 44% of the labeled lipids were still
recovered in these two fractions at 6 h. The persistence of lipids
from various sized aggregates in the vascular compartments over
6 h suggested that the inability to recover lipids lost from the
lungs after intratracheal treatment was due to catabolic activity
in the lung itself. It remains a possibility that less mature animals
with more severe lung disease requiring exceptionally high ven-
tilatory pressures and not given surfactant replacement might
have more permeable lungs that could leak endogenous surfac-
tant phospholipids to the vascular compartment.

The reason for the decreased clearance of surfactant-TA from
the mechanically ventilated preterm rabbit lungs was unclear.
There were no significant differences in the ventilatory pressures
used for the animals treated with the different surfactants. In
addition to the possible effects resulting from the loss of SP-A
during the extraction procedure, the different nature and sizes of
the surfactant-TA aggregates might alter the intracellular proc-
essing and catabolism in the lungs. The enrichment of surfactant-
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TA with DPC, tripalmitin, and palmitic acid, and the selective
partial removal of cholesterol might also change the nature of
lung uptake and intracellular processing. We were reassured that
this modified natural surfactant used clinically for the treatment
of infants with respiratory distress syndrome was certainly not
cleared more rapidly than the natural surfactants.

In summary, treatment doses of natural rabbit and calf surfac-
tant phospholipids were cleared similarly and relatively rapidly
from the lungs of mechanically ventilated preterm rabbits. Vas-
cular clearance of phosphatidylcholine did not appear to be a
significant contributing factor in these animals. Surfactant-TA
phosphatidylcholine showed no appreciable loss over 6 h of
ventilation. Dynamic compliance responses were independent of
the surfactant preparation and did not deteriorate during the 6-
h ventilatory course.
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