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Abstract. Pluronic F68 (F68) is a nonionic surfactant which has been reported to inhibit the in
vitro adherence and migration of polymorphonuclear leukocytes (PMN) obtained from some
species. We demonstrated similar effects on PMN obtained from rats, with diminished adher-
ence to nylon wool and diminished chemotaxis toward zymosan-activated serum. We then
examined the in vivo effects of 12-hr F68 infusion on the injury induced by intratracheal
bleomycin instillation (ITB) in rats. When sacrificed 24 hr following injury, rats demonstrated
neutrophilia, neutrophil-prominent lung lavage cellularity, and increased lung weights. F68
decreased lavage leukocyte counts and lung weight gain in ITB-injured animals. Lung weights
of ITB-injured animals correlated (r = 0.8 1, P < 0.001) with logarithmic values of lavage PMN.
F68 also enhanced neutrophilia and decreased spleen weight gain in injured animals. The acute
effects of F68 on circulating leukocyte counts, osmolality, and total complement were also
examined. The data demonstrate that F68 can affect PMN traffic both in vitro and in vivo. The
data also confirm the prominence of PMN in lavage fluid early in ITB injury, and suggest that
an influx of relatively few PMN is associated with lung weight gain in this model. © 1988 Society

for Experimental Biology and Medicine.

Pluronic F68 (F68) is a nonionic surfac-
tant used as an emulsifier in a variety of com-
mercial preparations, including a perfluoro-
carbon artificial blood substitute (1). Al-
though thought to be relatively inert
biologically, recent data have demonstrated
that in vitro adherence and migration of
polymorphonuclear lymphocytes (PMN)
obtained from rabbits and humans are inhib-
ited by F68 (2). If PMN are similarly inhib-
ited in vivo, then F68 might provide a probe
of PMN involvement in lung injury. Dem-
onstration of inhibitory effects in vivo might
likewise suggest a therapeutic role for F68 in
PMN-mediated injury. However, infected
patients might be adversely affected if in-
fused with materials containing sufficient
F68 to inhibit PMN.

PMN have been noted to be prominent in
some animal models of lung injury leading to
fibrosis, such as that associated with intratra-
cheal instillation of bleomycin (ITB) (3). Al-
though ITB injury to rodents is frequently
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employed as a model of idiopathic pulmo-
nary fibrosis (3, 4), a number of features par-
allel the events of protracted adult respira-
tory distress syndrome (ARDS). An acute al-
veolitis as characterized by lung lavage may
be found within 24 hr following ITB injury
(3). This phase is associated with an increase
in lung weights, although not necessarily as-
sociated with an increase in wet—dry weight
ratios (5). A cellular influx of predominantly
PMN has been identified by lung lavage in
hamsters within hours following injury (6),
and in rats at 24 hr following injury (3). The
acute inflammatory process is followed by
accumulation of chronic inflammatory cells
(3), with increased collagen synthesis noted
biochemically as early as Day 4 (7), and fi-
brosis apparent histologically within 2-4
weeks (8). Similarly, PMN are prominent in
ARDS (9-11), and a protracted course of
ARDS in humans has been associated with
simulation of collagen synthesis (12). A
pathogenic role for PMN in ARDS has been
suggested by a number of studies in humans
and animals (9-12), while the role of PMN in
ITB injury is less clear. Several studies
(13-15) have suggested that PMN may sup-
press collagen accumulation and synthesis in
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the lungs of ITB-injured animals, while the
role of the PMN in the initial events follow-
ing ITB instillation are not well described.

The purposes of the current study were (i)
to demonstrate that F68 can inhibit in vitro
adherence and migration of PMN obtained
from rats, and (ii) to examine its ability in
vivo to modify the PMN-prominent, acute
alveolitis induced by ITB instillation, as as-
sessed by lung lavage cellularity and lung
weights. We also examined the effects of F68
on circulating blood counts, and recorded
the weights of spleens, which represent im-
portant reservoirs for marginated PMN (16).

Materials and Methods. Sprague-Dawley
rats (Charles River, Worcester, MA, and Si-
menson, Tustin, CA) weighing 200-250 g
were used in this study. All procedures were
performed under ketamine (Parke-Davis,
Morris Plains, NY) anesthesia. For in vitro
studies, PMN were harvested from rats by
hetastarch exchange transfusion (18). PMN
were then isolated by double-density, Ficoll-
Hypaque, gradient centrifugation, using
methods modified (18) from those pre-
viously reported (19). We have previously
shown that leukocytes obtained in this man-
ner are approximately 97% PMN, with
>98% viability by trypan blue dye exclusion,
and demonstrate relatively normal adher-
ence, migration, superoxide generation, and
bacterial killing when compared to cells
pooled from animals following simple phle-
botomy (18). The cells were suspended in
basal Eagle’s medium with Earle’s salts
(BME, Flow Labs, St. Louis, MO) at a con-
centration of 3 X 10° cells/cc. Pluronic F68
(BASF, Wyandotte, MI), was suspended in
nonpyrogenic, sterile water in a stock solu-
tion of 126 mg/cc and added to the cell sus-
pensions to create concentrations ranging
from 0.2 to 2.0 mg/cc in buffered salt solu-
tion. All assays were performed in triplicate
with each sample.

PMN adherence to nylon wool columns
was performed ns previously described (2,
18). Briefly, 160 mg nylon wool (leukopak;
Fenwall, Deerfield, IL) was packed in a 3-cc
syringe at constant volume, and 4 cc of cell
suspension was layered into the column with
a sterile pipet. Cells eluting from the column
were counted with a Coulter counter, and the
ratio of eluting to original cell counts repre-

MODULATION OF RAT GRANULOCYTE TRAFFIC

senting fractional adherence (Fadh). The
decrement in adhesion secondary to F68,
termed the percentage adherence (% adh)
was calculated as follows:

[Fadh (without F68)
— Fadh (with F68)]

X 100.
Fadh (without F68)

%adh =

PMN migration toward zymosan-acti-
vated serum (ZAS) was assessed with a Boy-
den microchamber technique (2). Briefly,
cell suspensions containing varying concen-
trations of F68 were placed in the upper
chambers and 0-40% ZAS was placed in the
lower chambers. The wells were separated by
an 8-um pore size Millipore filter (Millipore
Corp.) and incubated at 37°C in incubators
with 5% CO, for 90 min. The filters were
then fixed and stained. Migration was deter-
mined by counting the number of cells in
four high-powered fields at filter bottom or
the nearest depth at which PMN counts
reached approximately 150-200. Percentage
migration was then determined by the rela-
tive number of cells migrating to the same
depth, in the same cell preparation, in the
presence of varying concentrations of F68.
This approach normalized for unavoidable
differences in the migration of various cell
preparations toward a stimulus derived from
a complex biologic system (ZAS).

In the in vivo injury study, four groups of
animals were examined, matched for
weights. Two groups were injured with an
intratracheal instillation of ITB, using ap-
proximately 1.5 units of outdated bleomycin
sulfate (Blenoxane; Brystol, Syracuse, NY) in
0.3 cc NS, as previously described (3). These
animals additionally received either Pluronic
F68 (F68) or normal saline (NS) via the pe-
nile vein, at the time of injury and 12 hr
later. Treatments consisted of 450 mg F68
suspended in 1.5 cc sterile NS, or an equal
amount of NS without F68, infused over 60
sec. This dose was based on the short circu-
lating half-life of F68 (17), and preliminary
data examining other doses. For comparison,
two additional groups were not injured, but
were given NS or F68 infusions at similar
intervals.

Animals were then sacrificed at 24 hr by
exsanguination, based on preliminary data
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which did not reveal increased lung weights
or lavage PMN during the initial 12 hr fol-
lowing injury in these animals. All animals
were weighed before injury; most were
weighed again at sacrifice and percentage
change in body weight was determined for
these animals. At sacrifice, blood was col-
lected from the femoral vein in citrate for
determination of hematocrit, total circulat-
ing white blood cell count (WBC), and dif-
ferential. Circulating WBC counts were de-
termined with an electronic counter (ZBI;
Coulter Electronics, St. Hialeah, FL), and
differentials determined by counting 200
cells on a smear using a modified Wright’s—
Giemsa stain (Leukostat; Fisher, Fair-
lawn, NJ).

Exsanguination was performed aggres-
sively by phlebotomizing animals of approxi-
mately 8 cc of blood, followed by sequential
transection of the femoral vessels, abdominal
vessels, and apex of the heart. The spleen was
dissected free and weighed. The lungs were
dissected free, carefully trimmed of nonpul-
monary tissue, and weighed. We assumed
that residual intravascular volume had been
minimized by our phlebotomy, and did not
attempt to correct for residual with the he-
moglobin content of the lung because of the
occasionally hemorrhagic character of this
injury. Organ weights were normalized to
preinjury body weights. It has been our ob-
servation that the weights of these organs in-
crease with animal weight in rats of this age.
However, because the relationship is not that
of identity, the groups were also matched for
preinjury body weight.

The lungs of most animals were then la-
vaged, using methods previously employed
in this lab. Briefly, a 23-gauge, truncated but-
terfly was ligated in the right mainstem
bronchus, and the lung lavaged with 25 cc of
NS at ambient temperature using approxi-
mately 4-cc aliquots. Lavage fluid was col-
lected into citrated tubes. The cell count was
determined by hemocytometry, using tolu-
idine blue; a differential was determined
from a Wright’s-Giemsa stained, cytospun
(Cytospin; Shandon, Astmoor, UK) sample,
counting 200 cells. The left lung of some an-
imals was weighed wet, and then reweighed
following drying at 85°C for 3-4 days (until
the weights were stable). Wet/dry weight
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ratios were then determined for these ani-
mals.

In separate studies, we examined the im-
mediate effects of the F68 infusion on serum
osmolality, circulating leukocyte counts, and
total complement (CHs) levels on uninjured
rats. For these experiments, two groups of 10
rats received either 450 mg F68 in normal
saline or saline alone via the tail vein. Blood
was drawn from the femoral vein at 0, 5, 15,
and 60 min following infusion, collecting 1,
1, 4, and 1, cc, respectively. A 0.2-cc aliquot
was placed in EDTA, and leukocyte counts
were determined as above. A 0.8-cc aliquot
was permitted to clot for determination of
serum osmolality from four animals in each
group, using an osmometer (Wescor 5100B
vapor pressure osmometer). A 3-cc aliquot of
the sample at 15 min was then clotted and
centrifuged, to obtain serum which was
stored at —70°C for subsequent determina-
tion of CHs, levels. This 3-cc volume of
blood was required to obtain 1 cc of serum
needed for the CHs, assay, and precluded
measurement of sequential CHso levels in
these small animals. CHs, levels were per-
formed by a commercial lab using standard
methods, determining 50% lysis of sheep
erythrocytes sensitized with rabbit anti-
body (38).

Analysis was performed with a hand-held
calculator and with a personal computer
using a statistical software package (BMDP;
UCLA, CA). In vitro values represent means
of triplicate assays in each experiment, and
were analyzed by ANOVA. In vivo data were
first analyzed for variance: When significant,
differences between group means were then
compared by unpaired ¢ tests. The relation-
ship between normalized lung weights and
the accumulation of leukocytes in lavage
fluid was examined by linear regression. Se-
quential leukocyte counts were examined for
variance and covariance of repeated mea-
sures, and ¢ tests were applied where variance
was significant. Statistical significance was
accepted where P < 0.05.

Results. The effects of F68 on adherence
of rat PMN to nylon wool columns and che-
motaxis toward ZAS are shown in Fig. 1. A
statistically significant, dose-dependent,
marked inhibition of adherence was noted.
The dose at which 50% maximal inhibition



464

100

- \‘\
(e}
g s \\
g TN
o ~
~ 50 T
z \( \\\ adherence
g L ~
Q \ D —
W25 p
T3
migration 5\‘\\‘
! i P —
0 0.5 1.0 15 2.0

F68 CONCENTRATION (mg/ml)

FI1G. 1. In vitro PMN adherence and migration. Values
represent means and standard errors of three or four
samples, each run in triplicate. Lines connect data ob-
tained with cells from the same group of rats. Adherence
and migration of each cell preparation in the absence of
F68 defines 100% (control) adherence and migration.
Percentage adherence and migration compared to con-
trol values for each cell preparation, in the presence of
varying concentrations of F68, are displayed. A signifi-
cant (P < 0.05) reduction in both adherence to nylon
wool columns and migration toward zymosan-activated
serum were observed in the presence of F68.

(IDsg) occurred was approximately 0.6
mg/cc. Similar results were obtained when
examining the effects of F68 on PMN che-
motaxis, with an IDs, at concentrations of
approximately 0.2 mg/cc.

The in vivo experiments likewise demon-
strate an effect on circulating PMN by F68.
Examination of peripheral blood is shown in
Table 1. Differences in hematocrits were not
statistically significant. Likewise, although
total leukocyte counts varied, the differences
were not significant (P > 0.20). However,
circulating PMN were significantly (P
< 0.05) increased in ITB-injured animals,
and F68 significantly enhanced circulating
PMN numbers in injured (P < 0.01), but not
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uninjured animals. Conversely, circulating
lymphocytes were decreased in ITB-injured
animals (P < 0.01), and further decreased by
F68 (P < 0.01); however, F68 did not signifi-
cantly alter counts in uninjured animals.
Monocytes morphologically represented less
than 2% of circulating leukocytes in both
groups, and were not specifically enumerated
by special stains.

Examination of lung lavage fluid is shown
in Table II. The returned volume was vir-
tually the same in each group. However, the
nucleated cell (NC) count was significantly
increased in the ITB-injured animals receiv-
ing NS, and this increase was inhibited by
F68 (P < 0.001). The decrease in nucleated
cells of F68-treated, uninjured animals was
not significant (P > 0.05). These cells were
grouped as either PMN or mononuclear
(MN) by stained cytosmear. ITB injury was
associated with a marked increased in lavage
PMN, consisted largely of neutrophils at 24
hr. This increase was significantly (P < 0.01)
inhibited by F68 infusions. No difference in
lavage PMN was noted when F68 was in-
fused into uninjured animals, which had few
lavage PMN. Lavage mononuclear cells,
consisting almost exclusively of macro-
phages and monocytes, were also signifi-
cantly (P < 0.01) decreased by F68 when
compared to saline-treated, ITB-injured ani-
mals, while the decrease in uninjured ani-
mals associated with F68 did not reach sta-
tistical significance.

Body weights preinjury and differences in
weights of various organs harvested at sacri-
fice are shown in Table III. The groups were
well matched for weights, and organ weights
were normalized to preinjury body weights,
as explained above. ITB injury was asso-

TABLE I. HEMATOLOGIC DATA

Group (n) Hct% WBC (10%*/mm?) PMN (10°/mm?) Lymph (103/mm?3)
NNS (15) 34.0 (x1.9) 9.05 (£2.24) 1.94 (£0.72) 7.00 (£1.97)

N68 (10) 36.6 (£1.8) 8.73 (£1.10) 1.97 (£0.81) 6.45 (¢=1.41)

BNS (16) 34.3(£1.9) 8.53 (£2.15) 2.97 (£0.84)** 5.44 (£1.54)*

B68 (16) 34.1 (£5.0) 8.74 (£2.04) 4.83 (£2.27)rkr*x* 3.79 (1. 15y rxxk

Note. The groups listed include saline-treated normals (NNS), F68-treated normals (N68), saline-treated injury
(BNS), and F68-treated injury (B68). Values represent means (+ standard deviation) of hematocrits (Hct), total
leukocyte (WBC), neutrophil (PMN), and lymphocyte (lymph) counts.

* P < 0.05 and **P < 0.01 compared to NNS; ***P < 0.01 compared to BNS.
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TABLE II. LUNG LAVAGE DATA

Volume Nucleated cells
(n (cc) (No./mm?) PMN (No./mm?) MN (No./mm?)
NNS 9) 22.9 (x1.1) 67.2 (£16.6) 0.4 (£0.5) 66.9 (+16.8)
N68 10) 22.1 (¢1.3) 51.3(£19.2) 0.7 (£0.7) 50.5 (x£18.7)
BNS (10) 21.4 (+1.7) 145  (£59)** 55.4 (+£20.8)** 89.2 (+40.1)**
B68 (1 21.0 (x1.5) 65.5 (£20.3)*** 13.9 (13.4)F**x* 51.5 (£ 15.2)%*¥**

Note. The groups are as in Table 1. The values obtained are means (+ standard deviations) of lavage fluid volume,
and counts of nucleated cells, neutrophils (PMN), and mononuclear cells (MN). The groups are those shown in Ta-

ble 1.

* P < (.05 and **P < 0.01, compared to NNS: ***P < 0.01, compared to BNS.

ciated with a significant lung weight gain (P
< 0.05). However, lung weight gain was less
(P <0.01) in the ITB-injured animals receiv-
ing F68. F68 did not significantly affect lung
weights of uninjured animals. Variance in
wet/dry lung weight ratios between the four
groups did not reach statistical significance,
as follows: (a) ITB + NS, 4.80 + 0.20 (n = 9);
(b) ITB + F68, 4.73 + 0.33 (n = 8); (c) NS
alone, 4.62 = 0.23 (n = 11); (d) F68 alone,
4.54 + 0.48 (n = 10). However, a small in-
crease in wet/dry ratios was noted among
ITB-injured animals when compared to ani-
mals receiving NS alone (P < 0.05 by iso-
lated ¢ test). Spleen weights were significantly
increased in ITB-injured animals, and F68
inhibited this increase (P < 0.01); F68 did
not significantly affect spleen weights of un-
injured animals.

We then examined the relationship be-
tween lavage PMN and lung weight gain in
ITB-injured animals: lung weights were in-
creased with relatively small increases in la-
vage PMN, with little additional weight gain
at higher PMN counts. When log values of

lavage PMN counts were compared to nor-
malized lung weights (Fig. 2), a strong linear
relationship (r = 0.81, P < 0.001) was noted.
The relationship (not shown) between lavage
mononuclear cell counts and normalized
lung weights was less strong (r = 0.44), with
that of total numbers of lavage nucleated
cells and normalized lung weights interme-
diate (r = 0.64).

The effects of F68 on circulating leukocyte
counts and serum osmolality immediately
following injection are shown in Table IV. A
decrease in total leukocyte (WBC) counts
was noted following injection of both F68
and saline alone, which paralleled a decrease
in hematocrits. However, a greater decline in
WBC was noted at 5 and 15 min in the F68-
treated group, which was accompanied by a
significantly greater decrease in PMN counts
at 5 min. Hematocrits also were significantly
less in the F68 group at 5 and 15 min follow-
ing injections. Serum osmolality was not sig-
nificantly affected by F68. Although CHs,
levels at 15 min tended to be lower in the
F68-treated group (40 = 37) than in the sa-

TABLE III. ORGAN WEIGHTS

.. Lung wt Spleen wt
Preinjury (1073) — (1073
(n) body wt (gm) Body wt Body wt
NNS (15) 238 (£8) 4.99 (+£0.30) 2.75 (+£0.47)
N68 (10) 240 (£6) 4.88 (+0.28) 2.71 (£0.29)
BNS (16) 236 (£8) 6.94 (+0.54)** 4.08 (£0.29)**
B68 (16) 237 (x£11) 6.13 (£0.78)x**** 3.04 (£0.94)***

Note. The groups are as in Table I. Organ weights of animals are normalized to preinjury body weights. The groups
are those shown in Table 1. Values reflect means (+ standard deviation).

* P <0.05 and **P < 0.01 compared to NNS; ***P < (.

01 compared to BNS.
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F1G. 2. Lung weight versus lavage PMN in ITB-in-
jured rats. The values include animals receiving saline
(squares) and F68 (circles). Lung lavage PMN counts
(cell number/mm?) are compared on a semilogarithmic
scale to lung weights normalized to preinjury body
weights (X10°). A significant (P < 0.001) linear correla-
tion (r = 0.81) was noted.

line group (92 + 71), these differences were
not statistically significant, and no clinical
correlates of these differences (tachypnea,
distress) were noted.

Weight loss was generally noted in all
groups. Weight loss among uninjured ani-
mals was similar in saline-infused rats (2.4%
+ 2.0, n = 15) and F68 treated rats (2.4%
+ 1.6, n = 10), while among ITB-injured an-
imals, F68-treated rats tended to lose more
weight (9.2% + 3.0, » = 10) than did saline-
treated rats (5.9% = 2.0, n = 15). However,
we examined the linear relationship between
normalized lung weights and change in body
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weights of ITB-injured animals and found a
poor correlation (r = —0.02).

Discussion. The data demonstrate that
Pluronic F68 (F68) can inhibit in vitro adhe-
sion and migration of PMN obtained from
rats, as reported in other species (2). It may
have similar effects in vivo as demonstrated
by decreased lavage PMN in ITB-injured
rats, although mononuclear cells appeared
affected as well. These effects of F68 did not
appear related to increased serum osmolal-
ity. Although a transient neutropenia was in-
duced by F68 in normal rats, it was asso-
ciated with a statistically insignificant de-
crease in circulating complement, and was
not of apparent clinical significance. Addi-
tionally, the data confirmed a PMN-promi-
nent lung injury at 24 hr following intratra-
cheal injury (ITB) instillation in rats (3), and
suggest a strong relationship of modest PMN
influx with lung weight gain in this early
phase. A small increase in wet/dry lung
weight ratios was noted among ITB-injured
animals, minimally decreased by F68, but
both trends were statistically insignificant.

These effects of F68 on leukocyte traffick-
ing in vitro and in vivo have not been pre-
viously reported in rats. The current data are
consistent with that reported by Lane, et al.
(2), who demonstrated inhibition of rabbit
and human PMN adherence and migration
toward FMLP in vitro (following F68 influ-
sion in vivo), and inhibition of PMN influx

TABLE I'V. IMMEDIATE RESPONSE TO F68

Time (min): 0 5 15 60

Osmolality (osm/liter)

Saline 282 (+6) 285 (+7) 285 (+6) 292 (+4)

F68 285 (+6) 286 (+5) 285 (+6) 291 (+6)
Leukocytes (X10°/mm?3)

Saline 9.16 (+1.60) 8.26 (+1.85) 6.70 (+1.57) 5.59 (+1.37)

F68 8.54 (+1.70) 5.34 (+0.74)** 4.73 (+0.82)** 4.53 (+1.33)
PMN (X10*/mm?)

Saline 1.02 (+0.30) 1.15 (+0.31) 0.98 (+0.35) 1.17 (+0.35)

F68 1.11 (+0.37) 0.76 (+0.29)** 0.75 (+0.37) 1.04 (+0.49)
Hematocrit (%)

Saline 40.6 (+1.9) 37.2(+2.2) 36.4 (+1.5) 33.9(+1.9)

F68 39.9 (+1.9) 29.6 (+5.6)** 31.6 (+4.1)** 34.0 (+2.3)

Note. Shown are sequential determinations of serum osmolality, blood leukocyte and neutrophil (PMN) counts,
and hematocrits measured in uninjured rats infused with either Pluronic F68 in normal saline (F68) or saline alone.
The values represent means (+ standard deviations). The methods are described in the text.

*»* P <0.01.
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into the peritoneum of mice induced by en-
dotoxin (39). Although the interrelationship
between PMN adherence and migration is
complex (20), some augmentation of adher-
ence is presumably required for the initial
step in migration of PMN through the endo-
thelium and subsequently into the alveoli of
ITB-injured animals. Therefore, the reduc-
tion in lavage granulocyte counts in our
study suggests that F68 in these doses may
inhibit adherence and migration of PMN
into the lung in vivo as well.

These data appear to contrast with those
reported by Vercellotti et al. (21), who re-
ported pulmonary intravascular sequestra-
tion of PMN producing respiratory distress
in normal rabbits with infusion of F68 in
smaller doses, thought related to comple-
ment activation. We also noted a transient
leukopenia at 5 and 15 min following infu-
sion. However, we found only a statistically
insignificant trend toward decreased CHs,
levels at 15 min, and the animals were not
noted to have respiratory distress. On the
other hand, hematocrits were also signifi-
cantly reduced at 5 and 15 min following
infusion, a transient change not likely in-
duced by complement activation. Therefore,
the transient leukopenia induced may reflect
other factors, including transient fluid shifts
(see below), which remain incompletely de-
fined.

Additionally, lung lavage did not identify
lung infiltration by PMN in normal or in-
jured rats following F68 infusion in our
study, which we would have anticipated if
significant pulmonary sequestration of PMN
had been induced by complement activation.
While we did not examine the ultrastructure
of these rat lungs histologically to compare
the intravascular PMN numbers, prelimi-
nary data in normal rats (Williams, unpub-
lished) have not demonstrated delayed clear-
ance of indium-labeled PMN when infused
with small doses of F68. Factors which may
explain these contrasts with Vercellotti’s
findings include differences in the species
studied, the duration of infusion, the doses
administered, or the methods of sampling.
Additionally, potentially toxic by-products
were previously reported to contaminate
some batches of F68 (22), and might explain
the adverse reactions noted by Vercellotti.
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Prior stimulation of PMN through com-
plement activation might desensitize PMN
for subsequent recruitment into the alveolar
space by ITB. However, this would not ex-
plain the in vitro inhibition of adherence and
migration of washed PMN suspended in a
nonserum medium. Additionally, it is un-
likely that F68 simply accelerated the course
of ITB-induced PMN influx in alveoli, inas-
much as ITB-induced PMN influx is known
to increase through Day 3 (3), and PMN
were not increased in uninjured animals re-
ceiving F68. Therefore, we believe that the
effects of F68 on alveolar influx of leukocytes
following ITB are not simply attributable to
stimulation by complement.

The effects of F68 on circulating leuko-
cytes appeared to differ somewhat between
injured and uninjured rats at 24 hr following
infusion: F68 enhanced the late neutrophilia
of ITB-injured rats, while neutrophilia was
not found in uninjured rats. Although the
acute experiments identified a transient neu-
tropenia following F68 infusion in uninjured
animals, this had resolved by 60 min. We
cannot exclude the possibility that a rebound
neutrophilia may have subsequently oc-
curred, which had resolved by the time of
sacrifice. On the other hand, the enhanced
neutrophil counts at sacrifice of ITB-injured
animals would also be consistent with de-
creased margination of PMN which had
been recruited into the circulation by injury.

Although the lungs are thought to be a sig-
nificant reservoir of marginated PMN in
normal animals (23), the relative magnitude
of this role has been questioned (16). During
mobilization of PMN from the bone mar-
row, PMN may transiently sequester in the
lung (24), increasing the marginated pool in
the lungs. Perhaps the effects of F6§ on PMN
trafficking are more readily detected during
such times. The spleen also appears to be a
prominent reservoir for infused, labeled
PMN (16, 18), and splenic sequestration of
PMN mobilized from the bone marrow dur-
ing ITB-injury might be inhibited by F68.
This might explain inhibition of splenic
weight gain in ITB-injured animals by F68,
while splenic weights in normals were less
affected. However, we did not explore the
differences in splenic weight in this study.

The effects of F68 on leukocytes did not
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appear limited to PMN. Lavage monocytes
and macrophages were also reduced by F68
in ITB-injured animals, and suggest recruit-
ment of additional monocytes (potential
macrophages) into inflamed alveoli may be
inhibited by F68 as well. These data are con-
sistent with those reported by Lane (2) which
demonstrated inhibition of peritoneal mac-
rophage migration in vitro by F68. Recent
preliminary data suggest that delayed hyper-
sensitivity responses in mice may be inhib-
ited by infusion of F68 containing com-
pounds (25). The decrease in circulating
lymphocytes by F68 in the current study is of
uncertain significance, but also demonstrates
that F68 may alter the traffic pattern of a
variety of leukocytes in vivo.

The mechanisms by which F68 may in-
hibit PMN adherence and migration were
not the focus of this study, but a number of
potential mechanisms might be proposed.
Agents which stimulate adenyl cyclase activ-
ity may inhibit a variety of PMN functions,
including adherence and migration (26-28);
however, a direct effect of F68 on adenyl cy-
clase seems unlikely. Interference with sur-
face glycoproteins or surface charge also may
affect cell adherence (29), or might facilitate
flow through the microcirculation in vivo by
increasing PMN deformability: F68, by vir-
tue of its mixed hydrophilic and lipophilic
characteristics, may be able to interact with
cell membranes in either manner. Whether
this interaction could involve specific recep-
tors is not known, but we would suspect the
interaction is less specific. It is therefore of
interest that bovine surfactant may likewise
have antiinflammatory properties in the lung
(30). We must also consider a less direct
mechanism. For example, adrenal steroids
may similarly induce neutrophilia, lympho-
penia, and inhibit mononuclear cell influx
into sites of inflammation (31). Whether F68
may act directly, or induce an adrenocortical
response which secondarily exerts these ef-
fects, remains to be established.

Lung weight gain 24 hr following ITB in-
jury may reflect an accumulation of fluid,
proteinaceous material, or both. The small
and statistically insignificant increase in
wet-dry lung weight ratios suggests that both
accumulate, as has been reported at S days
following ITB instillation (5). Of interest, al-
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though an alveolitis has been described in
hamsters within the first few hours following
ITB injury (6), we could not demonstrate al-
veolitis or lung weight gain during the first 12
hr in these rats (preliminary data not shown),
suggesting a species difference in this injury
model.

The significant correlation of lung weight
gain with lavage granulocytes suggests that
these cells may play a role in early ITB injury
to rats. The reduction in lung weights and
lavage PMN which occurred in F68 treated
animals supports such a role. The role of
PMN in the acute lung injury following ITB
has not been well established, although a
pathogenic role in a variety of other models
of lung injury has been suggested (9-11). The
relatively strong (r = 0.81; r* = 0.66) semi-
logarithmic relationship suggests that rela-
tively few PMN may be necessary for early
lung weight gain, with additional influx hav-
ing progressively less effect. If so, then a less
marked reduction in PMN influx might be
expected to have little effect on the acute
lung injury. This may be of particular im-
portance when assessing the effects of neu-
trophil depletion in the rat, in which nor-
mally only approximately 20% of circulating
leukocytes are PMN. It should be noted that
lavage monocytes—macrophages also corre-
lated with lung weight gain, but less strongly
(r=0.44;r* = 0.19).

We considered the possibility that inhibi-
tion of lung weight gain and granulocyte in-
flux might not be causally related, but in-
stead reflect unlinked effects of F68 acting in
parallel. For example, F68 has been reported
to affect platelet adhesion (37); however, the
role of platelets in ITB injury remains to be
identified. Additionally, although the mean
molecular weight of F68 is only 8400 D,
some variation exists (product information,
BASF Wyandotte, Wyandotte, MI), which
might present an osmotic load to the rat.
Therefore, fluid shifts related to oncotic gra-
dients might reduce lung weight. Addition-
ally, an osmolar load of 2 mosmy/liter could
be calculated, based on mean molecular
weight and an estimated intravascular vol-
ume of 25 cc (18): however, the measured
osmolality of 285 was not significantly af-
fected by F68 in our study. Nevertheless, a
significantly greater weight loss was noted in
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ITB-injured rats receiving F68, consistent
with a diuresis. However, the hematocrit of
the F68-treated group was not significantly
increased at the time of sacrifice, and the
poor correlation (r = —0.02) between change
in body weight and lungs normalized to
preinjury body weights did not support this
hypothesis. Likewise, differences in lung
wet/dry weights did not reach statistical sig-
nificance, which would be anticipated if only
lung water were decreased by F68. Instead,
both aqueous and nonaqueous components
were reduced, as demonstrated by lung la-
vage cellularity.

In conclusion, the data demonstrate that
F68 can affect rat granulocyte trafficking
both in vitro and in vivo. The inhibitory ef-
fects on leukocyte accumulation in the lung
in vivo would suggest that F68 may provide a
probe of leukocyte mediated events; how-
ever, the effects did not appear specific for
PMN, and other more specific agents have
been recently reported effective in other spe-
cies (38). Although the inhibitory effects of
F68 on leukocyte localization in the lung
may prove beneficial in lung injury, further
data would be required to support this hy-
pothesis. In particular, infusion of a per-
fluorocarbon emulsion which contains F68
has been reported to adversely affect the out-
come of experimental pneumonia (34), a
complication which is not uncommon dur-
ing the course of acute lung injury in clinical
medicine.
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