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Myocardial salvage after reperfusion may be lim-
ited by neutrophil-mediated microvascular dam-
age. The effect of the perfluorochemical, Fluosol-
DA, and its various components on neutrophil
adherence, cytotoxicity, and proteolytic enzyme
release was examined on sheep large and small ves-
sel endothelial cells in vitro. Cells were studied un-
der normoxic (N) and anoxic conditions (A). Var-
ious concentrations of Fluosol (10%, 25%, and
50%) significantly reduced neutrophil adherence
under both experimental conditions [mean 22
± 3.25% versus 7± 0.8% (N) and 20 ± 3.29% versus
7.5 ± 0.9% (A); P < 0.01]. The perfluorocarbons,
perfluorodecalin (PFD), and perfluoro-tripropy-
lamine (PFTP) in a 50 volume/percent concentra-
tion exhibitedprofound effects on adherence, par-
ticularly on cells subjected to anoxia (51% and
69% reduction in adherence, respectively; P < 0.01).
No effect on adherence was observed with other
components, including the detergent, pluronic
F68. A 25% reduction (P < 0. 02) in endothelial cy-
totoxicity was noted when neutrophils wereprein-
cubated with Fluosol. However, pretreatment of
endothelial cells with Fluosol did not inhibit neu-
trophil adherence. Neutrophils stimulated with cy-
tochalasin B andFMLP showed a significant reduc-
tion in lysozyme release after incubation with Flu-
osol (28± 5% versus 1 7+ 4%; P < 0. 01). This study
demonstrates that Fluosol significantly attenuates
neutrophil adherence, cytotoxicity, and enzyme re-
lease in an in vitro model ofmicrovascular injury.
It also suggests thatprevention ofneutrophil-medi-
ated microvascular damage may be an important
mechanism whereby Fluosol enhances myocardial
salvage after ischemia and reperfusion. (AmJ Pa-
thol 1990, 136:451-459)

Endothelial cells are metabolically very active and are
known to secrete a variety of compounds that act to main-

tain flow in the microcirculation. These include sub-
stances that regulate vascular smooth muscle tone and
prevent mechanical plugging of vessels by cellular ele-
ments, especially the neutrophil.15 Ischemic damage to
vascular endothelial cells associated with complement
deposition and neutrophil activation sets the stage for ac-
celerated vascular damage at the time of reperfusion with
the introduction of cellular elements.67 Activated neutro-
phils produce a variety of substances that are cytotoxic
and that amplify the inflammatory response. These in-
clude reactive oxygen species, numerous potent proteo-
lytic enzymes, arachidonic acid metabolites, and platelet-
activating factor.6-11

The perfluorochemical Fluosol-DA is a substance with
a small particle size and high oxygen-carrying capacity.
When reconstituted it consists of an emulsion of two per-
fluorochemicals, a detergent (pluronic-F68), glycerol,
phospholipids, and various electrolytes. We have pre-
viously shown that administration of the compound after
reperfusion significantly reduces infarct size in a canine
preparation of reperfusion and this is associated with both
structural and functional preservation of the endothelium
in the ischemic microcirculatory bed.12-14 A subsequent
study showed that Fluosol significantly inhibited neutro-
phil chemotaxis into the ischemic myocardium.15

The effect of the perfluorochemical Fluosol-DA on neu-
trophil degranulation remains controversial.15,16 Previous
studies from our laboratory have demonstrated that neu-
trophils exposed in vivo to perfluorochemical manifest a
significant reduction in lysozyme release when stimulated
ex vivo with phorbol myristate acetate (PMA) or opsonized
zymosan.15 Lane and Lamkin did not observe suppres-
sion of f,-glucuronidase release by Fluosol-DA in vitro.16
The reasons for these discrepancies are unclear but may
be related to technical variations among studies, includ-
ing washing techniques, duration of exposure to the drug,
and use of different neutrophil stimuli. In light of these find-
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ings, we performed experiments in this study to clarify the
effect of Fluosol and its detergent component, Pluronic
F68, on neutrophil degranulation using both a physiologic
neutrophil stimulant, FMLP, and a clinically relevant con-

centration of Fluosol and its detergent component. In an

attempt to simulate the in vivo situation, the effect of Fluo-
sol and its various components on neutrophil adherence
and cytotoxicity was evaluated using cultured endothelial
cells obtained from large and small blood vessels under
both normoxic and anoxic conditions. These results sug-

gest that Fluosol may mediate its protective effect in re-

perfusion injury by suppressing neutrophil adherence and
neutrophil-mediated endothelial damage.

Materials and Methods

Endothelial Cell Isolation

Large vessel endothelial cells were obtained from isolated
sheep pulmonary arteries by the methods of Booyse et
al.17 Coronary endothelial cells were obtained from the
proximal epicardial arteries of normal canines and isolated
using the same method. The pulmonary arteries and coro-

nary arteries were treated with collagenase (1 mg/ml
Hanks balanced salt solution buffered with 10 mM Hepes,
pH 7.4 (buffered HBSS) for 20 minutes at 37 C. The endo-
thelial cells were stripped off by perfusion with fresh
HBSS, and the cells were washed twice in growth medium
consisting of RPMI-1640 medium supplemented with
20% fetal calf serum (FCS) plus penicillin (100 ,ug/ml),
streptomycin (100 mg/ml), and amphotericin (0.25 mg/
ml). Cells were used either as primary cultures or as

clones selected from primary cultures up to a maximum
of eight passages.

Small vessel endothelium was isolated from sheep
lung tissue. The methods were essentially those of
Wagner and Matthews,18 which we had used before.'9
Brief, a small piece (1 cm2) of peripheral lung tissue was
excised, teased apart with forceps, rinsed with buffered
HBSS, and incubated with collagenase (1 mg/ml) for 45
minutes at 37 C. The cell mixture was triturated briefly with
a Pasteur pipette and centrifuged at 150g for 5 minutes
at room temperature. The pellet was washed once in
buffered HBSS and plated out in a medium consisting of
a 1:1 mixture containing one part RPMI-1640 medium plus
20% FCS and one part Kl, a defined medium described
by Taub and Sato.' Endothelial origin was confirmed by
the typical cobblestone morphology,21 anti-Factor VIII
staining,22 presence of angiotensin- converting enzyme

activity,23 and binding and uptake of acetylated low-den-
sity lipoprotein.24 To be considered endothelial, the cells
must possess at least three of the above characteristics.

Human Neutrophil Isolation

Venous blood was collected from health volunteers into
10 ml (250 U heparin/tube). Human neutrophils were used
due to their ready availability. We have previously demon-
strated that cross species similarity exists in adhesion of
neutrophils and cultured endothelial cells of various spe-
cies.25 Polymorphonuclear leukocytes (PMNs) were sepa-
rated by mixing whole blood with 25% of a 6% dextran
(500,000 molecular weight) solution in buffered HBSS. Af-
ter the erythrocytes had sedimented (approximately 45
minutes at room temperature), the leukocyte-rich upper
phase was removed and centrifuged at 150g for 7 min-
utes at 4 C. Any remaining red blood cells in the pellet
were removed by hypotonic lysis for 30 seconds with a
small volume of distilled water. Subsequent addition of a
large volume of buffered HBSS rapidly returned these
cells to isotonicity. The suspension was centrifuged and
the preceding step repeated if the pellet contained notice-
able erythrocytes. The PMNs were counted and resus-
pended in buffered HBSS at the desired concentration.
This technique yielded 90% to 95% neutrophils by
Giemsa staining and electron microscopy. Viability was
assessed by trypan blue exclusion, resulting in > 95%
viability. Experiments involving the PMNs were completed
within 5 hours to ensure the use of healthy cells.

Adhesion Assays

PMN adhesion was monitored using a monolayer collec-
tion assay as described by Walther et al' using both coro-
nary and sheep endothelial cells. The endothelial cells
were plated in 24-well cluster dishes and allowed to grow
to confluency. Adhesion to endothelial monolayers was
determined under two experimental conditions; normoxia
(20% 02, 5% C02) and 2 hours of anoxia (95% N2, 5%
C02). PMNs were first labeled with 51Cr (10 ,uCi/107 cells;
sodium chromate, sp. act. 330 mCi/mg, New England
Nuclear, Boston, MA) for 1 hour at 4 C. The lower temper-
ature prevented aggregation of the PMNs and their adher-
ence to the sides of the incubation tube. The cells were
then rinsed in excess buffered HBSS and resuspended
at the appropriate concentration in buffered HBSS. In all
experiments the PMNs were stimulated with phorbol myri-
state acetate (PMA) (15 ng/ml) immediately before the
assay. The PMNs (2 X 1 06/ml) were then added (0.5 ml/
well) on top of the confluent monolayers of endothelial
cells in the absence or presence of Fluosol or its compo-
nents. The cells were incubated together at 37 C under
normoxic conditions in both the anoxic and normoxic cell
groups. After 15 and 30 minutes the unattached PMNs
were aspirated off and the monolayers were rinsed once
with buffered HBSS. The cells were disrupted with 0.5 ml
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Figure 1. The effect of Fluosol on percent-
age lysozyme release from unstimulated
and stimulated neutrophils is shown. A sig-
nificant reduction in enzyme release, par-
ticularly with stimulated cells, was ob-
served on cells incubated with Fluosol.
Pluronic F-68 had no significant effect on
neutrophil-lysozyme release. FMLP = For-
myl-methionyl leucine-phenylalanine. Re-
sults are expressed as mean ± SD.
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of 1 N NH40H, added to scintillation vials to which was

added 4.5 ml Aquasol (New England Nuclear), and
counted in a liquid scintillation counter. Adherence was

expressed as the percentage of cpms left in the wells as

compared to the number of cpms initially added. Due to
the daily and donor variability in PMNs, adhesion mea-

surements were normalized to controls by dividing the
percentage adherence of experimental samples by the
percentage adherence of control samples for the same

set of experiments. Control values ranged between 5.5%
to 32.5%.

To determine which cell was affected by the perfluo-
rochemical, adhesion experiments were carried out in
which either the PMNs stimulated by PMA or endothelial
cells were pretreated before carrying out the assay. The
endothelial cells were pretreated with the perfluoro-
chemical for 15, 30, or 60 minutes under normoxia imme-
diately after incubation of the cultures under normoxic or

anoxic conditions. After this incubation, the cells were

rinsed twice with buffered HBSS, and untreated 51Cr-la-
beled PMNs stimulated with PMA were added to the
monolayers. The stimulated PMNs were treated for 5 min-
utes with the perfluorochemical emulsion before incuba-
tion with endothelial cells. Adhesion was monitored as de-
scribed above. Similar experiments were carried out with
stimulated PMNs that were pretreated for 5 minutes with
the various combinations of Fluosol and its components.
Adherence was expressed in terms of an adherence ratio
normalized to control values.

Endothelial Cell Cytotoxicity

The cytotoxic effects of PMA-stimulated PMNs on endo-
thelial monolayers (normoxic and anoxic) from sheep vas-

culature were determined using a 51Cr-release assay as

STIMULUS CYTOCHALASIN B CYTOCHALASIN B
+FMLP

previously described.27-28 Confluent monolayers of endo-
thelial cells grown in 24-well cluster dishes were prela-
beled with 51Cr (10 ,iCi/ml) for 2 hours at 37 C. The cells
were then rinsed twice with buffered HBSS and studied
under normoxic and anoxic conditions. Anoxia alone did
not affect the viability of the endothelial cultures as mea-
sured by chromium release, at least for the time intervals
that we studied (maximum, 24 hours) (normoxia: 20.8
± 3.1% vs. anoxia: 19.6 ± 4.7%; n = 4). One milliliter of
PMNs with and without Fluosol was added to cultures of
endothelial cells at a concentration of 107 cells/ml, ap-
proximately 10 PMNs/endothelial cell, after the cells had
been incubated for 2 hours under anoxic or normoxic con-
ditions. At the end of 2 hours of incubation, the media was
removed and 0.5 ml of buffered HBSS was used to rinse
each well. The rinse solution for each well was combined
with the corresponding incubation media for each well
and counted in a liquid scintillation counter. The cells in
the wells were lysed with 1 N NH40H and similarly
counted. Cytotoxicity is directly proportional to the
amount of 51Cr released by the cells. Percentage release
was calculated as cpm in the rinse and media divided by
cpm in rinse and media plus cpm in remaining cells. Val-
ues were compared to control monolayers with no addi-
tion of PMNs. Detachment of endothelial cell monolayers
by anoxia or perfluorochemical treatment was excluded
by phase microscopy.

Lysozyme Release

Lysozyme enzyme release was analyzed by measuring
absorbance changes of Micrococcus lysodeikticus bac-
terial suspension as previously described.-9 Measure-
ments were made on neutrophils (2 X 106/ml) exposed
to either buffered HBSS, 20% solution of reconstructed

10F
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Table 1. NormalizedAdherence (%) ofStimulated Neutrophils to Cultured Canine
Coronary Artery Endothelial Cells

Coronary artery endothelial cells

Anoxia Normoxia

Treatment group 15 Minutes 30 Minutes 15 Minutes 30 Minutes

Control 1.0 1.0 1.0 1.0
FDA 10% 0.44 ± 0.07* 0.54 ± 0.07* 0.55 ±0.07* 0.55 ± 0.09*
FDA 25% 0.34 ± 0.03* 0.44 ± 0.04* 0.37 + 0.03* 0.42 ± 0.03*
FDA 50% 0.08 ± 0.01* 0.09 ± 0.02* 0.08 ± 0.01* 0.10 ± 0.01*

Results are normalized to controls; mean ± SD.
* P < 0.01; Control vs. FDA (perfRuorochemical).

Fluosol and 20% solution of pluronic F68 (2.7 weight/vol-
ume). In each experiment cells were stimulated with either
cytochalasin B (1 X 105), formyl-methionyl-leucyl-phenyl-
alanine (1 0-7M), or a combination of the two. Each experi-
ment had internal controls to determine total lysozyme

content after treatment with Triton-X and sonication. The
results are expressed as a percentage of the total intracel-
lular lysozyme content. We have previously validated that
Fluosol does not interfere with the assay.15

Statistical Analysis

All experiments were carried out in triplicate using at least
two different endothelial clones and three different donors
of PMNs. Student's t-test for unpaired and paired data
was used with a standard statistical package. Values
were considered different if the P value was < 0.05. The
Bonferroni correction was used when multiple compari-
sons were made.

Results

Neutrophil Proteolytic Enzyme
Release (Figure 1)

Endothelial cytotoxicity by stimulated PMN may be medi-
ated by proteolytic enzyme release. Figure 1 shows the
effect on lysozyme release by Fluosol on nonstimulated

PMNs and after incubation with cytochalasin B alone and
a combination of cytochalasin B and FMLP. A significant
reduction in neutrophil proteolytic enzyme release was

observed, particularly on stimulated cells. No significant
alteration in lysozyme release was noted with pluronic F-
68 incubation.

Effect of Fluosol on PMN-Endothelial
Adhesion (Tables 1 and 2)

Tables 1 and 2 illustrate the effect of 10%, 25%, and 50%
concentration of perfluorochemical [Fluosol DA] on neu-

trophil adherence to canine coronary and sheep lung mi-
crovasculature endothelial cells determined after 15 and
30 minutes. A marked reduction in neutrophil adherence
is observed with all three concentrations of Fluosol at both
incubation times. Neutrophil adhesion to cultured canine
coronary artery cells showed the greatest reduction with
Fluosol and was dose dependent.

Fluosol Inhibits Adherence Via an Effect on
Neutrophil (Figure 2)

Fluosol could affect PMN adherence by affecting either
the endothelial cell or the neutrophil. Therefore we deter-
mined if preincubation of endothelial cells would alter
PMN adherence. While treatment of PMN with a 25% solu-
tion of Fluosol for 5 minutes significantly reduced neutro-

Table 2. NormalizedAdherence ofStimulated PMNs to Sheep LungMicrovascularEndothelial Cells

Anoxia Normoxia

Treatment group 15 Minutes 30 Minutes 15 Minutes 30 Minutes

Control 1.0 1.0 1.0 1.0
FDA 10% 0.69 ± 0.93* 0.84 ± 0.02* 0.73 ± 0.04* 0.88 ± 0.08*
FDA 25% 0.72 ± 0.05* 0.66 ± 0.07* 0.64 ± 0.09* 0.85 ± 0.04*
FDA 50% 0.64 ± 0.08* 0.62 ± 0.04* 0.59 ± 0.1 1 * 0.85 ± 0.93*

Results are normalized to controls; mean ± SD.
* P < 0.01; Control vs. FDA (perfluorochemical).
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Figure 2. Neutrophil adherence expressed
as normalized values on small- and large-
vessel sheep endothelial cells is shown. Ei-
ther neutrophils (PMN's) or endothelial
cells were pretreated with a 25% concen-

tration ofFluosol. Note that decreased ad-
herence was only observed when stimu-
lated neutrophils were exposed to Fluosol,
suggesting that the predominant effect of
perfluorochemical is on the neutrophil. Re-
sults are expressed as mean ± SD.
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phil adherence (1.0% vs. 0.61% ± 0.07%; P < 0.05), pre-

incubation of endothelial cell with a similar concentration
for 15, 30, and 60 minutes failed to alter adhesion. These
results suggest that the reduced adherence of neutrophils
to endothelial cells by Fluosol is mediated primarily
through its action on the neutrophil.

Effect of Perfluorochemical Components on
PMN-Endothelial Adhesion

Figure 3 demonstrates the effects of the specific compo-
nents and/or combinations of Fluosol in a concentration
analogous to a 10 and 50 volume/percentage solution on
neutrophil-endothelial interaction. All components were

evaluated under conditions of normoxia and anoxia as de-
fined above. No effects were seen with glycerol, phospho-
lipids, or pluronic F68. A significant reduction in adher-
ence was found with both perfluorocarbons, perfluorotri-
propylamine and perfluorodecalin, which was most
striking with the 50 volume/percentage Fluosol concen-

tration.

Endothelial Cell Cytotoxicity

The effects of a 10%, 25%, and 50% concentrations of
Fluosol on endothelial cytotoxicity under conditions of
normoxia and anoxia with stimulated neutrophils are

shown in Figure 4. Endothelial cytotoxicity was only ob-
served when stimulated PMNs were added to endothelial
cells that had been exposed to a 90-minute period of hyp-
oxia. All concentrations of Fluosol significantly reduced
endothelial cytotoxicity under anoxic conditions for both
large- and small-vessel endothelial cells.

15 30 60 ±5 ' 15 30 60
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PRETREATMENT IN MINUTES

Discussion

Present Study

This study demonstrates that the perfluorochemical Fluo-
sol-DA significantly reduces adherence of stimulated neu-

trophils to endothelial cells under both normoxic and an-

oxic conditions. A discrepancy was observed between
the percentage adherence of neutrophils to canine and
sheep endothelial cells. This may represent an increased
sensitivity of canine endothelial cells or may be related to
a difference between cells based on the size of the vessel
from which they were isolated. Stimulated neutrophils pre-
treated with Fluosol were less cytotoxic to endothelial
cells that had been primed by 2 hours of anoxia. The fail-
ure to observe endothelial cell injury under normoxia is in
accordance with previous observations from our labora-
tory that have demonstrated that endothelial cytotoxicity
occurs under normoxic conditions only when large num-

bers of neutrophils are added or when the defense mech-
anisms of the endothelial cell have been compromised.19

Previous studies have demonstrated that a 50% con-

centration of Fluosol significantly reduced neutrophil ad-
herence to plastic surfaces and nylon wool columns.1630
Because these substances are unphysiologic, this adhe-
sion would be considered a nonspecific reaction. In addi-
tion, a 50% concentration of Fluosol is considerably
higher than could be expected to have been achieved in
our in vivo canine study.15 Experiments performed in this
study provide further insights into the mechanism of ac-

tion of perfluorochemical in modifying neutrophil-endothe-
lial interactions. We have previously shown that Fluosol
failed to scavenge reactive oxygen species using a xan-

thine-xanthine oxidase system.31 Preincubation of endo-
thelial cells with various concentrations of Fluosol did not
reduce neutrophil adherence. These findings, in associa-
tion with a significant reduction in lysozyme release by
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* p<O.Ol vs Control

F-68 F-68+ F-68+ F-68+ F-68+ F-68+
PL GLY GLY+ GLY+ GLY+

PL PFTP PFD

Figure 3. Adherence of neutrophils to cultured endothelial
cells treated with various perjluorochemical components in a
10 volume % (upper panel) and 50 volume % (lower panel)
concentration is illustrated. Adherence was studied under
both normoxia and anoxia. A significant reduction in adher-
ence is observed only when neutrophils stimulated with PM
were treated with theperfluorocarbons, perjluorodecalin, and
perjluorotripropylamine, and this was observed under both ex-
perimental conditions. Adherence was more strikingly re-
duced with the higher Fluosol concentration. F68 = Pluronic
F68; GL Y = Glycerol; PL = yolk phospholipids; PFD = Perfluo-
rocdecalin; PFTP = Perfluorotripropylamine. Results are ex-
pressed as mean ± SD.

neutrophils preincubated with Fluosol, supports the hy-
pothesis that its primary effect is modulation of various
neutrophil functions. Therefore, Fluosol may not only pre-

vent neutrophils from accumulating at sites of ischemic
myocardium but would also inhibit the release of proteo-
lytic enzymes and reactive oxygen species by cells al-
ready present in the area.15'30 Because perfluorochemical
is a complex emulsion, we investigated the effects of its
various components on neutrophil adherence. The two
perfluorochemicals, perfluorodecalin and perfluorotripro-
pylamine, demonstrated the most profound effect on neu-

trophil adherence, especially under anoxic conditions. No
effects were seen with any of the other components, in-
cluding the detergent pluronic F68.

Metabolic Function of Endothelium

The high metabolic activity and the large surface area oc-
cupied by endothelial cells in the heart suggests that they
play an important role under various physiologic and
pathologic conditions.1' 2 Endothelial cells regulate vascu-
lar smooth muscle tone by secreting a number of vasodi-
latory compounds such as endothelial-derived relaxation
factor (EDRF), adenosine, and prostacyclin.1-5 The endo-
thelium also prevents mechanical plugging of the micro-
circulation by producing anticoagulants (tissue plasmino-
gen activator, heparinoids) and substances that inhibit
platelet aggregation and thromboxane release (adeno-
sine, prostacyclin).13'32 Recent evidence highlights the
importance of the endothelium in modulating local in-
flammatory and immune responses.9 The plasmalemma
of these cells contains a negative glycocalyx that limits
neutrophil adherence.9 Coronary endothelial cells contain
large quantities of adenosine, which both reduces super-
oxide anion production by stimulated neutrophils and in-
hibits neutrophil adherence and cytotoxicity to cultured
cells.2'334 Prostacyclin and cyclic AMP also may modu-
late neutrophil-endothelial interaction under inflammatory
conditions.1'22 Therefore depletion of endogenous anti-in-
flammatory mediators produced by endothelial cells by
ischemia may contribute to increased neutrophil accumu-
lation after reperfusion.

Mechanisms of Endothelial Cell Injury

Myocardial ischemia probably induces changes in cellular
membranes that result in amplification of neutrophil-en-
dothelial interactions after reperfusion.35'6 Neutrophil ad-
herence, the initial essential step in the inflammatory re-
sponse, is augmented by hypoxic endothelial cell injury
in vitro.37 The importance of neutrophil adhesion in the
inflammatory response after reperfusion is suggested by
the observation that infarct size is significantly reduced in
animals infused with a monoclonal antibody to neutrophil
adhesive antigen.38 Monokines induce the expression of
antigens on endothelial cell surface, which increase neu-
trophil adherence.39 Neutrophils become activated during
ischemia by exposure to various chemotactic stimuli such
as complement, leukotrienes, platelet-activating factor,
and reactive oxygen species.6'9 Depletion of anti-inflam-
matory mediators and free radical scavenging enzymes
during ischemia would be exacerbated by washout at re-
perfusion, further enhancing neutrophil accumulation. Ac-
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LARGE VESSEL

Figure 4. Endothelial cytotoxicity deter-
mined by chromium release was measured
on endothelial cells under normoxic con-
ditions and under normoxic and anoxic
conditions with the addition ofPMN-stimu-
lated neutrophils. Note that endothelial cy-
totoxicity was only observed when stimu-
lated neutrophils were added to untreated
(Un-Rx) cells that had been exposed to an-
oxia. All concentrations of Fluosol pre-
vented neutrophil-mediated damage to
cultures exposed to anoxia. Results are ex-
pressed as mean ± SD.
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tivated neutrophils produce a number of compounds ca-
pable of producing vascular injury, including hypochlo-
rous acid formed by myeloperoxidase, various proteolytic
enzymes, and reactive oxygen species.9"'0-27-40 Both elas-
tase and reactive oxygen species induce endothelial cy-
totoxicity in vitro.2740 Leukotrienes released by neutro-
phils would enhance chemotaxis and endothelial adhe-
sion of other neutrophils and increase the inflammatory
response in an exponential manner.84'

Comparison with In Vivo Studies

Histologic findings in animal models of ischemia and re-
perfusion support the hypothesis that neutrophils play a
role in mediating microvascular damage.4-3' In contrast
to permanent occlusion, reperfusion results in a rapid in-
flux of neutrophils into the ischemic zone, associated with
accelerated endothelial and neutrophil plugging and dam-
age of capillary lumens.14'35 We have demonstrated that
both intracoronary and intravenous administration of Fluo-
sol significantly reduces neutrophil infiltration and endo-
thelial cell structural changes in a canine preparation of
reperfusion and this was associated with significant myo-
cardial salvage compared to control animals.12-15 Endo-
thelial-dependent vasodilatory reserve was significantly
preserved in treated animals 1 hour after reperfusion both
in vivo and in vitro.14 This laboratory and others have pre-
viously shown that Fluosol reduces neutrophil chemo-
taxis, adherence, and superoxide production in vitro.1630
Neutrophils removed from animals treated with intrave-
nous perfluorochemical before reperfusion manifest a
marked suppression of chemotaxis and lysozyme release
ex vivo.15

SMALL VESSEL
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Anoxia was used in this study to simulate the in vivo
experimental studies. Previously we have shown that vari-
ous durations of anoxia resulted in a continual decline in
endothelial production of tissue plasminogen activator
and enhanced production of plasminogen activator inhibi-
tor (PAI) compared to normoxic conditions.42 However,
48 hours of anoxia did not affect cell viability as measured
by chromium release. Neutrophil-mediated endothelial in-
jury occurred in the present study when cells had been
exposed to a period of anoxia. These findings suggest
that depletion of endogenous anti-inflammatory media-
tors such as adenosine, reduction in antioxidant en-
zymes, and/or expression of endothelial-leukocyte adhe-
sion molecules may play a role in the pathogenesis of
vascular injury. The present study provides further evi-
dence that perfluorochemicals prevent endothelial cyto-
toxicity via their anti-neutrophil actions. Marked inhibition
of neutrophil adherence was observed even with low con-
centrations of Fluosol and this was associated with re-
duced proteolytic enzyme degranulation. Because other
cellular elements and plasma components that modify
neutrophil-endothelial interactions were absent in this sys-
tem, further studies are required to determine the exact
mechanism through which Fluosol affects vascular inter-
actions.

Implications

Uncontrolled neutrophil activation has been implicated in
the pathogenesis of numerous clinical processes, includ-
ing myocardial reperfusion injury. We and other research-
ers previously have shown that anti-neutrophil agents sig-
nificantly enhance myocardial salvage after reperfusion.
This study provides further evidence that Fluosol inhibits

rl,
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vascular damage by reducing both adherence of neutro-
phils to damaged endothelial cells and inhibiting degranu-
lation. Infusion of perfluorochemical may be a useful phar-
macologic agent for reducing inappropriate neutrophil ac-
tivation after successful myocardial reperfusion.
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