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The relationship between neutrophils and increased
microvascular permeability in a model of myocardial ischaemia
and reperfusion in the rabbit
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1 "'In-labelled neutrophils and '25I-labelled albumin were used to measure neutrophil accumulation
and microvascular plasma protein leakage in the ischaemic/reperfused myocardium of anaesthetized
rabbits.
2 A period of 30min coronary artery occlusion followed by 3 h reperfusion resulted in an increase in
both "'In and 1251 counts in the area at risk (AR) of the myocardium.
3 Pretreatment of "'In-neutrophils in vitro with monoclonal antibody 60.3 directed against the CD18
antigen on neutrophils, followed by intravenous administration, significantly suppressed their accumula-
tion into the AR myocardium.
4 Depletion of circulating neutrophils by use of anti-neutrophil serum or mustine hydrochloride did not
affect plasma protein leakage into the AR myocardium.
5 Administration of the platelet activating factor (PAF) antagonist WEB 2086 (lOmgkg- 1, i.v.) had no

effect on the accumulation of"1 'In-neutrophils or on plasma protein leakage in the AR myocardium.

Introduction

Myocardial tissue which has undergone a period of ischaemia
displays characteristic signs of an acute inflammatory
response (Sommers & Jennings, 1964; Lucchesi & Mullane,
1986). Among the early events characterizing this response are
neutrophil infiltration (Fishbein et al., 1978; Engler et al.,
1983; Mullane et al., 1984) and oedema formation (Sommers
& Jennings, 1964; Reimer & Jennings, 1979; Mullane et al.,
1984). Reports that depletion of circulating neutrophils is
associated with a reduction in myocardial infarct size
(Romson et al., 1983; Mullane et al., 1984) have stimulated
increased interest in this aspect of the inflammatory response.
However, the amount of oedema formation has also been
shown to influence the size of the infarct (Reimer & Jennings,
1979). Thus interventions which affect oedema formation may
also have an apparent effect on infarct size.
The evidence that neutrophils have a deleterious effect on

infarcted myocardium comes from experimental studies
showing a protective effect when agents such as anti-
neutrophil serum (Romson et al., 1983), ibuprofen (Romson et
al., 1982) and prostacyclin (Simpson et al., 1987) are used. An
alternative approach is to block the neutrophil surface adhe-
sion glycoprotein complex, CDtlb/CD18. There is evidence
that this complex is involved in the adherence of the neutro-
phil to the vascular endothelium (Pohlman et al., 1986; Wallis
et al., 1986), which is the first stage in local neutrophil accu-
mulation in response to inflammatory stimuli. A monoclonal
antibody 60.3, which binds to an epitope on CD18, has been
found to be effective in inhibiting extravascular migration of
neutrophils in response to chemoattractants when given sys-
temically (Arfors et al., 1987) or when used to pretreat "11In-
neutrophils in vitro before intravenous injection into recipients
(Rampart & Williams, 1988; Nourshargh et al., 1989). In the
study described here we have used the latter method to
examine whether this adhesion glycoprotein is important in
the infiltration of neutrophils into ischaemic/reperfused myo-
cardium of anaesthetized rabbits.

In a model of intestinal ischaemia and reperfusion,
increased microvascular permeability was found to be depen-
dent on circulating neutrophils (Hernandez et al., 1987). We
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have previously shown that plasma protein leakage in
response to certain chemoattractants such as the complement-
derived peptide C5a, leukotriene B4 (LTB4) and N-formyl-
methionyl-leucyl-phenylalanine (FMLP) is also dependent on
circulating neutrophils (Wedmore & Williams, 1981a). In the
study described here we have used a rabbit model of myocard-
ial ischaemia and reperfusion to examine whether a similar
relationship between neutrophils and oedema can be demon-
strated in the heart using anti-neutrophil serum or mustine
hydrochloride to cause systemic neutrophil depletion. In addi-
tion we have also considered whether platelet activating factor
(PAF), which causes oedema formation by a neutrophil-
independent mechanism (Wedmore & Williams, 1981b) could
have a role in this situation by using the potent PAF antago-
nist WEB 2086.

Methods

"'In-labelling ofrabbit neutrophils

The method used for labelling neutrophils was as previously
described (Rampart & Williams, 1988). Briefly the method was
as follows. Male specific pathogen-free, New Zealand White
rabbits (2.5-3.5 kg) were anaesthetized with sodium pento-
barbitone (30mgkg-1, i.v.). Blood was collected into acid
citrate dextrose and red blood cells removed by centrifuge-
facilitated sedimentation with hydroxyethylstarch (3% final
concentration). Leukocytes were separated from platelets by
further centrifugation and removal of platelet rich plasma.
The white blood cell pellets were resuspended in a minimum
volume of autologous citrated plasma and applied to a two
layer discontinuous Percoll-plasma gradient (3 ml of 50%
Percoll layered over 3 ml of 69% Percoll). Neutrophils (>90%
pure) were harvested from the 50-69% Percoll interface. Cells
(3.5-5.0 x I07 in 1.2-1.5 ml) were incubated for 15 min at
room temperature with "InCI3 (50-200,uCi) chelated with
2-mercaptopyridine-N-oxide (40ug in O.1ml of 50mM phos-
phate buffered saline). Labelled cells were then washed three
times in autologous plasma and resuspended in a volume of
3 ml of plasma for intravenous injection into recipient animals.
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Coronary artery occlusion and reperfusion in
anaesthetized rabbits

Male specific pathogen-free, New Zealand White rabbits (2.5-
3.5 kg) were anaesthetized initially with Hypnorm
(0.3 ml kg- 1, i.m) followed by diazepam (0.5mg kg- 1, i.v).
Anaesthesia was maintained thereafter with sodium pentobar-
bitone. Animals were intubated and received positive pressure
ventilation with room air (32 strokes min 1, 21 ml stroke
volume). A central ear artery was cannulated to allow the
measurement of arterial blood pressure and a lead I electro-
cardiogram recorded from surface electrodes. A left thora-
cotomy was performed at the 5th intercostal space and the
heart exposed through the pericardium. A silk ligature
(mersilk 6/0) was positioned around a branch of the left cir-
cumflex coronary artery, and a piece of polythene tubing tied
down over the artery. The occlusion was maintained for
30 min after which the ligature was cut and reperfusion
allowed for 3h. In the case of sham occlusions the ligature
remained in place but was not tied.

Measurement of'1 'In-neutrophil accumulation and
plasma protein leakage in ischaemic/reperfused
myocardium

Oedema formation and neutrophil accumulation were mea-
sured as the accumulation of '25I-human serum albumin and
"'In-labelled neutrophils respectively. 125I-albumin was
administered intravenously 15min prior to coronary artery
occlusion at a dose of 15 pCi when "'In was present, or 5 pCi
in its absence. "In-neutrophils were also administered intra-
venously, 15 min before occlusion.
At the end of the reperfusion period an arterial blood

sample was collected, for measurement of "'In and 1251
counts in blood and plasma. The coronary artery was reoc-
cluded and Evans blue dye (2mlkg-' of a 2.5% solution in
saline) administered intravenously, thereby staining perfused
myocardium blue and leaving the area at risk unstained.
Animals were killed with an overdose of sodium pentobarbi-
tone and the heart removed. The left ventricle was dissected
free and sliced transversely into 6 sections of equal thickness.
Each section was divided into normal tissue (NZ) and area at
risk (AR) on the basis of staining with Evans blue dye. The
tissue samples were weighed and the 1251 and 11'In counts
measured in a multiwell gamma counter (LKB 1260 multi-
gamma 2). The ratio of "'In counts per neutrophil was calcu-
lated and from this the number of labelled cells per g tissue
determined. The volume of plasma in tissue samples was
determined by dividing the number of 1251 counts by those in
1 p1 of plasma. Data are expressed as the % increase in the
plasma volume and the number of "'In-neutrophils per g of
tissue in the AR compared to the NZ in each animal. Results
are shown as the mean % increase + s.e.mean for each group.
From the blood sample taken at the end of the experiment the
% of circulating "'In-neutrophils and the % of "'In plasma
counts present were determined. In the control groups at the
end of the reperfusion period 27.4 + 4.1% (mean + s.e.mean)
of the injected '1'In was circulating with blood cells. The % of
total 11'In counts in the blood which were present in plasma
was 6.1 + 1.0. The size of the AR as a % of the left ventricle
was also determined in each experiment as

weight of unstained tissue x 100
weight of left ventricle

"'In-labelling of rabbit red blood cells

Experiments were carried out to determine whether ischaemia
and reperfusion of the myocardium resulted in an alteration of
intravascular blood volume. Red blood cells labelled with
"'In were administered at the end of the reperfusion period.

The isolation and labelling procedure was as follows. A 9ml
blood sample was collected into acid citrate dextrose 2 h after
reperfusion. Centrifugation at 300 g followed by a wash of the
pellet in phosphate-buffered saline, resulted in a suspension of
red blood cells >95% pure. These were incubated with "'In
as described above. The cells were then washed to remove
unbound "'In, resuspended in autologous plasma and
administered intravenously 10min before the end of the
experiment.

Monoclonal antibody 60.3 pretreatment

"'In-labelled neutrophils were washed twice, resuspended in
1.5 ml of autologous citrated plasma and incubated for 25 min
either in the presence or absence of the murine monoclonal
antibody 60.3 (132,pg per 4 x 107 cells). Neutrophils (test and
controls) were subsequently washed once more in plasma,
resuspended in plasma in a volume of 3 ml and injected intra-
venously.

Depletion of circulating neutrophils

Neutrophil depletion was carried out by two different
methods, either pretreatment with mustine hydrochloride or
administration of an anti-neutrophil serum. Mustine hydro-
chloride (1.75mgkg-'), or saline in the case of controls, was
administered intravenously and animals used 4 days later for
coronary artery occlusion and reperfusion experiments when
circulating numbers of neutrophils were < 6% of normal.
A polyclonal antiserum to rabbit neutrophils was raised in

sheep by a method adapted from Knicker & Cochrane (1965).
The IgG fraction was prepared by use of caprylic acid
(Steinbuch & Audran, 1969), followed by precipitation with
ammonium sulphate and extensive dialysis against saline. This
was administered intravenously (0.5mlkg'1) 20min before
coronary artery occlusion and the dose repeated at 90min
intervals. Neutrophil counts were reduced to <10% of
normal using this procedure. Control animals received the
IgG fraction of a pre-immune sheep serum. Blood samples
were taken prior to treatment with mustine or anti-neutrophil
serum and at intervals during the experimental procedure in
order to monitor numbers of circulating neutrophils and other
leukocytes. Both of these techniques abolished local oedema
responses induced by intradermal injection of chemoattrac-
tants as previously described (Wedmore & Williams, 1981a).

Treatment with the PAF antagonist WEB 2086

Ten minutes prior to occlusion WEB 2086, 3-[4-(2-chloro-
phenyl) - 9 - methyl - 6H - thieno[3,2 - f][1,2,4]triazolo - [4,3-a] -
[1,4]-diazepine-2-yl]-1-(4-morpholinyl)-1-propanone (10mg
kg-') or in the case of controls the solvent (acidified
saline pH 6) was administered intravenously. Upon initiation
of coronary artery occlusion a constant infusion of WEB 2086
(1.3 mgkg-' h-') or an equivalent volume of saline was
started and maintained until the end of the experiment. At the
end of some experiments, from both treated and control
groups, PAF (1 pg) was administered as a bolus intravenously
and blood pressure monitored for 1 min. In a separate experi-
ment intravenous WEB 2086 (lOmgkg-'), was tested against
'25I-albumin leakage (30min) induced by intradermally-
injected (dorsal skin) PAF and bradykinin, each with a poten-
tiating dose of PGE2.

Statistical analysis

Experimental results are expressed as the mean + s.e.mean.
Fisher's exact probability test was used for the analysis of dif-
ference in the incidence of arrhythmias. Paired or unpaired
Student's t test or analysis of variance were used as appropri-
ate to analyse differences within groups. A P value of < 0.05
was considered significant.
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Materials

Bradykinin, FMLP, PGE2 and 2-mercaptopyridine N-oxide
were purchased from Sigma Chemical Company, Poole,
Dorset. Evans blue dye was purchased from BDH, Poole,
Dorset. Hydroxyethyl starch (Hespan) was purchased from
American Hospital Supply, Didcot, Oxfordshire. Percoll was
purchased from Pharmacia Ltd, Milton Keynes, Buck-
inghamshire. "'InCl3 and '25I-human serum albumin were
purchased from Amersham International, Amersham, Buck-
inghamshire. PAF was purchased from Bachem, Bubendorf,
Switzerland. Mustine hydrochloride was purchased from the
Boots Company, Nottingham, Nottinghamshire.

Results

Measurement of neutrophil accumulation and plasma
protein leakage in ischaemic/reperfused myocardium

The aim of this study was to examine neutrophil accumula-
tion and plasma protein leakage in myocardial tissue in
response to a period of ischaemia followed by reperfusion.
These were measured as the % increase in "'In-neutrophils
and '25I-albumin in the area at risk myocardium (AR) com-
pared with normal myocardium (NZ). For this study a period
of 30min coronary artery occlusion followed by reperfusion
for 3 h was selected, which resulted in a substantial increase in
both "'In-neutrophils and 125I-albumin in the AR (Figure 1).
In sham occluded controls in which the AR was similar
(20.5 + 2.6% vs 20.9 + 1.1% in sham and test animals respec-
tively, n = 5) there was no increase in "'In or 1251 counts
compared with the NZ (Figure 1). In histological sections (not
shown) it could be seen that neutrophils were present within
the vasculature and in the extravascular space.

In order to validate the model it was necessary to preclude
alterations in the intravascular volume from contributing to
these changes in the AR. Red blood cells labelled with "'In
were administered intravenously at the end of the reperfusion
phase, whilst '251-albumin was used to measure plasma
protein leakage as before. Whilst there was an increase in
'25I-albumin in the AR of 140 + 34% the intravascular
volume as measured by "'In-red blood cells was decreased
by 22 + 6%. This indicates that the increased 1251 counts
observed in the AR are due to leakage of '25I-albumin from
coronary microvessels and not to an increase in intravascular
blood volume.
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Role ofadhesion glycoproteins in neutrophil infiltration
into ischaemic/reperfused myocardium

The effect of a monoclonal antibody directed against the
CD18 antigen of leukocytes was examined to see if neutrophil
infiltration into ischaemic myocardium was dependent on the
CD1 1/CD18 adhesion glycoprotein complex. For these
experiments neutrophils labelled with "'In were incubated
with the monoclonal antibody prior to intravenous injection
into the recipient animal. The number of "'In-neutrophils
(mean + s.e.mean) administered was 3.8 + 0.3 x 10i control
and 4.1 + 0.3 x 107 60.3-treated cells. Treatment of "'In-
neutrophils with MoAb 60.3 did not affect their ability to cir-
culate: the mean number of labelled cells per ml of blood at
the end of the experiment was 3.3 + 0.8 x 10' in controls vs.
3.1 + 0.6 x 10' in test animals. The AR myocardium was also
similar for the control and MoAb 60.3 groups (20.9 + 2.0%
vs. 20.1 + 1.1% respectively). However the accumulation of
"'In-neutrophils in the AR myocardium was markedly
attenuated following incubation with MoAb 60.3 (Figure 2,
P < 0.01). Antibody treatment of cells had no effect on plasma
protein leakage in the myocardium (labelled cells account for
only about 3% of the circulating neutrophils).

Relationship between neutrophil accumulation and
microvascular plasma protein leakage in the ischaemic
myocardium

Two methods of neutrophil depletion were employed,
pretreatment with mustine or acute administration of
anti-neutrophil serum. Both procedures abolished oedema for-
mation induced by chemoattractants injected intradermally
(results not shown). The number of circulating neutrophils
was markedly reduced in both treatment groups (Table 1).
However, administration of anti-neutrophil serum or mustine
was without effect on the leakage of plasma protein in the AR
myocardium (Table 1). Thus neutrophils do not appear to be
involved in plasma protein leakage in myocardium following
ischaemia and reperfusion.

Effect ofa PAF antagonist WEB 2086 on plasma protein
leakage and "'In-neutrophil accumulation

Since the oedema formation did not appear to be a
neutrophil-mediated event we investigated a mediator of
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Figure 1 Percentage increase (+s.e.mean shown by vertical bars) in
(a) plasma protein leakage and (b) "'.In-neutrophil accumulation into
the area at risk compared with normal myocardium following 30min
coronary artery occlusion and 3 h reperfusion. In 'sham' occluded
animals (open columns) the ligature was not tied; animals undergoing
30min occlusion (stippled columns); n = 5 for both groups.
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Figure 2 Percentage increase (± s.e.mean shown by vertical bars) in
(a) plasma protein leakage and (b) "'In-neutrophil accumulation in
the area at risk compared with normal zone following 30min coro-
nary artery occlusion and 3 h reperfusion. "'In-neutrophils were
incubated either in the presence (stippled columns) or absence (open
columns) of the monoclonal antibody 60.3 before administration in
vivo; n = 5 for both groups.

-I



732 F.M. WILLIAMS et al.

Table 1 Effect of anti-neutrophil serum and mustine on white blood cell (wbc), neutrophil counts (neut) and % increase in "25I-labelled
albumin in AR myocardium

Treatment

Pre-immune serum

Anti-neutrophil serum

Saline control
Mustine

Pre-occlusion
wbc ml -I neut ml-'
(x 106) (x 106)

4.62 + 1.10
1.48 + 0.27*

4.31 + 1.03
1.71 + 0.10*

1.84 + 0.62
0.11 0.03*

1.17 + 0.23
0.07 + 0.02**

Reperfusion (3 h)
wbc ml'1 neut ml-'
(x 106) (x 106)

5.15 + 0.71
2.41 + 0.27**

5.30 + 0.57
2.49 + 0.77*

3.39 + 0.63
0.35 + 0.10**

3.07 ± 0.42
0.19 ± 0.12**

n = 5 rabbits/group. * P < 0.05; ** P < 0.01 for pre-immune serum vs anti-neutrophil serum, or saline vs mustine at the appropriate
time.
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Figure 3 Percentage increase (± s.e.mean shown by vertical bars) in
(a) plasma protein leakage and (b) "'In-neutrophil accumulation in
the area at risk compared with normal zone following 30min coro-
nary artery occlusion and 3 h reperfusion. Animals received
10mgkg-1 WEB 2086 then an infusion of 1.3mgkg-'h-1 (stippled
columns), or the solvent (acidified saline) in the case of controls (open
columns); n = 6 for both groups.

increased microvascular permeability that acts independently
of neutrophils in the rabbit, i.e. PAF. For these studies a

recently developed, potent PAF antagonist WEB 2086 was
used. The AR for the two groups of rabbits was similar
(22.2 + 2.8% for controls vs. 24.5 + 2.1% for the group recei-
ving WEB 2086). As shown in Figure 3, WEB 2086 had no

effect on plasma protein leakage in the AR myocardium.
Accumulation of "'In-neutrophils into the AR was likewise
unaffected by this treatment (Figure 3). The dose of WEB
2086 used inhibited plasma protein leakage in the skin in
response to intradermal PAF (Table 2). Furthermore adminis-

Table 3 Blood pressure and heart rate in rabbits under-
going 30min coronary artery occlusion followed by reper-
fusion

Time

Pre-occlusion
Occlusion (3 min)
Reperfusion (30min)
Reperfusion (3 h)

Blood pressure Heart rate
(mmHg) (beats minm-)

72+4
56 + 5*
60 ± 6*
55 + 7

255 + 9
260 + 25
265 + 25
309 + 32

Values are mean + s.e.mean.
n = 5 rabbits/group; * P < 0.05.

tration of 1 ug PAF i.v. at the end of the experiment caused a
fall in blood pressure of 21 + 3 mmHg in controls compared
with 2 + mmHg in animals receiving WEB 2086 (n = 3),
indicating that adequate blockade of PAF receptors was still
present. The results suggest that PAF is not involved in either
oedema formation or neutrophil accumulation in the model
employed.

Blood pressure and heart rate measurements and
disturbances of cardiac rhythm

Occlusion of the left circumflex coronary artery resulted in a

fall in mean arterial blood pressure from 72 + 4mmHg to
56 + 5 mmHg (n = 5, P < 0.05) but did not affect heart rate
(Table 3). Blood pressure and heart rate measurements were

comparable in all control and treatment groups. The inci-
dence of severe ventricular arrhythmias was fairly low in all of
the control groups, i.e. the incidence of ventricular fibrillation
ranged from 14%-37.5%. This reflects the relatively small size
of the AR. There was no significant alteration in the incidence
of arrhythmias with any of the treatments used.

Table 2 The effect of WEB 2086 (10mgkg-1, i.v.) on

leakage of "25I-albumin in response to platelet activating
factor (PAF) or bradykinin (BK) in rabbit skin

Dose of mediator
(mol per site)

PAF 10-11
PAF 101o
PAF 10-9
BK 1010

% change in '25I-albumin
Pre-treatment Post-treatment

+100
+ 200
+293
+496

-17
-18
+13
+ 332

Results are expressed as the % change in '25I-labelled
albumin counts in skin sites in response to intradermal
administration in a volume of 0.1 ml of PAF or BK com-

pared with that caused by saline prior to or following admin-
istration of WEB 2086. Prostaglandin E2 (3 x 1010 mol per
site) was co-administered with all mediators. Results are
expressed as the % increase over baseline for 6 sites.

Discussion

Myocardial tissue which has undergone acute infarction
exhibits a number of features which are characteristic of an
acute inflammatory response, including tissue oedema, an

early neutrophil infiltration and a later monocyte/lymphocyte
infiltration (Mallory et al., 1939; Sommers & Jennings, 1964;
Fishbein et al., 1978). In this study we have used a model of
temporary coronary artery occlusion and reperfusion to
examine two early features of the response, tissue oedema and
neutrophil infiltration. Initial studies indicated that a 30min
period of coronary artery occlusion followed by 3 h of reperfu-
sion elicited a substantial increase in "'In-neutrophils and
"25I-albumin in the AR, which was not a consequence of
increased intravascular volume.

Incubation of 1'In-neutrophils with MoAb 60.3 proved
highly effective in suppressing their accumulation into myo-

% increase
in 125ji
albumin

78 + 9
80+25

91 + 13
90+ 16

b
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cardium with ischaemic/reperfusion injury. Previous studies
have shown that this antibody binds to a functional epitope of
the CD18 glycoprotein inhibiting functions such as chemo-
taxis, aggregation and stimulated adhesion to endothelial
monolayers in vitro (Harlan et al., 1985; Wallis et al., 1986).
Accumulation of neutrophils in response to intradermal
administration of inflammatory mediators is also inhibited by
systemic administration of this antibody (Arfors et al., 1987).
Neutrophils incubated with MoAb 60.3 in vitro and then
administered intravenously in vivo also fail to accumulate in
response to intradermally-injected chemotactic mediators
(Rampart & Williams, 1988; Nourshargh et al., 1989). We
have used this in vitro incubation procedure in the present
study. The reduced accumulation of "lIn-neutrophils into
ischaemic/reperfused myocardium was not a result of any
effect of the antibody on the ability of the cells to circulate.
Our results therefore demonstrate that accumulation of neu-
trophils in infarcted myocardium is dependent on the CD18
adhesion glycoprotein. The mechanisms by which CD18
modulates neutrophil adhesion have not been fully elucidated
so far. It has been shown that increased expression of CD18 is
not necessary for increased neutrophil adhesion in vitro
(Vedder & Harlan, 1988; Buyon et al., 1988; Philips et al.,
1988) or neutrophil accumulation in the skin in vivo
(Nourshargh et al., 1989). Our results support these findings,
since in vitro incubation with MoAb 60.3 would only be
expected to block basally expressed CD18 and not interfere
with further expression in vivo.
The mechanisms involved in increased coronary micro-

vascular permeability in infarcted myocardium have not been
determined. It has been suggested, however, that neutrophils
may be involved (Engler et al., 1986). This was based on the
observation that the increase in myocardial tissue water was
correlated with the density of neutrophils present in the tissue
following a period of ischaemia and reperfusion. We were
interested in exploring this possibility further in the light of
studies in a skin model of inflammation, in which tissue
oedema in response to chemoattractant mediators was found
to be dependent on circulating neutrophils (Wedmore & Wil-
liams, 1981a). Treatment of the tttIn-neutrophils in vitro with
MoAb 60.3 had no effect on plasma protein leakage in AR
myocardium. However, these cells only contribute approx-
imately 3% to the recipients' total circulating neutrophil
population and would therefore have negligible effect on func-
tion. In order to examine whether there was a relationship
between neutrophils and oedema formation in the heart, the
effect of systemic depletion of circulating neutrophils was
examined in this model. Leakage of plasma proteins into the
AR myocardium was completely unaffected by neutrophil

depletion. These findings indicate that a neutrophil-dependent
mediator of increased vascular permeability is not involved in
this model. These results differ from those obtained with a
model of intestinal ischaemia and reperfusion in the cat
(Hernandez et al., 1987). In that study increased microvascular
permeability was found to be dependent on circulating neu-
trophils. Apart from the difference in species and tissue there
are other differences which might possibly contribute e.g.
duration of ischaemia and reperfusion.

There are also certain mediators of increased vascular per-
meability which are neutrophil-independent. One of these is
PAF (Wedmore & Williams, 1981b). The presence of this
phospholipid has been detected following reperfusion of the
ischaemic isolated heart of the rabbit (Montrucchio et al.,
1989). Furthermore, a PAF antagonist, CV6209, has been
reported to attenuate the increased vascular permeability
induced by global ischaemia in the rat isolated perfused heart
(Stahl et al., 1988). In the present study, however, pretreatment
with a potent and selective PAF antagonist, WEB 2086, had
no effect on either plasma protein leakage or on lIn-
neutrophil accumulation into AR. The dose of compound
used was, however, sufficient to abolish plasma protein
leakage in the skin in response to intradermally-injected PAF
and also the hypotensive response following intravenous
administration of PAF. From these results we conclude that it
is unlikely that PAF has a role in mediating either plasma
protein leakage or neutrophil accumulation in response to
ischaemia in this model.

In conclusion, we have shown that a period of ischaemia
followed by reperfusion in rabbit myocardium results in
plasma protein leakage which is independent of circulating
neutrophils and unaffected by systemic administration of a
PAF antagonist WEB 2086. Neutrophil infiltration into the
ischaemic myocardium is also unaffected by the PAF antago-
nist but is markedly attenuated by incubation of the cells with
MoAb 60.3 prior to administration in vivo. Our future studies
are aimed at determining the mediators responsible for neu-
trophil accumulation and whether protein leakage from cor-
onary microvessels results from the effects of chemical
mediators or from endothelial damage induced directly by
ischaemia.
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of WEB 2086. F.M.W. was supported by the British Heart Founda-
tion, T.J.W. by the National Asthma Campaign, P.D.C. was on a stu-
dentship funded by Roche Products Ltd. Part of this work was
carried out at the MRC Clinical Research Centre, Harrow, HA1 3UJ.
We thank Miss C. Coker for typing this manuscript.

References

ARFORS, K.E., LUNDBERG, C., LINDBOM, L., LUNDBERG, K.,
BEATTY, P.G. & HARLAN, J.M. (1987). A monoclonal antibody to
the membrane glycoprotein complex CD18 inhibits polymor-
phonuclear leukocyte accumulation and plasma leakage in vivo.
Blood, 69, 338-340.

BUYON, J.P., ABRAMSON, S.B., PHILIPS, M.R., SLADE, S.G., ROSS, G.D.,
WEISSMANN, G. & WINCHESTER, R.J. (1988). Dissociation
between increased surface expression of Gp165/95 and homotypic
neutrophil aggregation. J. Immunol., 140, 3156-3160.

ENGLER, R.L., SCHMID-SCHONBEIN, G.W. & PAVELEC, R.S. (1983).
Leukocyte capillary plugging in myocardial ischemia and reperfu-
sion in the dog. Am. J. Pathol., 111, 98-11 1.

ENGLER, R.L., DAHLGREN, M.D., MORRIS, D.D., PETERSON, M.A. &
SCHMID-SCHONBEIN, G.W. (1986). Role of leukocytes in response
to acute myocardial ischemia and reflow in dogs. Am. J. Physiol.,
251, H314-H322.

FISHBEIN, M.C., MACLEAN, D. & MAROKO, P.R. (1978). The histo-
pathologic evolution of myocardial infarction. Chest, 73, 843-849.

HARLAN, J.M., KILLEN, P.D., SENECAL, F.M., SCHWARTZ, B.R., YEE,
E.K., TAYLOR, R.F., BEATTY, P.G., PRICE, T.H. & OCHS, H.D. (1985).
The role of neutrophil membrane glycoprotein GP-ISO in neu-
trophil adherence to endothelium in vitro. Blood, 66, 167-178.

HERNANDEZ, L.A., GRISHAM, M.B., TWOHIG, B., ARFORS, K.E.,

HARLAN, J.M. & GRANGER, D.N. (1987). Role of neutrophils in
ischemia-reperfusion-induced microvascular injury. Am. J. Pathol.,
253, H699-H703.

KNICKER, W.T. & COCHRANE, C.G. (1965). Pathogenic factors in
vascular lesions of experimental serum sickness. J. Exp. Med., 122,
83-87.

LUCCHESI, B.R. & MULLANE, K.M. (1986). Leukocytes and ischemia-
induced myocardial injury. Ann. Rev. Pharmacol. Toxicol., 26,
201-224.

MALLORY, G.K., WHITE, P.D. & SALCEDO-SALGAR, J. (1939). The
speed of healing of myocardial infarction. A study of the patho-
logic anatomy in seventy-two cases. Am. Heart J., 18, 647-671.

MONTRUCCHIO, G., ALLOATTI, G., TETTA, C., DE LUCA, R., SAUN-
DERS, R.N., EMANUELLI, G. & CAMUSSI, G. (1989). Release of
platelet-activating factor from ischemic-reperfused rabbit heart.
Am. J. Pathol., 256, H1236-H1246.

MULLANE, K.M., READ, N., SALMON, J.A. & MONCADA, S. (1984).
Role of leukocytes in acute myocardial infarction in anesthetized
dogs: relationship to myocardial salvage by anti-inflammatory
drugs. J. Pharmacol. Exp. Ther., 228, 510-522.

NOURSHARGH, S., RAMPART, M., HELLEWELL, P.G., JOSE, P.J.,
HARLAN, J.M., EDWARDS, A.J. & WILLIAMS, T.J. (1989). Accumula-
tion of "1In-neutrophils in rabbit skin in allergic and non-allergic



734 F.M. WILLIAMS et al.

inflammatory reactions in vivo: inhibition by neutrophil pretreat-
ment in vitro with a monoclonal antibody recognising the CD18
antigen. J. Immunol., 142, 3193-3198.

PHILIPS, M.R., BUYON, J.P., WINCHESTER, R., WEISSMANN, G. &
ABRAMSON, S.B. (1988). Up-regulation of the iC3b receptor (CR3)
is neither necessary nor sufficient to promote neutrophil aggre-
gation. J. Clin. Invest., 82, 495-501.

POHLMAN, T.H., STANNESS, K.A., BEATTY, P.G., OCHS, H.D. &
HARLAN, J.M. (1986). An endothelial cell surface factor(s) induced
in vitro by lipopolysaccharide, interleukin 1 and tumor necrosis
factor-a increases neutrophil adherence by a CDw18-dependent
mechanism. J. Immunol., 136,4548-4553.

RAMPART, M. & WILLIAMS, T.J. (1988). Evidence that neutrophil
accumulation induced by interleukin-1 requires both local protein
biosynthesis and neutrophil CD18 antigen expression in vivo. Br.
J. Pharmacol., 94, 1143-1148.

REIMER, K.A. & JENNINGS, R.B. (1979). The changing anatomic refer-
ence base of evolving myocardial infarction. Underestimation of
myocardial collateral blood flow and overestimation of experimen-
tal anatomic infarct size due to tissue edema, haemorrhage and
acute inflammation. Circulation, 60, 866-876.

ROMSON, J.L., HOOK, B.G., RIGOT, V.H., SCHORK, M.A., SWANSON,
D.P. & LUCCHESI, B.R. (1982). The effect of ibuprofen on accumu-
lation of indium-I 11-labelled platelets and leukocytes in experi-
mental myocardial infarction. Circulation, 66, 1002-1011.

ROMSON, J.L., HOOK, B.G., KUNKEL, S.L., ABRAMS, G.D., SCHORK,
M.A. & LUCCHESI, B.R. (1983). Reduction of the extent of ischemic
myocardial injury by neutrophil depletion in the dog. Circulation,
67, 1016-1023.

SIMPSON, P.J., MITSOS, S.E., VENTURA, A., GALLAGHER, K.P.,

FANTONE, J.C., ABRAMS, G.D., SCHORK, M.A. & LUCCHESI, B.R.
(1987). Prostacyclin protects ischemic reperfused myocardium in
the dog by inhibition of neutrophil activation. Am. Heart J., 113,
129-137.

SOMMERS, H.M. & JENNINGS, R.B. (1964). Experimental acute myo-
cardial infarction. Histologic and histochemical studies of early
myocardial infarcts induced by temporary or permanent occlusion
of a coronary artery. Lab. Invest., 13, 1491-1503.

STAHL, G.L., TERASHITA, Z-I. & LEFER, A.M. (1988). Role of platelet
activating factor in propagation of cardiac damage during myo-
cardial ischemia. J. Pharmacol. Exp. Ther., 244, 898-904.

STEINBUCH, M. & AUDRAN, R. (1969). The isolation of IgG from
mammalian sera with the aid of caprylic acid. Arch. Biochem.
Biophys., 134, 279-284.

VEDDER, N.B. & HARLAN, J.M. (1988). Increased surface expression of
CDllb/CD18 (Mac-i) is not required for stimulated neutrophil
adherence to cultured endothelium. J. Clin. Invest., 81, 676-682.

WALLIS, W.J., HICKSTEIN, D.D., SCHWARTZ, B.R., JUNE, C.H., OCHS,
H.D., BEATTY, P.G., KLEBANOFF, SJ. & HARLAN, J.M. (1986).
Monoclonal antibody-defined functional epitopes on the
adhesion-promoting glycoprotein complex (CDw18) of human
neutrophils. Blood, 67, 1007-1013.

WEDMORE, C.V. & WILLIAMS, TJ. (1981a). Control of vascular per-
meability by polymorphonuclear leukocytes in inflammation.
Nature, 289, 646-650.

WEDMORE, C.V. & WILLIAMS, T.J. (1981b). Platelet-activating factor
(PAF), a secretory product of polymorphonuclear leukocytes,
increases vascular permeability in rabbit skin. Br. J. Pharmacol.,
74, 916-917P.

(Received January 3, 1990
Revised April 23, 1990

Accepted April 24, 1990)


