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ABSTRACT

The sequestratian of rat leukocytes and bone marrow cells by the lung
vasculature was studied using an isolated perfused rat lung preparation. The
passage of latex particles of 7.6 umin diameter and non-hematopoietic cells
through the lung blood vessels was also studied. Leukocytes and bone
marrow cells were reversibly sequestered from circulation, whereas, latex
particles and non-hematopoietic cells were removed irreversibly. Con-
tinuous circulation of leukocytes or bone marrow cells results in a steady-
state at which circulating cells and the lung reach some kind of equilibrium
withno net cellremoval by the lung. Further cellremoval or release can occur
by changing the circulating cell concentration. Removalof Ca** andMg**
from circulating medium decreased the sequestration of leukocytes by the
lung. Complement activation is not involved in this process, since whole
blood as well as serum free suspension of leukocytes, bone marrow cells or
peritoneal cavity neutrophils showed similar patterns of sequestration. The
results indicate that cell sequestration by the isolated perfused lung is a
physiological process which can be considered as a suitable model of the
in-vivo sequestration of blood leukocytes by the vascular system of the body.
The pattern and the rate of sequestration depends on the cell type, cell
concentration in circulation, and chemical factors in circulating medium.
The results provide new information about the mechanisms which might be
responsible for the sequestration of leukocytes by the lung vasculature in the
absence of complement activation.
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INTRODUCTION

Blood leukocytes are the major component of the
body’s defense system. Their concentration and dis-
tribution throughout the blood vascular network is a
key factor in an early and prompt response to any
foreign invasion of the body.

Leukocyte infusion therapy has become an impor-
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tant step in the management of severe infection in
patients with defective leukocyte system.! In spite of
recentimprovementincollectionandstorage of leuko-
cytes, very little information has been available on the
mechanisms controlling the distribution of native and
infused leukocytes in the body.

Granulocytes are about equally distributed within
the vascularsystem between a circulating and amargin-
ated population of cells which are in rapid
equilibrium.!%!8-?” [n some neutropenic patients, the
size of the marginated pool is inversely correlated with
the size of the circulating pool.'® Attempts to elevate
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the concentration of granulocytes significantly in the
circulating blood by transfusion of leukocytes have
been unsuccessful (22+14% yield),?** presumably
because the transfused cells are sequestered within the
vasculature of organs such as the lung.?”” The seques-
tered cells can be recovered in the circulating pool by
epinephrine or exercise.* The two processes of mar-
gination of leukocytes in the normal situation and
sequestration of transfused leukocytes are little under-
stood; the relationship between the two processesisnot
known. Itis not clear whether the mechanism responsi-
ble for normal margination is also responsible for
sequestration of infused cells or other factors also
contribute to the sequestration of infused cells because
the actual yield from infusion has always been less than
predictions made based on 50% margination.®
Studies of the adherence of leukocytes to glass
beads'*!” and nylon fibers'®*® have been made.
Although there are some correlations between these
in-vitro phenomena and clinical observations, such
in-vitro systems are not useful for studying the nature
and mechanism of leukocyte adhesion to vascular
endothelium. The adherence of leukocytes to cultured
endothelial cells”?' may be more physiological than
in-vitro adhesion studies using glass or plastic surfaces,
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Figure 1. Upper diagram: Single-pass perfusion system. Lower
diagram: Continuous-circulation perfusion system. SR: Particle or
cell suspension reservoir; BR: Buffer reservoir; TWS: Three-way
stopcock; FP: Flowprobe; FM: Flowmeter; P:Pump; PT-1: Pressure
transducer, liquid; PT-2: Pressure transducer, air; L: Lung; R:
Reservoir; Rec: Recorder. Inthe continuous - circulation system cell
suspensionreservoir is placed directly under the lung so that the lung
cffluent drips directly into the reservoir and circulates.

but the surface of cultured cells may differ from the
luminal surface of the endothelial cells withinan organ.
The leukocyte-endothelial interactions have recently
been reviewed. '3

We have utilized an isolated perfused rat lung
system tostudy the problem of leukocyte sequestration
and margination and suggest that the advantages of the
system are: 1) the interaction of cells with the luminal
surfaces of the endothelium of the lung in-vivo can be
quantitated, 2) the three dimensional structure of the
lung vasculature is maintained, and 3) morphological
studies of sequestration and margination phenomenon
in intact endothelium can be readily undertaken.

In this work we studied the sequestration of leuko-
cytes and other non-hematopoietic cells and particles
by the isolated perfused rat lung. It is shown that
leukocytes, but not latex particles of similar size of
non-hematopoietic cells, are reversibly sequestered
when they pass through the lung. By continuously
circulating leukocytes or bone marrow cells through
the lung, the system reached a steady-state at which
circulating cells and the lung were in some kind of
equilibrium, with no net cell removal by the lung.
Changes in circulating cell concentration in this state
caused the lung to remove cells from, or release them
into circulation. The role of divalent cations on this
process was also studied.

MATERIALS AND METHODS

Animals:
Male CD rats (Charles River Co.) of about 350
grams in weight were used in all experiments.

Isolated perfused lung preparation:

The animals were anesthetized by intraperitoneal
injections of sodium pentobarbital (Diamond Labs,
Inc.), 3.9 mg per 100 g of body weight. Following
anesthesia, a tracheotomy was performed by inserting
asilicon rubber (silastic tubing) cannula, 0.16 mm'® x
0.24°P (Dow Corning Co.), into the trachea and
securingitin place byaligature. Bloodcoagulationwas
prevented by eitherinjecting 1 ml of heparin sodium,
1,000 U.S.P. (Upjohn Co.), through the jugular vein,
or by mixing 2 ml of the above heparin with sodium
pentobarbital, used for anesthesia, and injecting it
intraperitoneally. The diaphragm and rib cage were
thenincised, exposing the heartand lungs. Respiration
was restored immediately after opening the chest
cavity by connecting the tracheal cannula to a Harvard
respirator, model 680 (Harvard Apparatus Co.), under
maximum inflation pressure of 18 cm H,O and 45
strokesperminute. Stroke volume was adjustedto 3 ml
per stroke. Pressure was measured by a Statham
pressure transducer, model 5E (Gould Statham Inst.,
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The pulmonary artery was cannulated through an
incision in the right ventricle, and the cannula (same
material and size as used for the tracheal cannula) was
secured in place by a ligature with the heart and lungs
still intact in the chest cavity. The left atrium was then
incised to allow the perfusate to drip out.

Perfusate was pumped through the lung by a Har-
vard peristaltic pump, model 1203 (Harvard Appar-
atus Co.), ata flow rate of about 9ml per minute, witha
peak-to-peak pressure of 3-20 cm H,O. Flow rate
measured by a magnetic flow probe, model 300 A
(North Carolina Medical Electric Co.) and a square-
wave flow meter, model 321 (North Carolina Med.
Elec. Co). Perfusion pressure was measured by a
Statham transducer, model P23db (Gould Statham
Co.). Both the perfusion and respiration pressures
were recorded by a HP recorder, model 7402A (Hew-
lett Packard Co.).

The perfusion and ventilation parameters were
chosen as close as possible to the available in-vivo
values for optimal results.

The heart was totally excised assoon as the pulmon-
ary artery cannula was secured in place; immediately
thereafter the lungs were removed from the chest
cavity and suspended from the tracheal cannula in
ambient air at room temperature. The whole surgical
operation, from the moment that the chest cavity was
opened to the moment when the lungs were removed,
took about 8 minutes.

Perfusates were maintained in two types of water-
jacketed glass reservoirs. A funnel shaped reservoir
was used for maintenance of cell-free or particle-free
buffers and a flat bottom reservoir was used for cell or
particle suspensions. The flat bottom is especially
useful for placing the reservoir on a magnetic stirrer to
constantly and gently stir the cell or particle suspen-
sion. The floor of the flat-bottomed reservoir was made
flush with the perfusate outlet arm so that cells or
particles would not have any barrier on their way out,
and a uniform transfer of particles from the reservoir,
through the perfusion tubing to the lung, was assured.

The temperature of the perfusates was kept con-
stant at 37°C by circulating water from a variable
temperature bath and circulator, model 2095 Master-
line (Forma Scientific Co.) through the water jackets
around the reservoirs.

Table I. The effect of Ca** and Mg*™* on the sequestration of
neutrophils by the isolated pecfused rat lung.

Non-Sequestrable
Treatment Fraction.(%) !
Control 042 &
No Cat* and Mg** 12.33 (6)
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Perfusion:

Towash asmuch blood as possible out ofthelung, it
was initially perfused and washed for 10 minutes with
one of the following buffers; Dulbecco’s medium sup-
plemented with 20 percent fetal calf serum (GIBCO),
PBS (Dulbecco’s phosphate buffered saline solution,
GIBCO), or Hank’s balanced salt solution (GIBCO).
Only lungs which could be washed clean and white were
used for the experiments. Immediately following this
initial cleansing, whatever perfusate to be used in the
experiment was perfused through the lung:

1. Single-pass perfusion

In this mode, the perfusate was passed only once
through the lung. The pulmonary venous effluent was
then collected and treated as desired (Fig. 1a). The
experimental set-up was a modification of Pickett’s
method.?

2. Continuous-circulation perfusion

In this mode, suspensions of hematopoietic cells
with desired concentrations was circulated through the
lung for the desired period. Samples were taken either
from the pulmonary venous effluent drops or from the
reservoir at various time after initiation of perfusion
(Fig.1b). The experimental set-up was a modification
of Bassett’s method.®

Cell and Particle Suspensions

Four kinds of cell populations: whole blood, peri-
toneal cavity neutrophils, bone marrow cells, rat rhab-
domyosarcoma (R1) cells and a suspension of latex
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Figure 2. Sequestration of blood leukocytes by the isolated perfused
lung. Rat whole blood was perfused in the single-pass mode through
the lung. Average leukocyte concentration and differentials were
13.6x 106 cells per ml, 50% ncutrophils, and 70% mononuclears
(lymphocytes and monocytes). The percentage of cells in the initial
perfusate that recovered in lung effluent is plotted versus the time of
perfusion. O blood leukocytes; ® ncutrophils; A mononuclears,
Mean + SEM of duplicate measurements.
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Figure 3. Sequestration of latex particles of 7.6 y«m diameter (®) and
Rl cells{A) by the isolated perfused rat lung. Suspensions of latex
particles with concentrations 3.7 X 10° and 9.3 x 10° particles per ml
or Rl cells with concentrations of 1.82 x 10%0r 0.9 x 10° cells perml
were perfused in the single-pass mode through the lung. The
percentage of particles or cells in the initial perfusate that are
recoveredin the lung effluentis plotted versus the time of perfusion.

particles were used in these experiments. All glass-
wares were siliconized when handling various cell
suspensions or whole blood.

1. Whole Blood

Whole blood was collected by bleeding rats through
the vena cava with a heparinized 20 ml plastic syringe.

2. Bone Marrow

Bonemarrowfromtwofemursandtibiasofarat was
suspended in Dulbecco’s medium supplemented with
20 percent fetal calf serum (GIBCO). The marrow was
gently passed through successively smaller needles
(gauge 19 to 27) to produce a single cell suspension (a
total of ten passages for all preparations). Cell concen-
tration and suspension volume was adjusted to the
desired values.

3. Peritoneal Cavity Neutrophils

Rats were injected with 20 ml of 1% glycogen in
saline. Four hours later animals were sacrificed and
their peritoneal cavity was washed with PBS. Cells
collected were washed with PBS and differentials were
made with Wright-Giemsa staining. Always more than
95% were neutrophils with macrophages constituting
the majority of the other 5%.

4.R1 cells

R1 cells were kindly supplied by Dr.T. Tenforde at
Lawrence Berkeley Lab. The cells were suspended in
the Dulbecco’s medium with or without fetal calfserum
at the desired concentrations.

5. Latex Particles

Latex particles (Dow Chemical Co.) with a dia-
meter of 7.6%2.3 were suspended in Dulbecco phos-
phate buffered saline (GIBCO) to the desired concen-
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Figored. Sequestration ofbloodleukocytesby theisolated lungin the
double-perfusion experiment. Lung was perfused with whole blood
(7.01 x 10%leukocytes per ml) for four minutes and then withcell-free
buffer for another four minutes to remove and wash previously
perfused blood. Finally the lung was again perfused with blood. The
percentage of leukocytes in the initial blood perfusate that are
recoveredin thelungeffluent is plotted versus the time of perfusion.
Mean + SEM of duplicate experiments.

tration. This suspension was used for single-pass ex-
periments. In all suspensions using artificial medium,
the pH was adjusted to 7.3-7.4.

Cells and latex particles were counted in a hentocy-
tometer. At least two counts were done on each
sample. Cell viability was measured by the Eosin Y
exclusion test.

RESULTS

There was no detectable retention of cells by the
perfusion systemwithout thelung, in eithersingle-pass
or continuous-circulation mode within up to at least
two hrs. Also, variations in the administered dose of
heparin showed no effect on the experimental results
described below.

Single-Pass Perfusion Experiments:

The sequestration of leukocytes by the isolated
perfused rat lung was established by single passage of
90ml freshlycollectedrat blood through an isolated rat
lung. Samples of blood were collected from the lung
effluent drops at intervals and their leukocyte concen-
trations and differentials were determined. As shown
in Fig. 2, the fractionof cells which can pass through the
lung without retention is low at initial moments, but
then increase smoothly and reach a plateau within four
tofive minutes of perfusion. Thisspecific pattern of cell
sequestration was observed with all hematopoietic
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FigureS.Sequestrationof bone marrow cellsby theisolated perfused
lung in the continuous-circulation mode. Initial concentration of
suspension was 9x 10* cells per ml. Relative concentration of lung
effluent, ®, (concentration of cells in lung effluent/initail concentra-
tion of circulating suspension x 100), and of reservoir, A ,-(suspen-
sion cell concentration/initial concentration of circulating suspen-
sion x 100) are plotted versus the time of circulation. Mean + SEMof
triplicate measurements.

cells examined. Since the behaviour of various sub-
populations of blood cells were similar, even though
quantitative differences were evident (Fig. 2), the data
presented in all other experiments are those of blood
leukocytes or nucleated bone marrow cells.

To investigate whether the cell sequestration
observed is a mechanical property of the isolated lung
or not, the above experiment was repeated using R1
cells or suspension of latex particles with 7.6+£2.3 pm
diameter. Two suspensions with concentrations of 3.7
X 10° and 9.3 X 10° particles per ml and two suspen-
sions of R1 cells with concentrations of 1.82 x 10° and
0.92 x 10° cells per ml were perfused through different
lungs. In every case, particles and R1 cells were almost
totally retained by the lungs (Fig. 3).

Since it was possible that the specific pattern of cell
sequestration by the isolated lung might be due to
gradual death and loss of function of the lung prepara-
tion, the following double-perfusion experiment was
performed. Isolated lungs were perfused with whole
blood for three minutes. At this time, blood was
replaced with PBS as the perfusate. and the perfusion
was continued for another four minutes, which washed
the lungs clean white. These lungs were then im-
mediately perfused with fresh whole blood for three
more minutes. Results are indicatedin Fig. 4. With the
first blood perfusion the lung removes leukocytes; the
fraction of cells which can pass through the lung
increases to about 100% by the third minute of perfu-
sion. Dulbecco’s PBS introduced into system as the
perfusate this time washes the lung clean white within
the next fourminutesofperfusion. Withthe nextround
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Figure 6. Sequestration of bone marrow cells in a double-lung
continuous circulation experiment. Initial concentration was 8.8 x
10° cells per ml. The suspension was circulated for 40 minutes. Then
the lung wasreplaced with another one and circulation was resumed
and continued for another 40 minutes. For each lung, relative
concentration of the lung effluent, ®, (concentration of cells in the
lung effluent/initial concentration of circulating suspension corres-
ponding to the same lung X 100), and of reservoir, A, (cell
concentration in circulating suspension/initial concentration of cir-
culating suspension corresponding to the same lung x 100) is plotted
versus the time of perfusion for each lung. Mean + SEM of triplicate
experiments.

of blood perfusion the lung removes the cells in a
similar manner as with the first blood perfusion. It is
clear that the lung has not lost its capacity of sequester-
ing leukocytes passing through it.

Continuous-Circulation Experiments:

The above experiments already establish that
leukocyte sequestration by the lung is not a mere
mechanical property or behavior of the isolated lung,
however, several questions remain open: (I) Is the
sequestration of leukocytes by the isolated lung a
reversible phenomenon? (II) Is the sequestration a
property of a special group of cells in blood or bone
marrow, or are variations in the stickiness of a special
group of cellsresponsible for theirsequestrations? (11T)
What is the relationship between the sequestration
capacity and behaviour of the lung and the cell concen-
trations circulating through it? (IV) What is the effect
of divalent cations on leukocyte sequestration by the
lung.

To answer these questions the continuous-
circulation perfusion set up of Fig. 1b was used. Bone
marrow suspensions, whole blood, or specific cell
sub-populations of leukocytes yielded similar results
with quantitative differences; therefore, only results
obtained with bone marrow suspensions are shown in
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Figure7. Response of the isolated perfused lungat the steady-stateto
changingcirculatingsuspensionwith another suspension at the same
concentration. First suspension had a concentration of 8x 10° cells
per ml. The steady-state concentration of the system was 2.7x10°
cells per ml. After about 45 minutes of perfusion this suspension was
replaced with anotherone with the concentrationof 2.1 x 10° cells per
ml, and circulation was resumed for another 40 minutes. Relative
concentration of lung effluent (cell concentration in lung effluent/
initial concentration of the corresponding circulating suspension X
100) was plotted versus the time of perfusion for each suspension.
Mean £ SEM of duplicate experiments.

the following experiments.

Reversibility of cell sequestration by the isolated
lung was examined by circulating 70 ml of bone marrow
cell suspension with initial concentration of 9x 10° cells
per ml through the lung in the continuous-circulation
set-up. The lung continuously removed cells from
circulation for the first 10-15 minutes of perfusion, after
which the system reached a steady state, at which there
was no net removal of cells by the lung. The steady
concentration state of circulating cells in the suspen-
sion was not zero but about 3.6 == 10°cells per ml . This
value depended on the initial concentration of the
suspension (see also Fig. 7,8 and 9). If the lung had
removed the cells irreversibly, it would have depleted
the circulating suspension from its cells in a short time;
there would have been no steady-state.

The answer to the second question was provided by
perforining a double-lung continuous-circulation
perfusion experiment (see Fig. 6). Here, a bone mar-
row suspension (8.9%10° cell per ml) was circulated
through an isolated lung for about 40 minutes, long
enough for the system to reach the steady-state. If the
cells circulating in the lung in the steady-state are
non-sequestrable cells (for any reason), then perfusing
and circulating them through another isolated lung
should not result in any net cell removal. At the
steady-state the lung in the system was replaced with
another freshly isolated and perfused lung of similar
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Figure 8. Response of the isolated-perfused rat lung at the steady-
state to changing circulating suspension with another suspension of
higher concentration. Cell concentration in lung effluent, ® and in
circulating suspension reservoir, A is plotted versus the time of
perfusion for each suspension. Mean * SEM of duplicate measure-
ments.

size. The second lung removed cells very much similar
to the first lung, indicating that cells remaining in
circulation at the steady-state were not non-
sequestrable cells.

Thesignificance of the steady-state concentration of
circulating cells and the ability of the lung to remove
them from or release them into the circulation and
criteria of the decision to remove or to release cells was
established by the following experiments. If at the
steady-state the lung with cells attached to its vascula-
ture reached some kind of equilbrium with circulating
cells, then, replacing the circulating suspension and its
cells without changing their concentration should not
disturb the steady state. Results of such an-experiment
isshown in Fig. 7. Here, the first bone marrow suspen-
sion with the concentration of 8 x 10° cells per ml was
circulated for 40 minutes through anisolated lung. The
system reached the steady-state with a concentration of
2.7 x 10° cells per ml. At this time, this suspension was
replaced with another suspension of bone marrow cells
with the concentration 0f2.1 x 10 cells per ml. No net
removal of cells from this suspension occurred.

When at the steady-state, the circulating suspension
was replaced with a fresh suspension with a concentra-
tion different from the steady-state concentration,
then one of two things occurred; if the second suspen-
sion concentration was higher than steady-state, then
the lung removed cells from the new suspension until
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Figure 9. Response of the isolated-perfused lung at the steady-state
to chang ning circulatingsuspension withanother suspensionoflower
concentration. Initial cell concentration in the first suspension was
15.8 x 108 cells perm!. The steady-state concentration was 3.4 x 108
cells per ml. The replacing suspension had theinitial concentrationof
1.2x 10°cells perml. The relative concentrationof the lung effluent,
® (lung effluent cell concentration/initial cell concentration of the
corresponding suspension X 100) and of circulating suspension
reservoir, A, (suspension cell concentration/corresponding initial
cell concentration % 100) are plotted versus the time of perfusion of
each suspension. Mean * SEM of duplicate measurements.

anothersteady-state wasreached by the system. In this
case, shown in Fig. 8, the initial concentration of the
first suspension was 53106 cells per ml. It was circu-
lated for 50 minutes , and the system reached the
steady-state with the concentration of 1.8x 10%cells per
ml. At this point, the circulading suspension was re-
placed with a fresh suspension of bone marrow with a
concentration of 10 x 10° cell per ml, higher than the
steady-state concentration. The lung removed cells
from this suspension until the system reached a new
steady-state with a concentration of about 3 x 10 cells
per ml within fifty minutes.

On the other hand, if replacing suspension had a
lowerconcentration than the steady-state one, then the
lung released some cells into the circulation. This is
demonstratedin Fig. 9,in whichinitial concentration of
the first suspension was 15.8x10° cells per ml. After
about 70 minutes of circulation the system reached the
steady-state with a concentration of 3.4x10° cells per
ml. The circulating suspension was replaced with the
new suspension with a concentration of 1.2 X 10° cells
per ml, lower than the steady-state concentration. The
lung released cells into the circulation and within 30
minutes the system reached a new steady-state with a
concentration of about 2 x 10° cells per ml. The results
of this experiment also provide additional support for
the reversibility of the sequestration phenomenon.

The effect of Ca** and Mg** on the sequestration

of leukocytes by the lung is shown in Table I. This was
examined by passing through an isolated perfused
lung, a suspension of peritoneal cavity neutrophilsina
Ca** and Mg™* ™ free Dulbecco’s medium (GIBCO).
The total number of cells in the suspension was ad-
justed to 36 x 106 cells in 40 ml of the medium before
perfusion. The lung effluent was completely collected,
and the total number of neutrophils was determined.
The non-sequestrable fraction of cells was determined
as the ratio of the total number of neutrophils in the
effluent to the total number of neutrophils before
perfusion. In the absence of Ca** and Mg*™* the
non-sequestrable fraction increased significantly
(92.34%, p<0.05) over the controls.

DISCUSSION

The in-vitro sequestration ofleukocytes by the lung
has been described by several investigators.2-10-11:28
Theisolated perfused lung offers several advantages in
studying interactions of leukocytes with lung vascula-
ture because, in contrast to in-vitro studies with intact
animal, interactions with other vascular beds are eli-
minated, the rate of perfusion can be regulated, the
input and output of cells in the system can be readily
measured, and the chronological pattern and kinetics
of sequestration can also be studied. Our studies with
this system indicate that interactions of leukocytes with
lung vasculature is a physiological process.

Four possible mechanisms can be conceived for
observed patterns of cell sequestration by the isolated
lung from perfused blood or bone marrow suspensions:
1) opening of lateral vascular shunts of largerdiameter,
2) the gradual death and loss of function of the isolated
perfused lung, 3) changes in the stickiness of cells o1
selective removal of sequestrable cells, and 4) phy-
siologic attachment of cells to the sites of sequestration
in the lung vasculature.

The first possibility has been refuted by others.?
Our results of perfusing the lung with latex particles or
R1 cellsalso indicate this simple mechanical view is not
correct. The gradual death and loss of function of the
perfused lung can also be refuted by our results and
work of others. The useful life of an isolated perfused
lung in terms of various physiological and biochemical
parameters has been determined to be about 1.5-2.5
hrs. 21426 Although the duration of our single-pass or
continuous-circulation perfusion experimentsis within
thisperiod, resultsof ourdouble-perfusion experiment
also provides additional support against this possibil-
ity.

Factors that change the stickiness of neutrophils
in-vivo and cause theirsequestration by thelung® 71118
or their release into circulation® have been described.
We have been careful to avoid any procedure which
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might activate complement network when perfusing
wholeblood. Also, since similarresults to that of whole
blood perfusion are observed when bone marrow
suspension or suspension of neutrophils from the peri-
toneal cavity are being perfused, sequestration pat-
terns observed could not be due to increased stickiness
of neutrophils due to complement activation. Besides,
the double-lung perfusion experiment provides une-
quivocal support against selective removal of sequestr-
able cell sub-populations by the isolated lung.

The reversibility of leukocyte sequestration in-vivo
by the lung has been documented.? Results of our
continuous circulation experiments also clearly indi-
cate a reversible nature for leukocyte sequestration by
the isolated lung (see Figs. 5 and 9).
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