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EFFECTS OF PARTICLES ON MACROPHAGE MIGRATION

Abstract - Random and directed migration of cells

lavAged from the lungs of rats and dogs were studied PRINCIPAL INVESTIGATORS

In vitro using formyl-methyonyl-leucyl-phenylalanlne H.-L. Mueller

(FMLP) as a chemoattractant. Rats and dogs were n- B. Robinson*

tratracheally instilled with either saline (controls) B. A. Xuggenburg

or about 109 fluorescent polystyrene microspheres, R. A. GuIlmette

and lungs were avaged after I or 7 days. More rat

cells than dog cells mgrated at I day after both particle and saline nstillations; at 7 days,

only cells lavaged from rats after particle nstillations showed enhanced migration abilities.

FMLP caused a 1.5 to 2-fold enhancement compared to random migration In cell numbers counted on

the lower sides of chemotactic membranes. Cells with low particle numbers were more likely to

migrate than those with high numbers of ingested particles.

Remarkable species differences exist in clearance and lymph node translocation of insoluble

particles following their deposition in the lung.1 Since alveolar macrophages play a major role

in particle uptake in the lung, it is possible that differences in mobility are one reason for

observed clearance differences. Macrophage mobility could also be important in transporting

particles from the alveolar spaces into the lung interstitium, as is suggested by earlier results

from this laboratory.2,3 With high numbers of instilled particles, many neutrophils are also

present in the lung alveoli at day, but not at 7 days after the instillations. To our

knowledge, there is no information in the open literature about the influence of ingested particle

numbers on the mobility of free lung cells from different species; such knowledge will contribute

to a better understanding of the mechanisms of clearance, as it is not known for certain if

alveolar macrophages leave the alveoli by active or passive transport processes.

METHODS

Male Beagle dogs, 7 yr old, and male Fischer 344/N rats, 12-14 wk old, both produced at the

Institute, were used in this study. Individual lung lobes of three anesthetized dogs were

instilled with 1.1 x 109 fluorescent-labeled polystyrene microspheres (1.7 Jim diameter,

Polysciences, Warrington, PA) in mL aliquots of saline, as described earlier.4 Instillations of

1 mL saline aliquots into lung lobes that did not receive particles served as controls. Lung

lavage was done with 5 x 10 mL saline at and 7 days after the instillations.

Four rats were instilled with 084 x 109 fluorescent polystyrene microspheres in 0.5 mL

aliquots of saline. Six controls were instilled with 0.5 mL saline. Lung lavage was done on

excised lungs from different animals at or 7 days with 4 x 7 mL ice cold saline. Lavaged cells

from two rats for each dose and time point were pooled for migration tests.

Lavaged cells were washed once with saline and resuspended in RPMI 1640 medium supplemented

with 0.5% bovine serum albumin (BSA, essentially globulin free; Sigma A-7638), to a concentration

of 0.5-1.0 x 106 viable cells/mL. Two-tenths mL RPMI 1640 + 0.5% BSA, containing 0-8 mol

chemoattractant (N-formyl-L-methyonyl-L-leucyl-L-phenylalanine, Sigma) was placed into the lower
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Figure 2 Relative increase in the numbers of migrating cells in the presence of 10-8 mol FMLP
compared to random migration (= 1) following saline (= ) or particle (= instillations.
A) Rat cells; B) dog cells.

in good agreement with recently published data using the same chemoattractant with rat

macrophages.5 The slight reduction in the relative enhancement with particle-laden cells is

probably due to enhanced random migration following a prestimulation of the cells after particle

uptake that could have reduced their sensibility for the chemoattractant.

The fractions of migrating cells with particles (phagocytic index) were significantly enhanced

in the dog, but not in the rat, when compared to phagocytic indices of the avaged cells (Fig.

3). Particle concentrations in migrating cells were significantly lower than in the avaged rell

populations (Fig. 4. The differences were statistically significant at day for the rats and at

I and 7 days for the dog. The data suggest that the ingestion of low particle numbers stimulated

f ree lung cells to express enhanced random and directed migration, and that cells with low

particle numbers were more likely to pass the chemotactic membranes than those with high particle

numbers.
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Figure 3 Fractions of cells that contained particles (phagocytic index) in lung lavage fluids
�=) and on the lower sides of chemotactic filters in the presence E) and absence = of
chemoattractant. A) Rat cells; B) dog cells. * � Significantly different from lavaged cells.
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compartment of a blind well chamber (Nuclepore) and covered with a chemotactic membrane (8 pm pore

size, 13 mm diameter; Nuclepore); 04 mL cell suspension was placed into the upper compartment.

The chamber was incubated for 35 h at 37'C. Random migration was determined by using RPMI 1640 

0.5% BSA without chemoattractant in the lower compartment.

After emptying the upper compartment, the upper side of the filter was wiped with a cotton

swab, the filters were removed and air dried, prefixed in ethanol, and stained with HEMA 3 (Curtin

Matheson Scientific, Inc., Houston, TX). Ten randomly chosen fields on the filter were examined

for cell numbers and particle content using epifluorescence microscopy (Zeiss, FRG). All tests

were done in triplicate, and the means of the averages ± standard error) from each experiment

were calculated.

RESULTS AND DISCUSSION

More rat cells than dog cells migrated randomly at I day after saline instillations, whereas

values were nearly equal for both species at 7 days (Fig. 1). Cell migration was enhanced

several-fold at day after instilling high particle numbers, and enhanced only for rat lung cells

at 7 days. The enhanced cell numbers on the lower side of the filters at I day are thought to be

mainly due to the abundance of neutrophils, which are smaller than alveolar macrophages and thus

are expected to penetrate the pores of the chemotactic membranes quicker than the macrophages.

Weak staining of the migrated cells made it impossible to quantitatively distinguish macrophages

from neutrophils.

Rats showed a neutrophil response at day after instilling particles 60 12% neutrophils in

lavage), and after instilling saline (44 ± 20% neutrophils in lavage). Dogs produced a

neutrophilic response at I day after particle instillation (51 ± 9 neutrophils in avage), but

not at day after saline instillation 4 ± % neutrophils in lavage). The 7-day enhancement for

the rat, however, must have been due to a direct stimulation of alveolar macrophages as

neutrophils were below 5% in the 7-day lavages in both species.

The numbers of cells migrating towards the chemoattractant were only 1.5- to 2-fold higher

compared to random migration in the absence of the chemoattractant (Fig. 2. This observation is
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Figure 1. Random migration of free lung cells at I or 7 days after the instillation of saline or
of approximately 109 particles into rat lungs or dog lung lobes. Numbers of cells on the lower
side of filters are shown as a percentage of all cells that were added to the upper compartment of
the blind well chambers. = rats; = dogs; mean values standard error (SE) out of two
(rat with particles), three (saline) or four (dog with particles) experiments. Significantly
different from rat values.
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Figure 4 Particle concentrations in cells (expressed as average particle numbers per phagocytic
cell PC) in lung lavage fluids = ) and on the lower sides of chemotactic filters in the
pres;nce (= ) and absence (� ) of chemoattractant. A) Rat cells; B) dog cells.
Significantly different from lavaged cells.
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