
XA04N1407

COMPARATIVE MORPHOLOGY AND MORPHOMETRY OF ALVEOLAR MACROPHAGES FROM SIX MAMMALIAN SPECIES

Abstract - Pulmonary alveolar macrophages (PAM) were

collected from normal, healthy mice, rats, dogs, cyno- PRINCIPAL INVESTIGATORS

molgus monkeys, chimpanzees and humans and evaluated P. J. Haley

for morphologic and morphometric characteristics. The B. A. Muggenburg

PAM of mice, rats, and dogs were morphologically D. M. Weissman

similar to one another and had statistically similar D. E. Bice

frequency dstributions for PAM size. The range of

cell size for these three species was narrow. The PAN of nonhuman primates and humans were

morphologically heterogenous with increased cytoplasmic vacuolation, irregular cell outlines and

increased numbers of multinucleated cells as compared to the PAII of rodents and dogs. The mean

size of human PAHs was statistically greater than that for all other species evaluated, including

nonhuman primates. These data indicate that significant differences in PAM morphology and size

exist ang species and that such differences may be important when selecting species for studies

of PAM.

Pulmonary alveolar macrophages (PAM) play important roles in the maintenance of pulmonary

homeostatis that include removal of particles from the alveolar compartmental phagocytosis and

destruction of microbial organisms, control of neoplastic cells, amplification of pulmonary

inflammatory responses, and the generation and regulation of local immune responses.2 Data

derived from past studies investigating PAM function in different species were interpreted on the

assumption that PAM of different species are essentially the same. However, should basic

morphological, physiological and functional qualities of alveolar macrophages vary among species,

extrapolations to humans of data obtained in other species might be inaccurate. This study

compared the morphologic and morphometric characteristics of alveolar macrophages from normal,

healthy individuals of six different mammalian species, including humans.

MATERIALS AND METHODS

Mice and Rats

Four male, 10-wk old B6C3Fl mice and four male, 10-wk old F344/Crl rats were used in this

study. The mice were obtained from Simonsen Laboratories (Gilroy, CA). The rats were bred and

raised at the nhalation Toxicology Research Institute (ITRI).

The rodents were kept in polycarbonate cages with hardwood bedding and were provided water and

feed ad libitum with NIH-31 Autoclavable Mouse and Rat Diet.

The rodents were euthanized by an intraperitoneal injection of sodium pentobarbital and the

heart/lung block was removed. The lungs of mice were avaged with four I mL aliquots and the

lungs of rats with two 7 mL aliquots of normal saline.

Dogs

Four male, Beagle dogs, 2 yr of age were used in this study. The dogs were born and raised at

ITRI in a closed colony in which inbreeding is minimized by a generation breeding and random

mating system. Each dog was observed daily and given an annual physical examination that included

a complete blood count and chest radiographs. The dogs were provided water ad libitum and fed dry

kibble once a day.
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The dogs were anesthetized with 4 halothane in oxygen by mask followed by endotracheal

intubation. Anesthesia was maintained using 1.5% halothane in oxygen. A fiberoptic bronchoscope

was introduced into individual lung lobes and each diaphragmatic lobe was avaged with five 10 mL

aliquots of normal saline.

Nonhuman Primates

Four young adult, male, wild-caught cynomolgus monkeys, Macaca fascicularis were housed in

separate stainless-steel cages with an automatic watering system and were fed dry Monkey Chow and

f resh fruit twice daily. Each monkey was observed daily and received an annual physical

examination that included a complete blood cell count and chest radiograph. Tuberculosis skin

tests were performed on each animal quarterly. These monkeys were in captivity for approximately

I yr before this study.

For bronchoalveolar lavage (BAL), cynomolgus monkeys were tranquilized with ketamine

hydrochloride at 10 mg/kg body weight given intramuscularly (IM). After immobilization,

anesthesia was induced with 4 halothane in oxygen by mask, then the monkeys were intubated. A

pediatric fiberoptic bronchoscope was introduced into individual lung lobes and each diaphragmatic

lobe was avaged with five 7 mL aliquots of normal saline.

Four male, approximately 10-yr old chimpanzees (Pan troglodytes) were selected from the colony

at the Primate Research Institute, New Mexico State University, Holloman Air Force Base,

Alamogordo, New Mexico, where they were kept in indoor-outdoor cement runs. Three of the

chimpanzees were wild caught and one was raised in captivity at the Primate Research Institute.

Each chimpanzee was immobilized with ketamine hydrochloride at a dose of 10 mg/kg body weight

IM. Atropine sulfate was given subcutaneously, 007 mg/kg body weight. Anesthesia was maintained

with halothane gas in a mixture of 60% oxygen and 40% nitrous oxide administered at a 4%

concentration following endotracheal intubation. A fiberoptic bronchoscope was introduced into

individual lung lobes and s i x10 mL aliquots of normal saline were used to lavage each

diaphragmatic lobe.

Humans

All human samples came from nonsmoking, male individuals, 24 to 34 yr of age with no recent

history of pulmonary disease, living in the vicinity of New Orleans, Louisiana. After local

anesthesia of the vocal cords and trachea with lidocaine a fiberoptic bronchoscope was gently

wedged into a middle lobe segmental bronchus, and five 50 mL boluses of sterile normal saline were

instilled and immediately recovered by gentle suction.

Proctssingof Samples

Fluid and cells were placed on ice following the lavage procedure. Cells were separated from

the BAL fluid by centrifugation (1000 RPM, 10 min) and washed three times in culture medium (RPMI

1640 with 25 mM Hepes buffer). Cytocentrifuge samples were prepared by resuspending the lung

cells to a concentration of 2 x 106/mL and centrifuging 100 v aliquots at 400 RPM for 4 min in a

Shandon, Cytospin 2 cytocentrifuge. Cytocentrifuge preparations were stained with Diff-Quick

stain.

Morp metry

A cytospin preparation of pulmonary cells from each experimental subject was projected onto a

digitizing tablet attached to an image analysis system. The perimeter of the nucleus and cell

membrane for each of 300 PAM for each experimental subject was traced on the tablet and the data

transformed by Videoplan data acquisition software, into nuclear and total cell area and effective

cell diameter. The cytoplasmic area of each cell was calculated by subtracting the nuclear area

from the total cell area, after which the ratio of nuclear area to area of cytoplasm (N/C ratio)

was calculated. Distribution frequency tables and a computerized algorithm were used to generate

histograms using a sample increment size of 20 and a curve smoothing value of 02. A total of 300
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cells per individual and 4 individuals per species were evaluated to give a total of 1200 data

points per species. Each curve represents 1200 data points because the frequency distribution of

values for individuals within a given species were not statistically different.

Statistics

The means of PAM areas for each species were compared statistically using the Newman-Keuls

multiple range test. The criterion for statistical significance was set at p < 0.05.

RESULTS

The cells recovered by BAL from all species were greater than 90% PAM with the exception of

those from humans which had a slightly lower percentage of PAM (lable 1). Included in the counts

of PAM were multinucleated cells, which were less than 2 of PAM in all species except for

chimpanzees and humans for which the values were 8.7% and 5.0% of the PAM, respectively.

Epithelial cells, either singular or in aggregates, were rare in all species and were less than 

of the differential cell count.

Table 

Differential Cell Countsa of Pulmonary Cells Obtained

By Bronchoalveolar Lavage From Six Mammalian Species

b
Species Neutrophil jyna� �cte Macrophage Eosinophil

Mouse 0 1.5 (0.4) 98.5 (0.7) 0

Rat 0 0.5 (0.2) 99.5 (0.2) 0

Dog 0.5 (0.3)c 2.3 (0.6) 95.3 (0.9) 2.0 (1.0)

Cynomolgus monkey 0 1.3 (0.3) 93.8 (3.0) 5.0 32)

Chimpanzee 3.4 (1.1/ 1.3 (1.0) 94.4 (2.1) 1.0 (0.5)

Human 0.8 (0.75) 9.9 (2.6) 89.3 (2.5) 0.6 (0.12)

aReported in percent of 200 cells counted.

bN = 4 for each species.

cStandard error.

The PAM of mice, rats and dogs were morphologically similar (Fig. 1). PAM from these species

tended to be round ad regular-in-outline, with moderate amounts of light blue, lacy cytoplasm.

Cytoplasmic vacuolation was slight in all three species and the presence of intracellular dust

and/or other phagocytized debris was unusual. Nuclei were round-to-oval and frequently

eccentric. Nuclear chromatin stained deep purple in a Tinear-clumped pattern. Nucleoli were

single, dark blue and difficult to identify.

The PAM of cynomolgus monkeys, chimpanzees and humans were morphologically heterogenous. The

cytoplasm was either lacy and light blue, or opaque and slate grey. Cytoplasmic vacuolation was

prominent in many cells. In primates, the cellular shape and outlines tended to be more

irregular, as pseudopodia and cytoplasmic blebs were observed often. Large, multinucleated

alveolar macrophages and dust-laden cells were seen frequently in BAL from both nonhuman primates

and man. Nuclei were also more irregular in shape than observed in mice, rats or dogs. However,

the chromatin staining patterns of the nuclei among all species were similar.
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Figure 1 . Cytocentrifuge preparations of pulmonary alveolar macrophages from normal A) mouse,
B) rat, Q dog, ) cynomolgus monkey, C) chimpanzee and F) human. Bar = 20 microns.
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The frequency distribution of PAM size for mouse, rat and dog were statistically similar

(Fig. 2 and the range of cell size for these three species was narrow (Table 2 Comparatively,

the PAM of nonhuman primates and man were larger than those of the mouse, rat and dog and had a

greater range in cell size. The sizes of PAMs of the cynomolgus monkey and chimpanzee were not

statistically different from one another, but were different from those of the mouse, rat, dog and

human. The PAMs of humans were significantly larger than those of all other species evaluated.

No significant differences in the nuclear-to-cytoplasmic ratios of the PAM were noted among the

six species evaluated.

Table 2

Nuclear Area'a Cytoplasmic Area, Nuclear to

Cytoplasmic Ratio and Cell Diameterb of PAM From Six Mammalian Species

c
Species Nuclear Area Cytopl smic Area N:C Ratio Diameter

Mouse 65.7 (0.4)d 214.3 (2.2) 0.35 (0.01) 19 (0.08)

Rat 71.4 (0.5) 187.2 (2.1) 0.37 (0.01) 18 (0.08)

Dog 56.8 (1.1) 147.7 (2.6) 0.40 (0.01) 16 (0.09)

Cynomolgus monkey 96.9 (0.8) 348.3 (4.2) 0.27 (0.01) 23 (0.11)

Chimpanzee 111.2 (0.8) 307.7 (3.9) 0.34 (0.01) 23 (0.11)

Human 101.0 (0.9) 452.0 (5.5) 0.24 (0.01) 26 (0.14)

allnits for area are vm2.

bUnits for diameter are )jm.

CN = 4 for each species.

dStandard error.

DISCUSSION

Morphologic variations of PAM among species may reflect differences in cellular maturation

and/or activation, or inherent species differences in cell size. The finding of smaller cells in

mice and rats than in nonhuman primates and humans was expected, considering the documented size

differences in leukocyte populations in domestic animal species. However, it was surprising that

the PAM of dog were similar in size to those of rodents. These data suggest that PAM size may be

associated with a species' phylogeny, rather than with overall body size.

Values for diameter, area, and/or volume of PAM may vary with the methods of sample

processing. Davies et al. fixed rat PAM in glutaraldehyde-osium followed by embedding in Epon and

sectioning at I um.4 The volumes of control rat PAM used for this technique were 623 Vm3 in one

study3 and 872 pm3 in another. Strom et al.,5 using an electronic particle counter coupled to a

multichannel analyzer, reported that control alveolar macrophages of rats varied in size from 400

to 5000 y3 with a mean of 1170 pm3. Davies et al. reported that PAMs of CD rats had diameters of

11.2 pm, and 96 pm. The larger diameter reported here for the PAM of rats pm) is probably a

result of the cell spreading and flattening that occurs during cytocentrifugation. It has been

reported6 that > 95% of PAMs in dogs are 10 to 15 pm in diameter, values slightly less than those

reported in this study. Others,7 using Fischer F344 rats and cytocentrifuge techniques similar to

those used here, reported a mean cytoplasmic area for the PAMs of control rats of 170 Vm2. This

value is similar to the 187 p2 value found in the present study. The sizes reported for human

alveolar macrophages have varied greatly,2 but values obtained in the present study are within the

range of those reported in the literature.
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Figure 2 Histograms of the sizes of pulmonary alveolar macrophages obtained by BAL from normal
A) mouse, B) rat, C) dog, D) cynomolgus monkey, E) chimpanzee and human. N for each histogram
= 200. Cell area is in vm2. Area to the left of the vertical line represents 90% of total cell
numbers.

Our data showed little variation within each species but showed significant morphologic and

morphometric differences of alveolar macrophages among species. The PAMs of mice, rats and dogs

were similar in size to one another but were smaller than those of nonhuman primates and humans.

The impact of these morphological differences on functional differences among species is unknown.

However, the possibility that the morphological differences may have a significant impact on

function should be considered when designing experiments and selecting species for studying

functional and physiological responses of PAM.
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