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FUNCTIONAL ABILITY AND FATE OF PULMONARY ALVEOLAR MACROPHAGES AFTER

INTRATRACHEAL INSTILLATION INTO RATS

Abstract - Pulmonary alveolar macrophages (PAM) from

donor rats were intratracheally Instilled nto recip- PRINCIPAL INVESTIGATORS

ient rats to determine if donor macrophages were M. B. Snipes

functionally similar to the recipient's own macro- D. Feddersen

phages. Recipient and donor (extrinsic) P were H.-L. Mueller

equivalent in their ability to phagocytlze 17 and R. A. GuIlmette

3.9 pm latex microspheres in vivo and sensitized P. J. Maley

sheep red blood cells in vitro. Also, the extrinsic

PAM appeared functionally equivalent to recipient PAM with respect to ability to translocate into

interstitial tissue and migrate to the lung-associated lymph nodes (LALN). The recipient PAN

appeared to phagocytize the extrinsic PAM, but the extrinsic PAN did not appear to phagocytize the

recipient PAM. This could represent a dfferent degree of physiological coordination of Intrinsic,

and extrinsic PAM activities In the lung. Overall, results indicated that extrinsic PAM can live

and function in the angs of recipient rats, and perform most or all of the functions ascribed to

recipient PAII. Results also support the hypothesis that PAN are able to move into the pulmonary

incerstitium and translocate to the LALK without the Involvement of other pulmonary macrophages.

Pulmonary alveolar macrophages (PAM) play important roles in the retention and clearance of

inhaled particles. PAM are capable of rapidly phagocytizing particles deposited in the pulmonary

region and transporting them up the mucociliary escalator, migrating to the lung-associated lymph

nodes (LALN), remaining in alveoli, or migrating into the interstitium. These processes appear to

be common to all mammals, including humans. While the processes are generally recognized,

specific mechanisms have not been clearly described for any species.

We are evaluating the use of donor PAM in mechanistic studies to define PAM activities in the

lung. An important aspect of this work involves assessing the functional status and biological

fate of intratracheally instilled donor PAM. This will determine if donor PAM are viable and

functionally able to phagocytize particles in the recipient's lung, are able to migrate into the

pulmonary interstitium or move up the ciliated airways, or to translocate to the LALN. This study

was designed to evaluate the phagocytic ability, viability, retention, and clearance to LALN of

intratracheally instilled donor PAM as compared to recipient (host) PAM. A potential neutrophil

or lymphocyte response in recipient rats to the donor PAM was also evaluated.

METHODS

Fluoresbriteo carboxylated fluorescent microspheres were obtained from Polysciences, Inc.,

Warrington, PA. These polystyrene latex microspheres are not considered biologically hazardous.

Three different kinds of microspheres were used, differing in color or size to allow their

differentiation under epifluorescent microscopy. We used 17 pm blue microspheres and 17 im and

3.9 jim yellow-green microspheres. The microspheres were washed twice by centrifugation with

distilled water. The pellets of washed microspheres were resuspended in distilled water to

produce a concentration of 4 x 108 microspheres per mL. An equal volume of 1.8% saline solution
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was added to each suspension. The suspension was then sonicated for 15 min prior to intratracheal

instillation.

Male F344/N rats. 10-12 wk old, were obtained from the ITRI colony. Table shows the

assignment of the rats to experimental groups. Thirty-one rats were used as donors of PAM. Prior

to harvesting PAM, 24 of the rats were anesthetized with halothane and intratracheally instilled

with 0.5 mL of saline suspension containing 10 17 pm blue fluorescent microspheres. The other 7

rats, to be used as sources of control PAM, were intratracheally instilled with 0.5 mL of saline.

The remaining 59 rats were used as recipients. Seventeen rats were used as saline controls

and received 0.5 mL of saline on days and 4 of the intratracheal instillations. Another 17 rats

(Group recipients) received 0.5 mL of saline containing 108 17 pm green microspheres on the

first instillation day and 0.5 mL of saline containing 4 x 106 control PAM on the second

instillation day. An additional 17 rats (Group 2 recipients) received the same instillations as

Group 1, but on the third instillation day they received an additional 0.5 mL of saline containing

108 39 pm green microspheres. Eight rats were used as PAM controls. They were instilled with

0.5 mL of saline on the first instillation day and 0.5 mL of saline containing 4 x 106 control PAN

on the second instillation day.

Table I

Activity and Evaluation Schedule to Determine the Functional Ability and Fate of

Pulmonary Alveolar Macrophages After Intratracheal Instillation into Rats

Day of Saline PAM Recipients

Study Donors Controls Controls Group I Group 2

1 ITa Saline IT Saline IT Saline IT 17 pm IT 17 )jm
or 17 pm Green Green
Blue Microspheres Microspheres Microspheres
(1 x 108) (l x 108) (l x 108)

4 Harvest IT Saline IT Control IT Donor IT Donor
Donor PAMb PAM PAM PAM
by Lavage (4.4 x 106) (4.5 x 106) (4.5 x 16)

5 Sac.c Sac. Sac.

7 Sac. Sac. Sac. IT 39 m
Green
(I x 108)

8 Sac.

10 Sac.

11 Sac. Sac.

14 Sac.

18 Sac. Sac.

21 Sac.

25 Sac. Sac.

28 Sac.

aIntratracheal instillation; numbers of microspheres or macrophages in parentheses.

bpulmonary alveolar macrophages.

CSacrifice 3 rats per time point.
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The animals were anesthetized by sodium pentobarbital injection and killed by exsanguination.

fhe PAM were collected by bronchoalveolar lavage using 4 aliquots of 7 mL 09% ice cold saline.

LALN 1979-80 Annual Report, LMF-84, pp. 348-352) and the lungs of recipient rats from Group I and

Group 2 were saved in 10% cold, buffered formalin. One LALN and one lung from each sacrifice

group was embedded in cold glycol methacrylate. The embedded tissues were sectioned at 2 and 4 m

for microscopic examination.

The lavage fluids were kept on ice between collection and processing for evaluation. The

lavage fluid samples were centrifuged at 1000 rpm 170 x g) for 10 min. The pellets were

resuspended in 10 mL of cold 09% saline. Cell counts were made using a hemocytometer and PAM

viability was determined by a trypan blue exclusion test. A phagocytosis assay was performed on

PAM from the saline controls and recipients from Groups and 2 Cytospin preparations were made

with samples of the lavage fluids, then stained with Diff-Quick. Differential cell counts and

numbers of fluorescent microspheres in the PAM were determined using a combination of light and

epifluorescent microscopy.

All LALN not used for slide preparations were digested using 2 mL of 40% tetraethyl ammonium

hydroxide (TEAH). After 96 h, the TEAH solutions were neutralized by the addition of HC1. These

solutions were individually filtered through 25 mm diameter, 02 Jim pore size nuclepore filters.

The filters were examined to determine the numbers and types of fluorescent microspheres present

in the LALN.

RESULTS AND DISCUSSION

The viability of the donor PAM (labeled with blue fluorescent microspheres) was the same as

that of the recipient PAM (labeled with fluorescent green microspheres).

Figure 1 shows the changes in percentages of neutrophils in lavage fluid from the saline

controls, PAM controls, Group 1, and Group 2 It was anticipated that one or more groups of rats

would have an increase in neutrophils as a consequence of the intratracheal instillation

procedure. The saline controls had an increase in neutrophils that disappeared before day 3.

There was a similar neutrophil response in recipient rats after the intratracheal instillation of

PAM labeled with blue microspheres (Group 1). This suggests that the quantity of PAM instilled

was not sufficient to cause a response, or that the donor PAM did not elicit a response under our
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Figure Neutrophil percentages in cell pellets of bronchoalveolar lavage fluid (mean SE;
N = 3.
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conditions of intratracheal instillation. A puzzling result was that instillation of unlabeled

donor PAM produced an increase in neutrophils. The neutrophil response seen in Group 2 was

expected and was attributed to the instillation of 39 pm green microspheres. The lymphocyte

responses to the intratracheal instillation procedures were consistent for all days of the study

and for all groups; lymphocytes constituted between 0.5% to 20% of the total cells recovered in

the lavage procedure.

The distribution of microsphere particle loads for PAM containing only one type of fluorescent

microsphere is shown in Figure 2 It is important to note that the recipient PAM (containing 17

Jim green microspheres) and the donor PAM (containing 17 pm blue microspheres) contained the same

number distribution of microspheres. This is important because the number of microspheres may

affect the functional ability of the PAM. Because the donor and recipient PAM had the same

numbers of particles, any differences in functional ability may be attributed to physiological or

functional differences between recipient and donor PAM. It can also be seen from Figure 2 that

the PAM labeled with 39 pm green microspheres had a slightly higher percentage of PAM with 5

microspheres. This difference was significant (p < 0.05) by the Student's t test and was most

likely a consequence of the PAM's inability to phagocytize the same numbers of the large and small

microspheres.

There was no significant difference between donor and recipient PAM in ability to phagocytize

3.9 Jim green microspheres (Fig. 3 Figure 3 illustrates results for day only. Interpretation

of results for later times was difficult due to mixing of the smaller microspheres among PAM. Our

interpretation is that the ability of donor and recipient PAM to phagocytize microspheres in vivo

was not different.

There were no significant differences in the ability of PAM labeled with 1-5 microspheres,

either 17 pm blue or 17 Vm green, from any group to phagocytize SRBC (Fig. 4 Likewise, there

were no significant differences among PAM labeled with 610 or ll+ microspheres for phagocytosis

of SRBC (data not shown but similar to Fig. 4 This result was consistent with the in vivo

phagocytic ability of these PAM.
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Figure 2 Fluorescent microspheres in pulmo-
nary alveolar macrophages (PAM) one day after
intratracheal instillation. Only PAM contain-
ing 17 jm blue, or 17 jim green, or 39 jim
green microspheres were scored for this figure
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Figure 3 Distribution of 39 Jim green fluo- Figure 4. Phagocytic ability of pulmonary
rescent microspheres among donor and recipient alveolar macrophages (PAM). Results are ex-
pulmonary alveolar macrophages (PAM). The PAM pressed as percentages of PAM that phagocytized
used for this figure contained only 17 pm blue 0, 1-5, 610, or ll+ sheep red blood cells
or only 17 Jim green microspheres, in addition (controls), donor PAM containing 1-5 blue 17
to the 39 pm green microspheres (mean -t SE; Jim microspheres, and recipient PAM containing
N = 3 1-5 green 1 7 pm microspheres (mean ± SE; N

3).

It was assumed that all microspheres would be phagocytized after 24 h. We waited an

additional 48 h to allow any neutrophil responses to subside. Therefore, when the intratracheal

instillations were done, none of the microspheres associated with the donor PAM should have been

free in the saline suspension used for the instillations. This was intended to minimize mixing of

particles, which would result in the 2 colors of 17 pm microspheres being in the same phagocytic

cells immediately after the instillation procedure. Mixing in fact was minimal, as can be seen in

Figure 5. After day, mixing of particles in the PAM was still less than 1%. There was,

however, an increase in mixing of particles with time, to a maximum of 11% by day 2 This would

most likely have been due to one PAM phagocytizing another PAM, or to the release of particles by

PAM for subsequent phagocytosis by other PAM. If microspheres were being released, then both

recipient and donor PAM should have shown increases in mixing. Figure 6 shows the mixing of 1 .7
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Figure 5. Pulmonary alveolar macrophages from Figure 6 Pulmonary alveolar macrophages from
Group 1, with mixing of 17 Jim green and 17 pm Group 2 with mixing of 17 pm blue and 39 m
blue fluorescent microspheres (mean ± SE; N green fluorescent microspheres (mean ± SE; N
3, except for N = I for day 14 data). 3).
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pm blue (donor PAM) and 39 vm green microspheres. There was no increase in mixing over time,

indicating that microspheres were not being released from PAM, or were released only to a limited

extent. Figure 7 shows the mixing of 17 lm green (recipient PAM) and 39 Jim green microspheres.

In this case, there was an increase of mixing with time. The results shown in Figures and 

suggest that the recipient PAM, but not donor PAM, were able to phagocytize other PAM.

40 -

30 -

z

cc
20 -

10

L L
0 6 2 1 8 22

DAY OF STUDY

Figure 7 Pulmonary alveolar macrophages from
Group 2 with mixing of 17 Jim green and 39 pm
green fluorescent microspheres (mean SE; N
3).

The LALN were digested and filtered to see if all three types of microspheres were

translocated to the LALN. As indicated in Figure 8, all three types of microspheres were found in

the lymph nodes, to essentially the same extent. Although the data were not conclusive, the

results followed the general pattern of an initial influx of particles during the first 24 h and a

decrease in the number of particles entering the LALN afterwards. This is consistent with our

previous results�

After evaluation of histological slides, the following observations were made regarding PAM

containing only blue microspheres in lung or LALN. These were the only PAM whose source was known

with some degree of certainty. PAM containing mixtures of microspheres or only green microspheres

were also present, but these cells could have phagocytized bare microspheres that penetrated into

the interstitium or to the LALN. The 17 pm blue microspheres were instilled into te recipient

rat lung in donor PAM and the opportunity did not exist for bare fluorescent blue microspheres to
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Figure 8. Numbers of fluorescent microspheres in lung-associated lymph nodes expressed as

percentages of the numbers instilled into the lung (only I rat per group).
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exist in the recipient rat lung. The 17 pm blue microspheres found in PAM in the pulmonary

interstitium or LALN were mostly individual blue microspheres. This result strongly suggests that

the donor PAM were able to move into the interstitium and translocate to the LALN without being

phagocytized by other PAM or without being transferred from PAM to interstitial macrophages.

CONCLUSIONS

Recipient and donor PAM were equivalent in their ability to phagocytize microspheres in vivo

or SRBC in vitro. Donor and recipient PAM were also equally able to move independently into the

interstitium and translocate to the LALN. Recipient PAM appeared able to phagocytize other PAM in

the lungs, whereas donor macrophages did not appear to phagocytize the recipients' intrinsic PAM.

In summary, donor PAM in F344/N rats appear to be functionally equivalent to the recipient's own

intrinsic macrophages with regard to viability, phagocytic ability, and mobility. However, the

donor PAM may be perceived as foreign to the recipient and may be phagocytized to some extent.
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