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GENERAL INFORMATION 

Alveolar macrophages have been studied extensively in 
recent years. The high level of interest has been promoted 
by two factors: (a) recognition that alveolar macrophages 
have an important role in lung biology, and (b) the ease with 
which a nearly pure population of these cells can be obtained 
for immediate study or culture. Except for long-term culti-
vation of monocytes wherein the cells assume some macrophage-
like characteristics, alveolar macrophages are the only 
macrophages that can be recovered from human volunteers (1, 2) 
Current knowledge about alveolar macrophages has been re-
viewed in depth (3, 4). 

Two techniques, bronchoalveolar lavage and lung tissue 
mincing, have been used to harvest alveolar macrophages. 
Lavage is the most widely applied method. First described in 
a classic article by Myrvik et al. as a procedure for obtain-
ing alveolar macrophages from rabbits, lavage is now used 

METHODS FOR STUDYING Copyright © 1981 by Academic Press, Inc. 
MONONUCLEAR PHAGOCYTES 6 9 All rights of reproduction in any form reserved. 

ISBN 0-12-044220-5 



70 METHODS FOR STUDYING MONONUCLEAR PHAGOCYTES 

widely in animals and humans (5). Interest in the procedure 
has extended beyond its use for obtaining alveolar macrophages, 
as other cells in the lavage fluid and the supernatant fluid 
itself have become the subject of investigation. Bronchoal-
veolar lavage is even beginning to be clinically useful (6). 

Lavage involves instilling fluid into the lungs through 
an airway and then promptly removing it by suction. Cells in 
the airways, mainly alveolar macrophages and lymphocytes, are 
dislodged by the lavage fluid and are recovered when the fluid 
is aspirated. In humans and large animals, only a portion of 
one lung is lavaged (7). In small experimental animals, both 
lungs are lavaged promptly after the animal is killed. 

Compared to whole-lung lavage, a much larger number of 
alveolar macrophages can be obtained from minces of lungs (8). 
Macrophages are recovered from 1 - 3 mm minces of tissue by 
vigorous shaking, followed by filtration through nylon cloth 
and low-speed centrifugation. 

Macrophages collected from minces differ qualitatively 
from macrophages obtained by lavage, having a higher oxygen 
consumption and greater resistance to ionizing radiation and 
chemicals that produce oxygen radicals (9-11}. There are prob-
ably other differences. These findings suggest the need for 
caution in generalizing about alveolar macrophages from obser-
vations limited to cells recovered by lavage. 

This chapter describes details of performing bronchoal-
veolar lavage and culturing the macrophages obtained by 
lavage. 

III. OBTAINING HUMAN ALVEOLAR MACROPHAGES 

A. Introduction 

Large numbers of viable alveolar macrophages can be 
lavaged from autopsy material or from surgically removed lungs 
having an intact visceral pleura and a patent bronchus. 
Lavage of healthy volunteers is preferred, however, because 
the cells are obtained from normal tissue, the lavaged airways 
are free of infection, and the procedure can be scheduled at 
the investigator's convenience (12). 
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B. Materials 

1. Equipment 

Fiberoptic bronchoscope (Olympus BF-Type5B2) 
Resuscitation equipment 
Electrocardiographic monitoring equipment 
Oxygen supply and nasal cannula 
Swinging-bucket, refrigerated centrifuge (International 
PR-2) 

Cytocentrifuge (Cytospin, Shandon Southern) 
Cell counting apparatus (particle counter or upright 
microscope and hemocytometer) 

Laminar-flow hood 

2. Supplies for One Lavage 

Medications: Lidocaine HCl for topical anesthesia 
(xylocaine 50 mg/ml and Jelly 2%, Astra Pharmaceutical 
Products); atropine sulfate 0.4 mg/ml, 1.0-ml vial; 
diazepam, 5.0 mg/ml, 2-ml vial (Valium, Roche Labora-
tories) 

Apparatus for intravenous infusion: Sterile 5% dextrose 
in water (500 ml); IV tubing; 19 gauge scalp vein 
needle (catalog No. V 1100, McGaw Laboratories); alco-
hol swabs; adhesive tape 

Sterile, nonbacteriostatic, saline [0.9% (w/v)] for ir-
rigation, warmed to 37°C, 500 ml. 

Sterile iv extension tubing (k50L, Pharmaseal) 
Conical centrifuge tubes, 50 ml, 5 (Falcon Plastics) 
Siliconized glass syringes, 50 ml, Luer-lok, 5 (Becton 
Dickinson) 

Ice bucket, with ice 
Microscope slides, 2 
Dif-Quik stain 
Sterile, plugged 10 ml pipettes 
Medium: 250 ml, Dulbecco's modified Eagle medium or 
RPMI 1640 (GIBCO) 

C. Procedures 

The volunteer should be questioned and examined. Volun-
teers with cardiac disease, pulmonary disease (particularly 
asthma), or drug sensitivities, especially to local anesthetics, 
must be excluded to reduce the risk of serious reaction. Prior 
to lavage, the volunteer must be informed as to the details of 
the procedure and give written consent on the forms for human 
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experimentation applicable to the investigator's institution. 
Along with the consent form, it is useful to include a separ-
ate brief description of the procedure for the volunteer to 
initial after reading. A sample statement follows: 

The procedure for which I am volunteering has been ex-
plained to me in detail. I understand I will have a flexible 
tube (bronchoscope) placed through my nose and into my trachea 
(windpipe and bronchial tubes) for the purpose of obtaining 
lung cells and lung fluid for laboratory studies. Before the 
tube is passed, a local anesthetic will be sprayed in my nose 
and throat. After the tip of the tube is in place in my 
bronchial tube, several volumes (the total to be about 250 ml 
or one-half pint) of sterile salt solution will be placed 
through the tube and immediately recovered by suction. When 
the liquid has been recovered, the tube will be removed and 
the procedure terminated. 

In a bronchoscopy procedure room, the volunteer is con-
nected to electrocardiographic monitoring equipment, an in-
travenous infusion of 5% dextrose in water is begun, atropine 
(0.01 mg/kg of body weight up to 1 mg) is given intravenously, 
and nasal oxygen is administered at 3 liters/min. Local 
anesthesia of the nasopharynx and oropharynx is achieved with 
lidocaine spray and intranasal lidocaine jelly. 

The bronchoscope is passed transnasally by an investiga-
tor familiar with the technique. As an effective lavage is 
not possible in the presence of persistent coughing, adequate 
anesthesia of the larynx must be achieved by lidocaine de-
livered onto the vocal cords through the bronchoscope. The 
tip of the bronchoscope is wedged in a segmental or subse-
quental bronchus, most often in the lateral basal segment of 
the right lower lobe, although some investigators prefer to 
use the middle lobe. The positioning of the instrument is im-
portant because the instilled fluid can only be recovered if 
the bronchoscope completely blocks the bronchus where the 
fluid enters· A wedged position is assured when respiratory 
motion of the airways is no longer observed. Once the bron-
choscope is wedged, the bronchoscopist holds the instrument 
steady while an assistant performs the lavage. The suction 
attachment of the bronchoscope is replaced by a Luer-lok 
("cleaning") attachment, then 50-ml aliquots of warmed 
sterile saline in sterile siliconized glass syringes (which 
has been filled by drawing saline via sterile extension tubing 
from the sterile saline bottle) are instilled and aspirated 
through the bronchoscope. 

Hydrostatic pressure alone is sufficient to instill the 
fluid, and traction on the plunger of the syringe while draw-
ing the fluid back must be gentle to avoid distal bronchial 
collapse. If air or large bubbles return, the bronchoscope 
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is not wedged and it must be repositioned. A maximum of five 
aliquots of 50 ml each are instilled and aspirated. The fluid 
return averages 60% of the amount instilled. The harvested 
fluid is immediately transferred to 50-ml sterile conical cen-
trifuge tubes that are then capped and chilled in an ice 
bucket. 

In a laminar-flow hood, bronchial mucus is removed from 
the lavage fluid by filtration through two layers of gauze (a 
sterile 4 x 4 gauze pad without cotton absorbent backing that 
has been unfolded using sterile technique). The cells are 
sedimented by centrifugation at 200 g for 10 min at 4°C, then 
resuspended in 20 ml of serumless culture medium and washed 
two more times with 20-ml aliquots of medium. The first super-
natant may be saved for biochemical studies. After the cells 
are counted, a differential count is performed on a button of 
105 cells that has been deposited on a glass slide by the cy-
tocentrifuge and stained with Dif-Quik or Wright's stain. No 
effort is made to lyse the few red cells that may be present. 

D. Critical Comments 

Bronchoalveolar lavage has proved remarkably safe and 
free of complications. In several hundred volunteers the 
authors have encountered only four problems. One volunteer, 
who had not received atropine, had momentary unconsciousness 
associated with sudden slowing of the heart rate as the bron-
choscope passed between the vocal cords, probably due to a 
vasovagal reaction. Three others developed fever and pleuritic 
chest pain within 24 hr after the procedure that disappeared 
over 1 - 2 days coincident with a brief course of oral anti-
biotics. Lavage can cause transient, minor abnormalities of 
lung function, but these are preventable by warming the saline 
used for the lavage (13). Of note, repetitive lavages in 
large animals do not appear to lead to functional or morpho-
logic changes in the lungs (14). 

Five 50-ml aliquots is a safe maximum volume of instilled 
saline. The procedure may be modified by installation of 
fewer, or smaller (20-ml) aliquots, with slightly smaller cell 
recoveries. 

•7 

Lavage of healthy nonsmokers yields 1 - 2 x 10' macro-
phages. The cell yield from smokers is highly variable, but 
averages five times the number obtained from nonsmokers. In 
lavage fluid from nonsmokers, alveolar macrophages comprise 
about 80% of the cells, with the balance being lymphocytes. 
The percentage of macrophages is higher in fluid from smokers, 
and the fluid may also contain a small number of neutrophils. 
The increased yield of alveolar macrophages from cigarette 
smokers is counterbalanced by the observation that their cells 
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display a number of differences from cells harvested from 
nonsmokers (15). As noted above, lavage is becoming useful 
as a clinical procedure. Preliminary studies indicate that 
the types of cells and the fluid composition give information 
as to diagnosis and activity of various diseases (6). 

III. OBTAINING ANIMAL ALVEOLAR MACROPHAGES 

A. Introduction 

The authors have performed bronchoalveolar lavage in 
mice, rats, hamsters, guinea pigs, and rabbits. The procedure 
can be accomplished quickly and with relative ease. 

B. Materials 

1. Equipment (see Section II.B.l) 

2. Supplies (first six items in Section II.B.l and the 
following): 

Small-animal board and pins or rubber bands 
Ring stand with clamp 
Pentobarbital sodium, 50 mg/ml (Nembutal, Abbott 
Laboratories) 

Turberculin syringe with 25 gauge needle for injecting 
anesthesia 

iv solution administration set with 250 ml, sterile 
saline [0.9% (w/v)] 

Sterile three-way stopcock 
Sterile 18 gauge catheter placement unit (Cathlon IV, 
Jelco Laboratories) 

Sterile disposable syringe 10 ml (60 ml for use with 
rabbits) 

Suture silk, 4-0 (umbilical tape for use with rabbits) 
Surgical scissors and scalpel with sterile blade (shaver 
also for use with rabbits) 

C. Procedure 

The animal is lightly anesthetized, using 0.15 - 0.30 ml 
pentobarbital sodium intraperitoneally for mice and rats, 
respectively, and 2 - 5 ml intravenously, by ear vein, for 
rabbits. After the animal is supine on the animal board, the 
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abdomen is opened using a lower midline incision extending 
from the xyphoid of the sternum to the symphysis pubis. The 
intestines are retracted and the vena cava is exposed. To 
prevent red blood cell contamination of the lavage fluidf the 
vena cava is cut and the animal is allowed to exsanguinate. 
The diaphragm is exposed, and a small incision is carefully 
made through it on both sides to allow the entry of air. 
After the lungs have collapsed, the anterior half of the rib 
cage is removed, widely exposing the lungs. The lavage is 
performed with the lungs in situ to minimize the chances of 
tearing the pleura and causing leaks. A small midline in-
cision in the neck is made and the trachea is exposed. The 
trachea is cannulated with catheter, and the catheter is se-
cured distally and proximally with suture. One arm of a 
three-way stopcock is attached to the end of the indwelling 
catheter, and a second arm is joined to tubing connected to 
a bottle of saline supported on the ring stand. Saline, at 
room temperature, is then allowed to run into the lungs by 
gravity from a height of about 25 cm above the open thorax. 
Care must be taken to avoid overdistending the lungs. In a 
mouse, for example, the lungs fill with about 1 ml. Once the 
lungs are expanded, the fluid is withdrawn using gentle suc-
tion on a 10 ml syringe (for small animals) that is attached 
to the third arm of the three-way stopcock. Fluid installa-
tion and aspiration is repeated ten to twelve times, and the 
recovered fluid is pooled and chilled on ice. With rabbits, 
the lungs are filled and emptied only three times with ali-
quot s of 50 ml. 

D. Cri ti cal Commen ts 

The number of alveolar macrophages recovered by lavage 
is influenced by the composition and temperature of the lavage 
fluid and by whether or not the lungs are massaged when the 
fluid is instilled. If precise quantification of the cells 
recovered by lavage is part of the study, the lavage condi-
tions must be rigorously controlled and control animals must 
be included with each experiment (16). 

The optimal fluid for lavage is not settled, but it is 
clear that divalent cations should be omitted; otherwise, the 
cell yields will be poor (17). The authors have not tried to 
verify the recent observation that the yields of viable macro-
phages from small animals are increased severalfold by includ-
ing 12 mM lidocaine in the lavage solution (18). Isotonic 
saline, delivered by the procedure described above, is simple 
and reasonably efficient for obtaining viable macrophages. In 
typical-sized animals, approximate numbers of macrophages re-
covered are as follows: mouse 5 x 105; rat 3 x 106; hamster 



TABLE T. Examples of Experimentally Induced Increases of Alveolar Macrophage 

Animal 

Hamster 

Rat 

Rabbit 

Manipulation 

Cigarette smoke 
inhalation, 
repeated 

Fe2°3 aeros°l/ 
3 hr 

PbO in saline 
intracheal, 
once 

BCG intravenous, 
once 

Interval after 
manipulation 

Several weeks 

3-11 days 

7-40 days 

21 days 

Quantification 
of macrophages 

Lavage 
in situ 
Microscopy 

Lavage 

Lavage 

Lavage 

Increase 

Jx 

15% 

Up to 20* 

Up to 20* 
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8 x 10 ; guinea pig 2 x 10'; rabbit 6 x 10. With guinea 
pigs, bronchospasm can prevent successful lavage. This dif-
ficulty is avoided by lavaging promptly after exsanguination, 
or by giving diphenhydramine hydrochloride intraperitoneally 
30 min before lavage (19). 

Apart from the details of the lavage procedure and the 
size of the animal, the yield of macrophages obtained by 
lavage depends upon whether the animal has had manipulations 
to influence the alveolar macrophage population. Experimen-
tally, alveolar macrophage populations can be boosted marked-
ly in a number of ways (Table I). In some experimental models 
the increased population appears to be due mainly to recruit-
ment of cells from the bone marrow, rather than division of 
resident macrophages, while in other models, both mechanisms 
are operative (25, 26). 

IV. CULTURING ALVEOLAR MACROPHAGES 

A. Introduction 

Human and animal macrophages obtained by lavage as des-
cribed in Sections II.C and III.C remain viable in long-term 
culture (12, 20). In general, the technical details for cul-
ture are similar to those for culturing peritoneal or bone 
marrow macrophages. 

B. Materials 

1. Equipment 

Laminar-flow hood 
Inverted phase-contrast microscope 
Cell-counting apparatus (particle counter or upright 
microscope and hemocytomer) 

2. Supplies 

Sterile plugged pipettes 
Sterile transfer pipettes 
Culture vessels (see below) 
Medium: Human cells: Dulbecco's modified Eagle medium 
or RPMI-1640 (Catalog No. 320-1885 and 320-1875, GIBCO), 
containing 10% (v/v) human serum or fetal calf serum, 
penicillin 100 U/ml fungizone, 0.25 yg/ml/streptomycin 
100 yg/ml (Antibiotic-Antimycotic Solution, Catalog 
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No. 600-5240, GIBCO) 
Animal ce l l s : ct-MEM (Flow Laboratories, Inc.) containing 

10% feta l calf serum and 5% horse serum 

C. Procedure 

In a laminar flow hood, macrophages are suspended in 
sterile medium at a concentration of 2 x 10^ cells/ml. The 
cell suspension is transferred to sterile culture vessels. 
Representative culture vessels, minimum medium volumes, and 
number of macrophages are listed in Table II. If confluent 
cultures are not desired (as, for example, in experiments in-
volving macrophage proliferation), the cell concentration in 
the final suspension before plating is decreased, keeping 
constant the volume of medium per culture vessel. After ad-
dition of the cell suspension, the culture vessel is gently 
swirled to distribute the cells over the entire surface, and 
then it is placed in a water-jacketed C02 incubator. To 
eliminate nonviable cells, neutrophils, red blood cells, and 
the majority of lymphocytes, at 1 hr the medium is removed 
with a sterile transfer pipette and the plate is washed with 
warm, sterile saline. Warm, fresh medium is then added im-
mediately and the culture vessel is returned to the incuba-
tor. When confluent cell layers are maintained in the volumes 
of medium described, the medium is spent rapidly and must be 
replaced with fresh, warm medium at least every 2 - 3 days (or 
when the indicator begins to turn yellow). 

D. Critical Comments 

Human alveolar macrophages survive well in medium sup-
plemented with fetal calf serum or adult human serum (Fig. 1) 
(12, 27). Dulbecco's modified Eagle medium, RPMI-1640, or 
other media, such as McCoys or 199, may be used with little 

TABLE XT. Preparation of Confluent Cultures of Alveolar 
Macrophages 

Culture Vessel Medium (ml) Cells (*10~6) 

35-771777 dish 1 2 
60-mm dish 5 10 
100-mm dish 10 20 
25-cm2 T flask 3 6 
75-cm2 T flask 10 20 
ISO-cm2 T flask 20 40 
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Fig. 1. Seven-day-old culture of human alveolar macrophages obtained from a smoker. The 
cells were plated at 3 x 105/cm2 in DMEM containing 10% fetal calf serum (a) or 10% human serum (b) , 
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influence on cell survival. Irrespective of the type of 
medium, however, the cells have rapidly deteriorating viability 
after 3 - 4 days in serumless medium, even when it is enriched 
with lactalbumin hydrolysate, transferrin, and insulin. 
RPMI-1640 appears to be the medium of choice for human al-
veolar macrophages in serum-free conditions. 

We do not use antibiotics when rodent alveolar macro-
phages are cultured. However, because of the inherent lack of 
sterility associated with bronchoscopy, we routinely include 
antibiotics in cultures of human alveolar macrophages. 

To avoid variations in pH of the medium, it is wise to 
minimize the frequency of observation of the cells and even to 
avoid repeated opening of the incubator. Handling of 35-mm 
culture dishes is facilitated, and their gaseous environment 
stabilized, by keeping the dishes within larger culture dishes, 
several per container. 

The success in maintaining human alveolar macrophages in 
culture has not extended to efforts at growing them. In con-
trast to rodent alveolar macrophages, techniques have not been 
developed for promoting cell growth and colony formation of 
human alveolar macrophages (28, 29). 
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