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ANTIBODY-DEPENDENT AND ANTIBODY-INDEPENDENT PHAGOCYTOSIS 

Denise R, Shaw 
Frank M. Griffin, Jr. 

GENERAL INTRODUCTION 

Phagocytosis is one of the more obvious and more important 
functions of mononuclear phagocytes. In an effort to under-
stand better this process, investigators have developed numer-
ous in vitro assay systems, which can be divided into several 
groups: those which utilize a particle easily visible by light 
microscopy (1), those which employ radiolabeled particles and 
assay cell-associated label (2), those which employ particles 
that can be quantitated by nephelometry or spectrophotometry 
(3, 4), those which assess cell-associated viable bacteria by 
colony count determinations (5), and those which assess the 
metabolic consequences of phagocytosis such as 02 uptake and 
chemiluminescenee (6). Each of these techniques has its own 
inherent advantages, capabilities for providing information, 
pitfalls, and limitations. 
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II. ASSAY OF PHAGOCYTOSIS BY LIGHT MICROSCOPY 

A. Introduction 

The procedure we have used most extensively (1, 7 - 11) is 
a simple microscopic assay that can provide considerable infor-
mation when the investigator is interested in detecting quali-
tative differences between the ingestibility of particles or 
between the abilities of various cell preparations to ingest a 
particle. To a reasonable extent, it can be used to determine 
ingestion rates. It cannot be used to detect with confidence 
fairly small differences in phagocytic rate or capacity. 

Most of our experience has been with mouse peritoneal mac-
rophages, but we have used the technique with human monocytes, 
neutrophils, and eosinophils. It can be used with any glass 
adherent phagocytic cell from any animal. 

B. Reagents 

1. Particles 

To assess antibody-independent phagocytosis, any of a 
variety of particles that can be seen and enumerated micro-
scopically can be used. Polystyrene latex beads and zymozan 
are commonly employed, and many species of nonencapsulated 
bacteria may likewise be used. Appropriate particle concen-
tration is determined for each system largely by trial and 
error. 

To assess antibody-dependent phagocytosis, again any of 
several particles might be used. The criteria they must satis-
fy are that they are ingested not at all, or only to a minimal 
degree, if not coated with antibody; that they are avidly in-
gested when coated with antibody; that they can be seen and 
enumerated microscopically; and that particles attached to the 
phagocytic cell's surface can either be removed from the cell's 
surface or can be readily distinguished from ingested particles. 
Sheep erythrocytes satisfy all of these criteria, and they are 
the particles with which we have the most experience. We have 
also used erythrocytes of other species, encapsulated pneumo-
cocci and encapsulated cryptococci. Erythrocytes in Alsever's 
solution may be obtained from a number of suppliers (for 
example, Animal Blood Center, Syracuse, New York; GIBCO, Grand 
Island, New York; Scott Laboratories, Fiskeville, ßhode Island. 
The pneumococci and cryptococci we use are clinical isolates 
that are passaged through mice to maintain their capsules (1). 
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2. Antibodies 

Antisera and the IgG fraction of antisera against erythro-
cytes or microorganisms may be prepared in the standard 
fashion, using ammonium sulfate precipitation and column 
chromatography to prepare IgG fractions. When whole antisera 
are employed, they must be heat inactivated at 56°C for 30 min. 
Alternatively, rabbit antisheep erythrocyte IgG may be obtained 
from Cordis Laboratories, Miami, Florida. We have found their 
IgG fraction to be inexpensive and of consistent quality. 

3. Tissue Culture Media 

We have used minimal essential medium, medium 199, RPMI-1640, 
and Neuman and Tytell serumless medium, but probably any tissue 
culture medium can be used. When cultivating macrophages, we 
normally supplement medium with 10 - 20% heat-inactivated fetal 
bovine serum (FBS). However, whenever possible the phagocyto-
sis assay should be performed in the absence of serum to avoid 
introduction of unnecessary variables. 

4. Laboratory Hardware 

A vacuum bottle aspirator (to facilitate washing of cul-
tures) , sterile Pasteur and serological pipettes, sterile 35-mm 
diameter tissue culture dishes, sterile glass or plastic test 
tubes, microscope slides, needle-nosed forceps, and a small 
paintbrush should be available. 

5. Coverslips 

Glass coverslips (Gold Seal, 3550) 13-mm in diameter are 
washed and stored in 70% ethanol. Before use they are steri-
lized by flaming in 95% ethanol. However, there is less spat-
tering during flaming with 100% ethanol. The excess ethanol 
should be drained before flaming. Three coverslips can be con-
veniently arranged in the bottom of each 35-mm culture dish. 

6. Glutaraldehyde Fixative 

A 2.5% solution of glutaraldehyde is prepared in 0.1 M Na 
cacodylate buffer, pH 7.4, and stored at 4°C. 

7. Paraffin-Vasoline Sealer 

A convenient sealer for mounting coverslips onto micro-
scope slides is a heated liquid mixture of 50% paraffin and 
50% vasoline or quick-drying nail polish. 
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8. Antibodies 

The optimal titer of antierythrocyte sera should be deter-
mined by a hemagglutination assay. Twofold serial dilutions of 
antiserum in PBS are prepared in round-bottom microtiter plate 
wells for a final volume of 0.1 ml/well. To each dilution of 
antiserum and to control wells containing 0.1 ml of PBS alone 
is added 0.1 ml of a 2% (v/v) suspension of erythrocytes in phos-
phate buffered saline (PBS). Plates are shaken gently to mix, 
incubated at 37°C for 30 min, and then left undisturbed at 4°C 
overnight. The PBS control wells and wells containing subagglu-
tinating dilutions of antiserum should exhibit distinct "buttons" 
of erythrocytes that have settled to the bottom of the wells. 
Agglutination of erythrocytes by the antiserum results in a dif-
fuse pellet or turbid appearance in the wells. Note that very 
high concentrations of antiserum may result in a "prozone" non-
agglutination reaction, so that care should be taken to examine 
a large range of antiserum dilutions (at least 12 twofold dilu-
tions) . The amount of antiserum used to coat erythrocytes for 
phagocytosis assays should be no more than half the lowest ag-
glutinating concentration, since agglutination of erythrocytes 
may interfere with the assay. 

III. PROCEDURES 

A. Macrophages 

Mononuclear phagocytes may be obtained in a variety of 
ways from a variety of animals, as detailed elsewhere in this 
volume. We shall describe the plating and cultivation of 
mouse peritoneal macrophages, but the techniques are equally 
applicable to other preparations of mononuclear phagocytes and 
to polymorphonuclear phagocytic cells as well. 

The aim in plating is to obtain a nonconfluent monolayer 
of cells sufficiently dense so that there are about 10 - 20 
cells per oil immersion field. Such a monolayer can be ob-
tained by inoculating each 35-mm dish wi th 1 x 106 macrophages. 
For any given cell preparation, one therefore needs to know 
both the total cell count and the percentage of mononuclear 
phagocytes. 
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To each 35-mm dish containing three or fewer glass cover-
slips are added 2 x 10° resident peritoneal cells (50% macro-
phages) or 1.25 x 10° thioglycollate-elicited peritoneal exu-
date cells (80% macrophages) in medium-10% FBS. After a 1-hr 
incubation in a 5% C02 - 95% air incubator at 37°C and 100% 
humidity, dishes are washed twice with PBS to remove nonad-
herent cells, overlaid with medium-10% FBS, and replaced in 
the incubator. Studies may be performed at any time there-
after; we most often assay phagocytosis after 24 or 48 hr of 
in vitro cultivation (7). 

B. Particles 

1. Antibody-Independent Phagocytosis 

As indicated previously, a variety of particles may be 
used. We shall describe a procedure using zymosan, but it is 
applicable to other particles as well. 

A suspension of zymosan particles is prepared as described 
elsewhere in this volume and suspended at the desired concen-
tration (usually about 5 x lO^/ml) in medium without FBS. 

2. Antibody-Dependent Phagocytosis 

Again a variety of particles may be used. We shall des-
cribe a procedure using sheep erythrocytes (E) (1). 

Erythrocytes are washed twice by centrifugation in PBS and 
suspended at a concentration of 5% (v/v) in medium. A 5% sus-
pension is about 10^ E/ml. An aliquot is diluted tenfold in 
medium (0.5% E) and placed on ice. 

Another aliquot is mixed with an equal volume of anti-E 
IgG in medium. The exact quantity of IgG used varies with the 
titer of the antibody. Using rabbit anti-E IgG from Cordis 
Laboratories, we have found that a final concentration of be-
tween 1 and 3 yl/ml of medium is optimal. The mixture is 
placed in a 37°C water bath for 15 min, after which erythrocytes 
are washed twice in cold PBS and resuspended to 10 times the 
original erythrocyte volume in medium. For example, if we began 
with 1 ml of 5% E and added 1 ml of medium containing anti-E 
IgG, then we would resuspend in 10 ml of medium for a 0.5% 
E(IgG) suspension. 

C. The Assay 

(1) Macrophages are washed twice with PBS and overlaid with 
2 ml of fresh medium; 0.2 ml of the particle-containing suspen-
sion is added to each dish and gently mixed. 
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(2) Cultures are placed for the desired time (usually 
30 - 60 min) in a 37°C, humidified 5% C02 - 95% air incubator. 

(3) Cultures are washed twice with PBS to remove non-cell 
associated particles, and then covered with several milliliters 
of PBS. When the particle is an erythrocyte preparation, one 
coverslip is removed with needle-nosed forceps, dipped for 5 
sec only into distilled water, and promptly replaced in the 
culture dish. This treatment will result in the hypotonie lysis 
of erythrocytes that are attached to the macrophage surface but 
will not lyse either the macrophage or ingested erythrocytes. 
Prolonged hypotonie treatment will damage phagocytes. 

(4) PBS is removed and cultures overlaid with ice-cold 
glutaraldehyde. After 10 min or longer, g1utaraldehyde is re-
moved and coverslips overlaid with distilled water. Cultures 
can be stored at 4°C for several days in either glutaraldehyde 
or water, as long as they are kept covered with liquid. 

(5) Coverslips are mounted by inverting onto a microscope 
slide, blotting dry with a Kimwipe, and then sealing the edges 
using a small paintbrush to apply the heated liquid paraffin-
vasoline mixture. 

(6) Mounted coverslips are examined promptly with the oil 
immersion lens of a phase contrast microscope. When erythro-
cytes are the test particles, attachment can be scored on the 
coverslip that was not subjected to hypotonie shock, while in-
gestion can be scored on the coverslip that was. In addition, 
attachment and ingestion may be differentiated by the fact that 
erythrocytes that are attached to phagocytic cells have a 
bright rust-colored sheen, while ingested erythrocytes appear 
dark brown or black and have no sheen. When zyraosan particles 
are used, distinguishing between attachment and ingestion is 
more difficult. A particle that is at the cell periphery or 
that is not in focus when the cell's nucleus is in focus (and 
is therefore not in the same plane as the nucleus) is probably 
attached but not ingested. A particle that is well within the 
cell's periphery, that is in focus when the cell's nucleus is 
in focus, and that is surrounded by a phase lucent area is 
probably ingested. Even using these criteria, it is often dif-
ficult to be certain that a zymosan particle is ingested and 
not simply attached. 

D. Calculation of Data 

Data may be expressed in a variety of ways. Many investi-
gators count the number of phagocytic cells that have attached 
or ingested even one particle and express the results as the 
percentage of cells attaching or phagocytizing. Others estab-
lish some minimum cutoff (e.g., 3 particles/cell) and express 
the results in a manner similar to that above. Still others 
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determine the number of particles ingested per cell and express 
the results as the percentage of cells in groups of phagocytic 
performance: for example, group A might be those ingesting no 
particles; group B, 1 to 3 particles; group C, 4 to 6; group D, 
more than 6. 

We usually determine the percentage of cells ingesting any 
particles and the average number of particles ingested per cell. 
Our results are expressed as the phagocytic index, which is the 
product of the two determinations. For example, if 80% of the 
cells ingested an average of eight particles each, the phago-
cytic index would be 640. Particle attachment can be assessed 
and the results similarly expressed. 

E. Critical Comments 

1. Pitfalls in the Performance of the Assay 

There are several technical problems that may arise but 
which may be avoided or overcome if the investigator anticipates 
them. 

(a) All sera used should be heat inactivated to ensure that 
complement is not playing an unrecognized role in the interac-
tion of cells with particles. 

(b) The assay of phagocytosis should, whenever possible, be 
performed in serum-free medium to eliminate the possibility that 
immunoglobulins or other serum factors are responsible for the 
results obtained. 

(c) In assessing antibody-dependent phagocytosis, concentra-
tions of antibody that result in agglutination of the particles 
must be avoided. Otherwise, particles will form clumps and may 
be unavailable for phagocytosis. 

(d) When antibody-dependent phagocytosis is studied, non-
coated particles should always be run as a control. Only those 
particles that are not significantly phagocytized in the non-
coated state are suitable for studying antibody-dependent phago-
cytosis. 

(e) Particles, especially erythrocytes, must be handled 
carefully to avoid damaging them, for surface alterations will 
render some otherwise noningestible particles ingestible. 

(f) During washing, coverslips may float and slide on top 
of each other. This should be recognized promptly and the 
coverslips moved back into their proper places. Depending upon 
the stage of the assay during which it occurs, failure to cor-
rect this problem can lead to coverslips with no macrophages on 
them, to macrophage damage or death, or to markedly disparate 
phagocytosis results between coverslips in the same dish. 

(g) If left without a layer of overlying liquid for very 
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long, macrophages will dry out and die. Therefore, only four 
or five cultures should be washed at one time, and cultures 
should be recovered with liquid as quickly as possible. 

(h) When media containing bicarbonate buffers are used, 
the pH can rise tremendously when dishes are left out of a CO2 
atmosphere for very long, leading to cell damage and death. 
This can be recognized by the development of a purple color in 
medium containing a pH indicator and should be avoided by 
limiting the time cultures spend outside the incubator. 

(i) Errors in washing can lead to erroneous estimates of 
particle attachment. All assays of particle attachment are 
dependent to some degree upon washing techniques. With inade-
quate washing, one can find that many cells "attach" many types 
of particles. With too vigorous washing, some particles that 
are specifically and fairly firmly attached can be removed. 
The investigator who is beginning to use a technique that as-
sesses particle attachment needs to develop a standard washing 
procedure using particles that are known not to attach and 
particles that are known to attach to the cell studied. Wash-
ing errors generally do not lead to erroneous estimates of 
particle ingestion unless the washing is so vigorous that mac-
rophages are removed from the monolayer. 

(j) Exposure of cultures to hypotonie shock to remove at-
tached erythrocytes can result in damage to or lysis of the 
phagocytic cell. Therefore, it is important to limit the du-
ration of hypotonie treatment to 5 sec. 

2. Advantages and Limitations of the Technique 

We believe that the microscopic assay of particle attach-
ment and ingestion is simple and accurate and have found it 
very useful in situations where qualitative differences are 
being assessed, e.g., where the question posed is whether or 
not phagocytic cells attach or ingest a given particle and, if 
so, under what conditions. In such circumstances, one would 
typically compare positive and negative samples demonstrating 
25- to 100-fold differences in phagocytic indices, the phago-
cytic index for the negative sample being in the range of 10. 
We have little confidence, however, in using the assay to de-
tect relatively small differences between large phagocytic in-
dices. There is simply too much variation in the phagocytic 
indices of identically treated preparations for us to be cer-
tain that a phagocytic index of 900 is actually different from 
a phagocytic index of 700, for example. This procedure also 
allows assessment of heterogeneity of population of phagocytes, 
unlike bulk uptake methods. 

A major problem with all techniques used to study phagocy-
tosis is that particle ingestion is difficult to distinguish 
from particle attachment. Two ways to overcome this problem 
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are (a) to use a particle that the phagocytic cell does not 
bind at all unless the particle's surface is altered, as, for 
example, by being coated with antibody, and (b) to use a par-
ticle that if attached can be unequivocally removed from the 
phagocytic cell's surface. Sheep erythrocytes satisfy both 
conditions. Heavily encapsulated microorganisms such as pneu-
mococci satisfy the first. 

IV. ASSAY OF PHAGOCYTOSIS OF RADIOLABELED PARTICLES 

A. Introduction 

The use of radiolabeled test particles in phagocytosis as-
says can greatly reduce assay volumes and significantly in-
crease the sensitivity of measurements. The assay basically 
assesses the association of particle radiolabel with the mono-
nuclear phagocyte; it can be performed with either monolayer 
or suspension cultures of phagocytes from any source. Erythro-
cytes labeled with 51Cr - Na2Cr04 are frequently used for 
measurement of antibody-dependent phagocytosis and are especial-
ly applicable for the simultaneous measurement of ingestion and 
macrophage-mediated extracellular cytotoxicity (12, 13). How-
ever, it should be noted that radioisotopes are hazardous and 
regulated materials whose use demands special procedures and 
equipment in the laboratory. 

B. Reagents 

1. Particles 

In principle, any of the phagocytizable particles described 
in Section II.B.l could be employed. Major limitations include 
the difficulty in separating phagocytes from radiolabeled 
particles at the end of the assay, the inability to distinguish 
between ingested radiolabel and label associated with particles 
that are merely attached to the phagocyte, and the amount of 
radiolabel that can be specifically introduced into or onto the 
test particle. Erythrocytes are ideal particles since they are 
readily labeled with 53-Cr - Na2Cr04 and since they can be 
preferentially lysed in phagocyte cultures. Radiolabeled bac-
teria have also been used (14). 
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2. Antibodies and Assay Media 

These are basically the same as described in Sections II.B.2 
and II.B.3. 

3. Radiolabeled Sodium Chromâte 

Fresh isotonic solutions of Cr-Na2Cr04 (6.4 yg Na2Cr04/ml, 
1 mCi 51-Cr/ml) should be obtained from the manufacturer fre-
quently (1-2 times/month) since the decay products of 51Cr, 
which accumulate in the preparations, are toxic to cells. The 
solutions should be stored in 4°C in a lead container. (Note: 
The purchase and use of radioisotopes require special licensing 
procedures.) 

4. Lysing Solutions 

A medium for lysing extracellular erythrocytes is prepared 
by making a 0.83% (w/v) solution of NH4CI in isotonic bicarb-
nate buffer, pH 7.2. Lysates of monolayer cultures of phago-
cytes are prepared with a 1% aqueous solution of sodium dodecyl 
sulfate (SDS); other detergent solutions or even prolonged 
treatment with water alone may also be used. 

5. Laboratory Equipment and Supplies 

See items listed in Section II.B.4. The use of disposable 
pipettes and cultureware is strongly recommended when working 
with radioisotopes. In addition, 24-well or 96-well flatbottom 
cluster tissue culture plates (Costar, Linbro), microliter-
range pipettes (Eppendorf-type with disposable plastic tips), a 
gamma counter, and the appropriate facilities for use and dis-
posal of radioactive materials are required. 

C. Procedures 

I. Phagocytic Cells in Monolayer Culture 

Cells are plated, washed, and cultured basically as des-
cribed in Section III.A, except that a more nearly confluent 
monolayer of phagocytes is desired. We routinely culture 
7.5 x 105 mouse peritoneal macrophages in 1 ml of medium-10% 
FBS per 16 mm well of the 24-cluster plates; monolayers may 
also be established in the smaller wells of 96-well tissue cul-
ture plates. It is very important that phagocytes be accurate-
ly dispensed and evenly dispersed in each well. 
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2. Phagocytic Cells in Suspension Culture 

For some preparations of mononuclear phagocytes, a suspen-
sion assay of phagocytosis may be conveniently performed. This 
is true for the continuous macrophage cell lines that are easi-
ly detached from culture vessel surfaces (12) and for other cell 
preparations that can be assayed without prior adherence to a 
surface. Suspensions of 10^ phagocytes/ml of assay medium 
should be kept on ice (to prevent loss by adherence to the ves-
sel) until added to assay tubes. Use of polypropylene tubes 
will also reduce sticking. 

3. Radiolabeling of Erythrocytes 

Approximately 5 x 10^ sheep erythrocytes are diluted with 
PBS and pelleted by centrifugation. Supernatant fluid is care-
fully removed from the pellet, which is then suspended in about 
0.2 ml of 51Cr - Na2CrC>4 solution. The mixture is incubated in 
a 37°C water bath for 1 - 3 hr with occasional agitation. The 
extent of erythrocyte radiolabeling will depend upon both the 
amount of radioisotope added to the erythrocyte pellet and the 
duration of the labeling incubation. 

Erythrocytes are extensively washed after incubation (three 
times with 25 volumes of medium or PBS), counted in a hemacyto-
meter chamber, and adjusted to the required concentration in 
the assay medium. Antibody coating of erythrocytes can be per-
formed either before or after ^1Cr labeling, as described in 
Section III.B.2 above. 

4. Monolayer Assay of Radiolabeled Erythrocyte Phagocytosis 

(a) Monolayers of phagocytes are washed as described in Sec-
tion II above and then overlaid with assay medium, using 0.5 to 
1.0 ml per 24-cluster well or 0.1 ml per 96-cluster well. 

(b) Labeled erythrocytes (0.1 ml) are added to each 24-
or 96-cluster well and plates are gently mixed by perpendicu-
lar motions (north - south and east - west). In general, 
erythrocyte suspensions should be prepared so that a 0.1 ml ali-
quot will contain an excess of erythrocytes in relation to the 
number of phagocytes in each well. We routinely add 5 erythro-
cytes per macrophage for a 2-hr phagocytosis assay; shorter as-
says may call for the use of larger erythrocyte-to-phagocyte 
ratios. 

(c) The efficiency of monolayer phagocytosis assays, es-
pecially those with short assay times, can be increased by 
gentle centrifugation (lowest speed, 2 - 5 min) of the culture 
plates to bring the erythrocytes into contact with the adherent 
phagocytes. Centrifuge carriers manufactured to accommodate 
microtiter plates (Cooke, 220-18)facilitate this centrifugation. 
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(d) Assay plates are incubated in a humidified, 5% CO2 -

95% air incubator at 37°C for periods up to 2 hr. 

(e) To stop the incubation, culture plates are placed on 

ice and washed once in ice-cold medium. Remember that this and 

all subsequent washings are radioactive and should be properly 

disposed of. 

(f) Each assay well is aspirated, overlaid with NH4CI lysing 

buffer, and incubated at room temperature for 5 min. 

(g) Wells are washed twice more in ice-cold medium, then the 

medium is carefully removed and replaced with exactly 0.5 ml 

(for 24-cluster) or 0.1 ml (for 96-cluster) per well of 1% SDS. 

(h) After incubation at room temperature for 15 min, phago-

cytes are further disrupted by several direct up - down pipet-

tings. An accurate amount of lysate f rom each well (e.g., 

0.25 ml for 24-cluster or 0.05 ml for 96-cluster) is trans-

ferred to tubes or vials for determination of radioactivity in 

a gamma counter. 

5. Suspension Assay of Radiolabeled Erythrocyte Phagocyto-
sis 

(a) Phagocyte suspension (0.1 ml) and radiolabeled eryth-

rocytes (0.1 ml) are added to disposable plastic culture tubes 

(e.g., Falcon 2052). Again, the erythrocyte-to-phagocyte 

ratio should usually be in the range of erythrocyte excess. 

(b) The assay tubes are incubated at 37°C in a humidified, 

5% CO2 - 95% air incubator, either on a rocking platform or 

with regular manual agitation, for the desired length of time. 

(c) To stop the incubation, 2 ml of ice-cold medium is 

added to each tube, the tubes are shaken, and then centrifuged 

to pellet cells. 

(d) The supernatant medium is carefully aspirated and pel-

lets gently resuspended in 1 ml NH4CI lysing solution to re-

move extracellular erythrocytes. After incubation at room 

temperature for 5 min, 1 ml of ice-cold medium is added and the 

tubes are shaken and centrifuged. 

(e) The pellets are gently resuspended in 2 ml of medium 

and washed once more. Supernatant medium is carefully aspirated 

from the final pellet, which should contain phagocytes and the 

labeled erythrocytes that they ingested. The pellets may be 

counted directly for radioactivity, or they may be resuspended 

in medium and transferred to vials for the gamma counter. 

D. Calculation of Data 

Results can be expressed in two ways: (a) as the radioac-
tivity (counts per min, cpm) directly measured in the final 
phagocyte fraction, or (b) as the percentage of the total added 
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radioactivity that is detected in the final phagocyte fashion. 
In the latter case, the radioactivity of the original erythro-
cyte suspension that was added to each sample must also be de-
termined and the following calculation performed: 

„ ,̂ _,_ cpm in phagocyte fraction 
% Phagocytosis = -* ζ * * x 100 

total cpm added 

When only partial volumes of a sample are assayed for radio-
activity (as in Section IV.C.4(h) above), appropriate correc-
tions for total volume must be included in the above calcula-
tion. 

E. Critical Comments 

I. Pitfalls in the Performance of the Assay 

The use of radiolabeled particles to assess phagocytic ac-
tivity can yield highly reproducible results if attention is 
given to the following details : 

(a) General precautions outlined in II.E.l for microscopic 
phagocytic assays [specifically (a) - (e), (g) and (h)] are ap-
plicable to the radiolabel assay. 

(b) In contrast to the microscopic assay, it is crucial 
when using radiolabeled particles that the concentrations of 
both phagocytes and particles, as well as assay volumes, be 
exact and accurate. Care must be taken to avoid damage to or 
removal of monolayer phagocytes during aspiration and pipetting. 

(c) Phagocyte preparations should be checked microscopically 
for monolayer density and homogeneity, for possible contaminat-
ing microorganisms, and for normal cellular morphology prior to 
the start of the assay, since it will be difficult if not impos-
sible to assess such parameters by the time the data are col-
lected. 

(d) When initially establishing the assay system, one should 
check for completeness of erythrocyte lysis after NH4CI treat-
ment and for monolayer dispersal after SDS lysis of phagocytes, 
by microscopic examination. Ox erythrocytes may require longer 
NH4CI treatment for complete lysis. Chicken erythrocytes are 
also resistant to lysis and water treatment may be needed for 
their removal (see ref. 12 for procedure). 

(e) Whenever possible, one should attempt to establish a 
correlation between the microscopic measurement of particle in-
gestion and the measured uptake of radiolabel by phagocytes. 
This is especially important when new particles are being tested 
or when assay conditions are being varied, so as to detect arti-
fact ual changes in phagocyte-associated radiolabel. 
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(f) The duration of incubation of radiolabeled particles 
with phagocytes should be limited to 4 hr, and we recommend 
no more than 2 hr. Some phagocyte preparations demonstrate 
measurable excretion of radiolabel into the assay medium, with 
a concommittant decrease in levels of phagocyte-associated 
label, after such lengths of time (authors1 personal observa-
tions (12)). Therefore, prolonged incubation may result in an 
underestimation of the total phagocytic activity that has oc-
curred in a sample. 

(g) We routinely set up control samples in which labeled 
particles are added to wells (or tubes) that contain no phago-
cytes. Either particles themselves or radiolabel released 
from the particles may become nonspecifically associated with 
the assay vessel during incubation and be included in the final 
phagocyte fraction. The measured radioactivity in these con-
trol samples can be subtracted from the values for experimental 
samples when calculating % phagocytosis. 

2. Advantages and Limitations of the Technique 

The use of radiolabeled particles to measure phagocytosis 
enables one to make more sensitive measurements of ingestion 
than the microscopic assay described above and is therefore 
useful in determining rates of phagocytosis or for assessing 
the effects of antibody titers in antibody-dependent inges-
tion (12). The assay also makes more efficient use of cells, 
reagents, and manpower since assay volumes can be greatly re-
duced and since quantitation of phagocytosis does not require 
long hours at the microscope. However, there are several im-
portant limitations to its application. 

First, the investigator must be trained in and usually li-
censed for radioisotope work and must take on the added respon-
sibility of complying with procedures for storage, use, and 
disposal of radioactive materials. The special laboratory fa-
cilities and equipment that are required may be cost-prohibi-
tive. 

Second, the assay does not allow for the assessment of dif-
ferential activities by cells within a population, so that in 
general only homogenous populations of phagocytic cells should 
be used. 

Third, although many types of particles might be efficiently 
radiolabeled, most are very difficult to separate from phago-
cytic cells and it is therefore difficult to distinguish at-
tachment from ingestion. 

Fourth, the measurement of phagocyte-associated radiolabel 
can be influenced by several phenomena other than ingestion. 
Free or protein-bound label released from noningested particles 
may be nonspecifically bound to phagocytes and/or vessel sur-
faces, or be endocytosed by phagocytes. Also, as mentioned 
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above, phagocytes can exocytose radiolabeled digestion products 
from phagocytized particles. It is difficult to adequately 
control for such occurrences and their possible influence must 
be considered when interpreting results. 

V. OTHER ASSAYS OF PHAGOCYTOSIS 

A. Introduction 

We shall briefly review some other techniques for measuring 
phagocytosis that, in general, have more limited applicability. 
The reader should refer to the literature cited for detailed 
descriptions. 

B. Nephelometric and Spectrophotometric Assays of Phagocytized 
Particles 

These assays can provide sensitive measurements of the pha-
gocytosis of certain particles, such as latex beads (nephelo-
metry) (3, 15), and erythrocyte or paraffin oil particles con-
taining oil red 0 (spectrophotometry) (4, 16). They are es-
pecially useful in determining phagocytic rates. A major 
limitation is the difficulty in distinguishing between particle 
attachment to the phagocyte and particle ingestion. 

C. Assays of Bacterial Phagocytosis by Viable Bacterial Counts 

The general technique involves incubating bacteria or other 
microorganisms with phagocytic cells and then assessing the 
number of viable microbes that remain in the culture (5, 17). 
However, most assays of this type actually measure microbicidal 
activity of the phagocytic cells, since microbes attached to 
phagocytes may be killed but not ingested and since ingested 
organisms may not always be killed. Furthermore, the techniques 
involved are laborious and are subject to numerous artifactual 
variations. For example, attachment is difficult to distinguish 
from ingestion, although in some instances this problem can be 
overcome by selectively killing noningested microbes with an 
antibiotic that does not enter the phagocytic cell (17). In ad-
dition, clumping of bacteria may result in several bacteria 
being counted as one colony on the plate. 
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D. Metabolic Indicators as Assays of Phagocytosis 

Various changes in phagocytic cell metabolism that accom-
pany ingestion of a particle can be readily measured in vitro 
(6, 18 - 20). However, such metabolic activities can also be 
modulated by particle attachment alone and by other biologic 
or chemical stimuli. The use of metabolic indicators as an 
assay of phagocytosis is therefore extremely limited. 
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