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IDENTIFICATION OF MONONUCLEAR PHAGOCYTES 
BY INGESTION OF PARTICIPATE MATERIALS, 

SUCH AS ERYTHROCYTES, CARBON, ZYMOSAN, OR LATEX 

Steven M. Taffet 
Stephen W. Russell 

GENERAL INTRODUCTION 

Mononuclear phagocytes and neutrophils are "professional" 
phagocytes. This colorful description was first applied by 
Rabinovitch (1) to distinguish these cell types from others 
that can ingest particles, but that are far less efficient at 
doing so. The description is useful to us here because it 
calls attention to two points: (i) there is another inflam-
matory cell type that is avidly phagocytic, namely, the neutro-
phil; and (ii) given the right conditions, still other cell 
types can engulf particulate material. Thus, phagocytosis is 
by no means a specific marker for mononuclear phagocytes. 
Rather, it must be considered as but one of several, or more, 
criteria that need to be applied to identify a cell positively 
as a mononuclear phagocyte. As long as this caveat is remem-
bered, phagocytic capacity can be a useful, stable marker 
that is of help in identifying mature mononuclear phagocytes. 
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II. PREPARATION AND PROCESSING OF MACROPHAGE MONOLAYERS 

A. Introduction 

Mononuclear phagocytes are generally less avidly phago-
cytic when in suspension, especially if particles do not bind 
strongly to their surfaces. In addition to increasing the ef-
ficiency with which uptake occurs, by forming a monolayer, one 
enriches for mononuclear phagocytes and other adherent cells, 
eliminates loss of adherent cells from suspensions during in-
cubation steps, and facilitates the removal of uningested par-
ticles after incubation has been completed. Whenever possible, 
we recommend use of monolayers in this assay rather than sus-
pensions. Monolayers can be established on either glass 
coverslips or the bottoms of plastic wells. Of the two, cover-
slips are easier to handle and, hence, the approach of choice. 
If it is necessary to use plastic wells, the bottoms can be 
punched out or excised with a heated scalpel after the ad-
herent cells have been fixed and stained. 

B. Reagents 

(1) Medium: Modified Eagle's medium supplemented with 
15 mM HEPES, 100 U/ml penicillin, 100 yg/ml streptomycin, and 
10% fetal bovine serum (FBS). The FBS should be free of de-
tectable endotoxin (Sterile Systems, Logan, Utah). 

(2) Tissue culture plate containing twenty-four 16 mm-
diameter wells (e.g., Costar, Catalog No. 3524, Cambridge, 
Massachusetts). 

(3) Coverslips (Bellco, Vineland, New Jersey), 12 mm-
diameter. These are washed by boiling repeatedly in distilled 
water and sterilized by autoclaving. Sticking of the cover-
slips together during autoclaving can be prevented by layering 
them on gauze in a Petri dish. 

(4) Diff-Quik stain set (Harleco, Gibbstown, New Jersey) 
(5) A small, curved, fine-tipped forceps 
(6) Glass microscope slides 
(7) Mounting medium (e.g., Permount, Fisher Scientific, 

Fair Lawn, New Jersey) 

C. Procedure 

(1) Place one coverslip in each assay well. 
(2) After performing a differential count, seed the cells, 

based on how many mononuclear phagocytes are present in the 
suspension. While the number needed will vary depending on the 
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source of the cells and how they have been treated, 10 mono-
nuclear phagocytes per well is appropriate for many prepara-
tions. The object is to plate fewer adherent cells than the 
number that will yield a confluent monolayer. As confluency 
is approached, it becomes more difficult to distinguish clearly 
between what is inside and what is adherent to the outside of 
individual cells. 

(3) After allowing the cells to settle and adhere for 
0.5 - 2 hr (the time needed varies with the population), nonad-
herent cells are washed away. Repeated, gentle jetting of 
medium from a Pasteur pipette usually will suffice. Care must 
be taken at this step not to wash away significant numbers of 
raononuclear phagocytes, should they be lightly adherent. Two 
coverslips, one for exposure to the particulate material and 
one to be carried in parallel for differential analysis, should 
be processed for each sample. 

(4) When the phagocytosis assay has been completed, the 
monolayers are washed to remove free particulate material. 
Generally at this point it is well to continue the incubation 
for 30 - 60 min, so that uningested material that is adherent 
to the surfaces of cells can be engulfed. This step is unneces-
sary when erythrocytes are used, because they can be removed by 
hypotonie lysis. 

(5) The coverslip is removed from the well with the fine-
tipped forceps, fixed and stained, according to the instruc-
tions provided with the Diff-Quik stain set. 

(6) After the two stained coverslips for each sample have 
been air dried, they are mounted, using a medium such as Per-
mount (or, in the case of plastic, immersion oil), so that the 
cells can be examined microscopically. The coverslip that was 
exposed to the particulate material is used to enumerate phago-
cytic cells, while the coverslip that was carried in parallel 
through the washings and incubations but never exposed to par-
ticles is used to determine the percentage of neutrophils in 
the monolayer. From these data, the number of phagocytic cells 
that are mononuclear phagocytes can be estimated (see below). 

(7) The person who is counting cells in monolayers will 
find the job easier and the data more reproducible if a gridded 
ocular is used in the microscope. This will be especially true 
if many cells are present in each field, or counting is done at 
a relatively low power. Counting at a higher power has the 
added advantage of facilitating differentiation between par-
ticles that are inside or outside of cells. 

D. Critical Comments 

Two major pitfalls associated with forming monolayers center 
around cell loss caused by excessively vigorous washings and 
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overcrowding. How each of these problems is to be avoided will 
vary with the population of cells being used. These considera-
tions must, therefore, be addressed and worked out empirically 
in pilot experiments before a phagocytic assay is undertaken. 
If serum is excluded from the medium during the adherence step, 
nonspecific adherence of lymphocytes will dramatically increase. 

III. Fc-MEDIATED PHAGOCYTOSIS OF SHEEP ERYTHROCYTES 

A. Introduction 

The professional phagocytes bear Fc receptors and are 
capable, therefore, of efficiently phagocytosing antibody-
coated particles. Use of this approach, especially with large 
particles (usually erythrocytes), virtually excludes uptake by 
cell types that lack the Fc receptor. 

B. Reagents 

Tissue culture medium, e.g., modified Eagle's medium sup-
plemented with 15 mM HEPES and heat-inactivated fetal bovine 
serum (final concentration, 10%). 

Sheep erythrocytes (sRBC) (available from many supply 
houses). These should be as fresh as possible (<2 weeks) to 
reduce nonspecific uptake. Wash them several times in medium 
and resuspend the packed sRBC in medium (5%, v/v). 

Rabbit antibody (IgG fraction) against sRBC is obtainable 
from Cordis Laboratories (Miami, Florida). The antibody 
should be diluted to the extent that it just fails to agglu-
tinate the sRBC. 

C. Procedure 

(1) Macrophage monolayers are prepared as above. Each 
well should contain 0.5 ml of medium. 

(2) Antibody-coated sRBC (EA) are prepared by incubating 
1 ml of sRBC suspension with 1 ml of appropriately diluted 
antibody (30 min, 37°C)· EA are washed 3 times and resuspended 
in 5 ml of medium. 

(3) 0.05 ml of the EA suspension is added to each well, 
after which monolayers are incubated for 1 hr (37°C). 

(4) The monolayers are then washed gently 3 times to remove 
unattached EA. 

(5) Coverslips are removed from the wells using fine 
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pointed, small curved forceps and dipped in distilled water to 
lyse attached EA that have not been ingested. 

(6) Monolayers can be fixed and stained for examination, 
as described in Section II, or examined by phase microscopy as 
a wet mount. The percentage of cells that contain erythrocytes 
is determined. In technically good preparations, the number of 
EA that each cell has engulfed can be counted. 

D. Critical Comments 

While the assay for Fc-mediated phagocytosis is relatively 
simple to perform, there are pitfalls. Chief among these is 
reduced uptake due either to insufficient antibody or to the 
wrong antibody used to sensitize the indicator erythrocyte. 
With regard to antibody density, it is essential to be at a 
level that is just below that which will cause agglutination. 
Certain bovine erythrocytes can be loaded with extraordinary 
amounts of IgG without agglutinating (2) and may, therefore 
be better indicator cells than sRBC. Preparation of such an 
indicator cell would include finding an animal whose RBC have 
poor agglutinating properties and preparing a rabbit antiserum 
against that animal's erythrocytes. Antibody type is also 
critical. For example, rabbit IgM will not bind to the Fc re-
ceptors of mouse mononuclear phagocytes (3). 

A final comment regards the use of Fc receptor-mediated 
phagocytosis as a means of identifying mononuclear phagocytes. 
Not all mononuclear phagocytes are avidly phagocytic within 
the duration of the assay described here. This fact serves to 
reemphasize the need to use more than a single identifying cri-
terion. 

IV. CARBON PARTICLES (CHINA INK) 

A. Introduction 

China ink, a suspension of carbon particles, is a useful 
marker for phagocytic cells (4). Phagocytes are seen, when 
the technique works properly, as black due to their content of 
carbon compared to nonphagocytic cells that stain normally. 
The major advantage of this technique is the ease and rapidity 
with which it can be performed. 



288 METHODS FOR STUDYING MONONUCLEAR PHAGOCYTES 

B. Reagents 

(1) Tissue culture medium (Section II.B.(l) 
(2) China Ink - Pellikan 50 special black (Günther Wagner, 

Germany). 
This product is available at most art supply stores. The 
china ink is dialyzed against two changes of phosphate-buffered 
saline. 

C. Procedure 

(1) Monolayers are prepared as in Section II. 
(2) To each well containing 0.5 ml of medium, add 0.1 ml of 

the dialyzed ink. Incubate monolayers with the carbon particles 
for 30 min at 37°C. 

(3) Wash the monolayers 4 times to remove unabsorbed carbon 
particles. Incubate the washed cells for an additional 30 - 60 
min in fresh medium at 37°C to allow engulfment of particles 
that are still attached to cell surfaces. 

(4) Remove the coverslips and prepare them for examination, 
as described in Section II. 

D. Critical Comments 

The principal problem with carbon particles centers on 
their tendency to obscure the cells with which they are asso-
ciated. Neutrophils engulf this material and, when engorged 
with it, can be indistinguishable from mononuclear phagocytes 
that are similarly filled. If neutrophils contaminate the 
monolayer, it is essential that the result with carbon be in-
terpreted as indicative of the total number of phagocytic cells 
in the monolayer. This figure can be corrected, if the per-
centage of neutrophils is obtained by differential analysis of 
a second, parallel monolayer that has not been exposed to car-
bon. The identity of a cell can also be obscured if carbon 
particles are adherent to its surface. Thus, it may not be pos-
sible to distinguish between a phagocyte and a nonphagocytic 
cell type if particles remain on cell surfaces. 
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V. ZYMOSAN 

A. Introduction 

Zymosan particles are yeast cell walls. They are large, 
easily seen, and are rapidly taken up by phagocytic cells. As 
with carbon, uptake of zymosan offers a rapid, relatively 
simple assay of phagocytic activity. 

B. Reagents 

(1) Tissue culture medium (see above) 
(2) Zymosan (ICN Pharmaceuticals, Cleveland, Ohio). This 

reagent is prepared by suspending the particles in phosphate-
buffered saline (PBS) at a concentration of 20 mg/ml. The 
covered container is then placed in a boiling water bath for 
1 hr, with shaking every 5-10 min. Particles are centrifuged 
out of suspension and washed 5 times by centrifugation through 
PBS. The washed zymosan is resuspended in PBS (50 mg/ml), 
stored in aliquots, and frozen (-20°C). 

C. Procedure 

(1) The amount of zymosan to be used in each well should 
be empirically determined. The amount should be the least that 
will allow uptake of the particles by all cells that will do 
so, but not so much that later differentiation of the cells be-
comes a problem due to residual zymosan. We routinely use 
10 - 50 yl of the stock solution per well. 

(2) Incubate monolayers with the zymosan for 30 min at 
37°C. Wash to remove nonadherent particles. 

(3) Continue the incubation in fresh medium for 30 - 60 min 
to allow for particles that are adherent to cell surfaces to be 
ingested. 

(4) Process the monolayers for microscopic examination, as 
described above. 

(5) The zymosan associated with monolayers will not stain 
by the Diff-Quik procedure. The particles within stained cells 
will appear transparent to opalescent blue, giving the appear-
ance of a vacuole in many instances. 

D. Critical Comments 

The principal problem is that cells in the monolayer may be 
obscured by uningested particles. To avoid this difficulty, 
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the addition of excess zymosan must be avoided, and time must 
be allowed after washing for particles to be ingested that are 
still adherent to cell surfaces. The nuclei of phagocytic 
cells may be pressed eccentrically against their plasma mem-
branes after ingestion has occurred, making it difficult to dis-
tinguish neutrophils from mononuclear phagocytes. It is impor-
tant, therefore, to examine a second, untreated monolayer car-
ried in parallel with the treated monolayer to determine the de-
gree of neutrophilic contamination (5). 

VI. LATEX PARTICLES 

A. Introduction 

Latex or polystyrene particles have become a popular probe 
for phagocytosis, principally because of the ease with which 
they can be used. 

B. Reagents 

(1) Tissue culture medium (see above) 
(2) Latex particles, 1.1 ym in diameter (Dow Chemical Com-

pany, Indianapolis, Indiana). 

C. Procedure 

(1) Macrophage monolayers are prepared as above. 
(2) Wash the latex particles 3 times by centrifugation 

(1200 g, 30 min). Resuspend them (5 x 108 particles/ml) in 
medium. 

(3) 0.1 ml of the suspension of latex particles is added to 
each well. 

(4) After 1 hr at 37°C, the monolayers are washed and the 
medium is changed. 

(5) Continue the incubation in fresh medium (30 - 60 min) 
to allow time for ingestion of residual particles. 

(6) Prepare the monolayers for microscopic examination, as 
described above. The latex particles will appear as vacuoles 
or refractile bodies in the stained cells. Latex preparations 
can also be examined as wet mounts, using phase microscopy. 
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D. Critical Comments 

Latex particles can be ingested by nonprofessional phago-
cytes because of their small size. For example, latex has 
been used extensively to investigate endocytosis by L cells 
(6). Thus, the difference between the professional and non-
professional phagocyte is the extent of uptake, rather than 
the presence or absence of this property. Care must be taken, 
therefore, when examining monolayers with this technique to 
ensure that mononuclear cells containing but a few particles 
are really mononuclear phagocytes· 

VII. CALCULATION OF DATA 

If neutrophil contamination is not a problem, the percent-
age of mononuclear phagocytes can be estimated as 

number of cells containing particles 
total cells counted 

As stated above, however, a major problem in some prepara-
tions will be contamination of the monolayer with a significant 
number of neutrophils. These must be differentiated from mono-
nuclear phagocytes, and this is often difficult to do with cer-
tainty if only cells engorged with particles are examined. If 
neutrophil contamination is found to be a problem, a reasonably 
accurate estimation of the percentage of total phagocytic cells 
that is mononuclear phagocytes can be obtained. 

(1) Examine a coverslip that has been carried through the 
washing and incubation steps, but that has not been exposed to 
particles. From this coverslip, determine the percentage of 
neutrophils in the monolayer. 

(2) Next, examine the coverslip that has been exposed to 
particles. Determine the total percentage of phagocytic cells. 
Also, determine the percentage of neutrophils (PMN) that failed 
to ingest particles (the larger the particle, the higher this 
value will be). 

(3) Estimate the percentage of mononuclear phagocytes: 

% mononuclear _ % total _ / total % PMN empty 
phagocytes ~ phagocytes I % PMN of particles 

where the total percentage of PMN was obtained from the 
particle-free coverslip. 
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VIII. CONCLUDING REMARKS 

We would like to reemphasize the major technical and inter-
pretive pitfalls of phagocytic assays: (1) monolayers may be 
overcrowded, causing difficulty in distinguishing between par-
ticles that are inside or outside of cells; (2) particles may 
remain adherent to the surfaces of cells, obscuring the inte-
riors of the cells and thereby limiting one's ability to iden-
tify them and to determine whether or not they have ingested 
particles; (3) cells other than mononuclear phagocytes are 
capable of engulfing particulate material and must be distin-
guished from mononuclear phagocytes; and (4) not all mononu-
clear phagocytes in a population may ingest the indicator par-
ticle, especially if a high percentage of the mononuclear phago-
cytes is relatively immature. The last two points again bring 
us to the most important point that can be made regarding phag-
ocytic assays: The criterion of phagocytosis cannot be re-
garded as a specific assay for mononuclear phagocytes, but is 
an excellent tool if used in conjunction with other, confirma-
tory assays. 
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