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QUANTITATION OF ADHERENT MONONUCLEAR PHAGOCYTES 
BY INVERTED PHASE MICROSCOPY 

D. O. Adams 

PRINCIPLE 

Establishing the number of adherent mononuclear phago-
cytes in a given culture vessel is often necessary for deter-
mining the specific activity of intracellular and secreted 
macrophage constituents and for comparing on a per cell basis 
various functional assays—such as target cytolysis, endocy-
tosis, secretion or binding of ligands. Determining the DNA 
or protein content of adherent mononuclear phagocytes is an 
accurate but time-consuming technique and does not provide 
immediate results. Counting the number of adherent macrophages 
in a given culture by inverted phase microscopy offers a simple, 
rapid, and reasonably accurate method for estimating the num-
ber of mononuclear phagocytes in a given culture (1,2). 

The number of cells present within the confines of an ocu-
lar micrometer is determined for several randomly selected, 
well-dispersed fields in the culture. This number, when multi-
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plied by a calibrating factor, establishes the number of ad-
herent macrophages per square centimeter in the culture ves-
sel (Table I). 

The principal pitfall in this method is nonhomogeneous 
distribution of macrophages in the monolayers. The monolayers 
must be completely even throughout the culture plate for the 
randomly sampled fields to be representative. A principal 
cause of unevenly distributed macrophages is vortex currents 
around the edge of the culture vessel that are set up during 
the transfer of culture plate from tissue culture hood to in-
cubator. The result of such currents is peripheral accumula-
tion and central sparseness of mononuclear phagocytes. The 
problem is particularly prevalent in round culture vessels. 
This problem can be avoided by stopping immediately in front 
of the incubator and shaking each plate vigorously 2-3 times 
from side to side and then from front to back. Immediately 
and gently place the plate into the incubator. Use of this 
technique and avoiding cell clumps in the suspension should 
lead to even monolayers. 

II. MATERIALS 

Culture plates. The method is applicable to various types 
of macrophages or other cells cultured in 6 or 16 mm wells, in 
petri dishes of various sizes or in T flasks. 

Fixative. 2.0% Glutaraldehyde in cacodylate buffer at 
pH 7.4 is employed. 

Inverted phase microscope. The inverted phase microscope 
should be equipped with 10x, 20x, and 40x objectives or their 
approximate equivalents. 

Table I. Surface Area of Some Commonly Employed Culture 
Vessels for Mononuclear Phagocytes 

Vessel Area (cm^) 

6-mm well (cluster plate) 0.28 
16-mm well (cluster plate) 2.0 
35-mm petri dish 8.0 
35-mm well (cluster plate) 9.6 
60-mm petri dish 21 
60-mm well (cluster dish) 28.2 
100-mm petri dish 55 
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An ocular micrometer. An ocular micrometer is inserted 
into one eyepiece of the inverted microscope. The Howard 
micrometer (Catalog No.6585-H20, Arthur H. Thomas Co.) is 
suitable for this purpose, though a larger grid is often more 
useful (Catalog No.422, Fisher Scientific). 

Cell counter 
Stage micrometer. A stage micrometer graduated in milli-

meters will be needed once for calibration of the ocular micro-
meter and, thus, can be borrowed. 

III. CALIBRATION OF EYEPIECE MICROMETER 

The eyepiece micrometer is inserted into one eyepiece. 
The stage micrometer is placed on the microscope. The area 
(in square millimeter) contained within the large square of 
the ocular micrometer at the level of the stage is determined 
for the 10X, 20x, and 40x objectives. To do so, focus the 
microscope on the stage micrometer. Using the scale on the 
stage micrometer, measure the width of the ocular micrometer 
square five times. The width squared equals the area observed 
through the ocular micrometer for that magnification. The 
calibration factor, which represents the number of micrometer 
squares contained within 1 cm2, is calculated for each objec-
tive. 

Calibration factor for each objective = 

100 
Area in mm2 of the ocular micrometer at the level 
of the stage for that objective 

IV. PROCEDURE 

(1). The plates of macrophages may be counted immediately 
so that they can be subsequently used for various functional 
assays or they may be fixed in glutaraldehyde for later count-
ing. 

(2). Scan carefully at 10x the culture plates to be count-
ed. Make sure that the cells are evenly distributed throughout 
the wells to be counted as well as throughout the other wells. 
If the cells are not evenly distributed, the method cannot be 
applied. 

(3). Using the 20x objective, select a field at random. 
Count the number of cells contained within the large square 
of the micrometer. In the case of cells overlying the edges 
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of the square, count those cells overlapping the top and left 
edges of the square but do not count cells overlapping the 
right and bottom edges of the square. Repeat this for at 
least three other fields. Count a minimum of 400 cells. 

V. CALCULATION OF DATA 

Determine the average number of cells per large square. 
Multiply this by the calibration factor for the 20x objective. 
The result is equal to the number of adherent cells per square 
centimeter. 

VI. COMMENT 

The assay provides a good estimate of the number of macro-
phages present (Fig. 1). The data obtained in this assay cor-
relate well with the content of DNA in the culture vessel 
(Fig. 2). The accuracy of the assay depends primarily upon 
the accuracy of the calibration. The reproducibility of the 
assay depends on the accuracy of the cell counts, the unifor-
mity of the monolayer, and the error of the Poisson distribu-
tion. By counting 400 cells, the error due the Poisson dis-
tribution can be reduced to ± 5% of the total. The assay is 
readily applicable to counts of other adherent cell types such 
as tumor cells. 
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Fig. 1. Various numbers of BCG-elicited macrophages 
were added to 16 mm culture wells. After 4 hr, the non-
adherent leukocytes were washed off. The number of adherent 
macrophages/well was determined by counting the adherent cells 
with an inverted microscope. 
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Fig. 2. Various numbers of BCG-activated macrophages 
were added to 16 mm wells. After 4 hr, the nonadherent cells 
were removed and the content of DNA in the wells determined 
(3) after counts of adherent cells had been performed by in-
verted microscopy. 
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