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SEPARATION OF MURINE MONONUCLEAR PHAGOCYTES 
BY DENSITY GRADIENTS OF PERCOLL 

Raymond B. Hester 
William S. Walker 

I. INTRODUCTION 

The study of mononuclear phagocytes (MP) has been aided by 
techniques that allow the phagocytes to be separated into 
functionally enriched subpopulations of cells (1 - 7). In the 
procedure to be described, resident peritoneal cells, rich in 
MP, are separated into subpopulations based on differences in 
cell density. It must be stressed, however, that this tech-
nique is based on a physical rather than a functional property 
of MP, and as such will yield functionally enriched subpopu-
lations only if the two properties are related. 

The separation of cells by density gradients is governed 
in part by Stoke's law (8), which states that the rate of cell 
sedimentation in a centrifugal field is zero when the cell en-
counters a medium of identical density. In discontinuous 
density gradients, cells migrate under the influence of the 
centrifugal field until they reach the interface of a solution 
with a density equal to or greater than their own; at that 
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point, they cease moving. Cells with different densities will 
come to rest at different points along the gradient, where 
they can be recovered with ease. 

II. REAGENTS 

Percoll (Pharmacia, Piscataway, New Jersey is polyvinyl-
pyrrolidone-coated silica and is supplied as a sterile colloid-
al suspension (9). An osmotically balanced (approximately 
300 mOsM) stock solution of Percoll is prepared by adding one 
part of sterile 1.5 M NaCl (10x saline) to nine parts of Per-
coll. Gradient solutions of 39, 45, 51, 57 and 63% Percoll 
are then prepared by diluting the osmotically balanced stock 
solution with sterile, physiological saline (0.15 M NaCl) and 
adjusting the refractive index of each solution to 1.3410, 
1.3420, 1.3430, 1.3440, and 1.3450, respectively (Abbe re-
fractometer at room temperature; the osmotically balanced 
Percoll is considered to be 100% for the purpose of preparing 
the various gradient solutions). 

Phosphate-buffered saline (PBS): 0.385g KH2P04, 1.249 g; 
K2HP04, 8.49g NaCl, and deionized water to 1000 mg; pH 7.2; 
osmolarity, 290 to 310 mOsM. 

Mice: Approximately 15, 6 to 6 weeks of age, are required 
to ensure enough peritoneal cells for one gradient (10-15x10^). 
Each mouse yields 1 to 2 x 10^ resident peritoneal cells. 

Gradient tubes: Round-bottomed centrifuge tubes (15 ml 
volume, Corning No. 8441 or equivalent) that have been sili-
conized (Prosil 80, Curtin Matheson Scientific) serve well as 
the gradient tubes. 

III. PROCEDURE 

The separation procedure is presented in detail below. 

(1). The gradient solutions, PBS (approximately 500 ml) 
and gradient tubes are prechilled and maintained in an ice 
bath. 

(2). To harvest the peritoneal cells, kill a mouse by 
cervical dislocation; pin the animal, ventral side up, on a 
dissecting board and peel back the skin on the abdomen. Using 
a 10-ml plastic, disposable syringe with an 18-gauge needle, 
inject up to 10 ml of ice-cold PBS (depending on the size of 
the mouse) into the peritoneal cavity. Without removing the 
needle from the peritoneal cavity, draw the PBS into the 
syringe and transfer the cell suspension to a polypropylene 
tube (Falcon No. 2070). Harvest the peritoneal cells from 
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one mouse before killing the next. 
(3). Centrifuge the tubes containing the peritoneal cells 

in a refrigerated centrifuge (IEC CRU-5000 or equivalent) at 
4°C and 200 g for 5 min. 

(4). Draw off the supernatant fluid and resuspend the 
cell pellet, using a siliconized Pasteur pipette, in a total 
of 1 to 2 ml of ice-cold PBS. Count the cells and set aside 
a small aliquot for a differential count. 

(5). Place 10 to 15 x 10^ cells in a polypropylene tube 
and centrifuge for 5 min at 4°C and 200 g. 

(6). Remove the supernatant fluid and resuspend the cell 
pellet carefully and completely, again using a siliconized 
Pasteur pipette, in 3 ml of the most dense Percoll solution 
(63%, RI = 1.3450). Transfer this cell suspension to the 
siliconized gradient tube; take care to ensure that the cells 
do not run down the side of the tube. 

(7). Using a separate 5-ml pipette for each solution, 
slowly overlay the 63% Percoll with 3 ml each of 57, 51, 45, 
and 39% Percoll, taking care to maintain the gradient inter-
faces. This may require some practice to do properly. 

(8). Centrifuge the gradient for 30 min at 4°C in a re-
frigerated centrifuge with a swinging-bucket rotor, using 
adapters if necessary. The rotor should be accelerated slowly 
to a speed that yields 300 g at the bottom of the gradient 
tube. After centrifugation, allow the rotor to decelerate 
without using the brake. 

(9). Carefully remove the gradient tube and note the 
distribution of the cells. Record any evidence of cell 
clumping or streaming. 

(10). Using siliconized Pasteur pipettes, transfer the 
cells from each interface to an appropriately labeled poly-
propylene tube (Falcon No. 2070) containing approximately 
10 ml of PBS. Cap and invert the tubes several times to en-
sure complete mixing of the cells and Percoll in the PBS. 
Centrifuge at 200 g for 10 min at 4°C. 

(11). Wash the cells three times with 10 ml of PBS by 
centrifuging at 200 g for 5 min at 4°C. Insufficient washing 
can cause the cells to aggregate. 

(12). After washing, resuspend each pellet in 1 ml of PBS 
and count. 

IV. CALCULATION OF DATA 

When using density gradients to separate MP into subpopu-
lations of cells, you must know the percentage of cells re-
covered from the gradient, the distribution of the cells in 
the gradient, and the percentage of MP in each subpopulation. 
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(1). To determine the percent recovery, count the cells 
in each gradient fraction and divide this total (times 100) 
by the number of cells applied to the gradient. 

(2). To determine the distribution of the cells in the 
different subpopulations, divide the number of cells in each 
fraction by the total number of cells recovered from the 
gradient. 

(3). Any of a number of cell markers may be used to de-
termine the percentage of MP in each fraction (see chapter by 
Russell and Bianco, this volume). 

(4). Summarized in Table I are the results from a series 
of experiments testing the ability of subpopulations of resi-
dent peritoneal cells to render murine thymocytes functionally 
mature as measured by their acquisition of Con A responsive-
ness. 

V. CRITICAL COMMENTS 

The efficiency of cell recovery from a gradient will depend 
on whether the purity of a subpopulation takes precedent over 
the recovery of the maximum number of cells. Experience to 
date indicates that recoveries between 50 and 75% of the cells 
applied to the gradient can be expected with little chance for 
the contamination of the subpopulations. Furthermore, the 
proper attention to detail will usually result in reproducible 
numerical and functional distributions of the type shown in 
Table 1. The major source of variation is usually the use of 
unhealthy animals as cell donors and to the failure to prepare 
the gradient media properly. 

The gradients are readily modified to accommodate MP from 
other sources, including established cell lines of macrophages 
(2). However, separation of peritoneal exudate cells (e.g., 
thioglycollate-elicited cells) by density gradient procedures 
can be more difficult because of the tendency of these cells to 
aggregate during isolation and separation. 

Finally, we would like to reiterate that the use of density 
gradients to enrich for functionally distinct subpopulations of 
cells depends on (a) whether the activity of interest is re-
stricted to a subpopulation, and (b) the relevant cells having 
buoyant densities sufficiently different to allow for their 
separation from the other cells. If these conditions can be 
met, then Percoll is a convenient and inexpensive medium to use 
in constructing gradients and will yield functionally enriched 
subpopulations of MP. 



TABLE I. Functional Heterogeneity of Mouse Resident Peritoneal Cells 
in the Induction of Thymic Lymphocyte Maturation 

Percoll Percentage of Percentage Percentage Thymic lymphocyte 
interface recovered cells macrophages^ Ia+ cells^ maturation0 

39/45 
45/51 
51/57 
57/63 

10 
25 
55 
10 

50 
50 
60 
15 

50 
50 
35 
70 

2+ 
4+ 
+-
-

^Determined by light microscopy and the uptake of latex particles. 
^The percent of cells killed by an A.TH anti-A.TL antiserum and 

complement as determined by trypan blue dye exclusion. 
°The response to concanavalin A by CBA mouse thymocytes following 

coculture with cells recovered from the indicated Percoll interfaces. 
The data are summarized based on a scale of 1+ to 4+ for increasing 
activity. 
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