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SEPARATION OF MONOCYTES BY 
DENSITY GRADIENTS OF PERCOLL 

R. Seljelid 
H. Per to ft 

The ideal method for the isolation of monocytes should be 
applicable to blood from all species, be simple and require 
only standard laboratory equipment, produce pure cells at 
maximum yield, and not influence the biological and chemical 
properties of the monocytes. Such a method does not exist. 
By far the most widely used method for isolation of monocytes 
from human blood is centrifugation on Ficoll-Isopaque (1). 
The method is simple and reproducible, but has a few disad-
vantages, e.g., careful washing of the cells is necessary for 
most purposes. Washing is potentially harmful to the cells 
and also causes considerable cell loss (2). The method pro-
duces a mixture of monocytes and lymphocytes and a varying 
number of granulocytes. Recently, a novel gradient medium, 
Percoll, has been employed for the separation of blood mono-
cytes (3). Percoll appears to be nontoxic, has a low 
viscosity, and little osmotic effect, and these last two 
properties permit the preparation of blood-isotonic solutions 
through a wide density range (4,5). This chapter describes 

METHODS FOR STUDYING Copyright © 1981 by Academic Press, Inc. 
MONONUCLEAR PHAGOCYTES 2 0 1 All rights of reproduction in any form reserved. 

ISBN 0-12-044220-5 



202 METHODS FOR STUDYING MONONUCLEAR PHAGOCYTES 

a one-step procedure for obtaining a high yield suspension of 
monocytes of about 20% purity, and a two-step procedure for 
obtaining better than 90% monocytes at a lower yield. Both 
methods are described here with human blood as starting 
material; the methods may be used with rat and mouse blood 
with minor modifications of the densities of the gradient 
medium. 

I. THE ONE-STEP PROCEDURE (HIGH YIELD) 

A. Introduction 

This procedure is similar to the widely used Isopaque-
Ficoll separation and should be preferred when an admixture 
of nonadherent lymphocytes does not constitute a problem, 
e.g., for routine work in vitro. 

B. Reagents 

Stock isotonic Percoll (SIP). Nine volumes of commercial 
Percoll (Pharmacia Fine Chemicals AB, Uppsala, Sweden) are 
diluted with one volume of 15 M NaCl to make a density of 
1.124 gm/ml, pH 8.2, isosmotic to blood plasma. The commer-
cial Percoll varies in density from batch to batch (1.130-
1.135 gm/ml), so that each new solution of SIP must be checked 
and adjusted to 1.124 gm/ml before use. Densities may be 
accurately measured at 22°C by use of organic density columns, 
refractive index (4) or density-marker beads (Pharmacia Fine 
Chemicals, AB, Uppsala, Sweden). 

C. Procedures 

(1). Blood is collected into evacuated glass tubes con-
taining polystyrene beads (Beeton Dickinson-France S.A., 
Grenoble, France), and defibrinated by rotation (5 rpm) for 
15 min. The blood may also be defibrinated by use of a glass 
rod or glass beads. 

(2). Seven milliliters of defibrinated blood is layered 
on top of 4 ml of a 60% (v/v) SIP in 0.15 M NaCl, density 
1.076 gm/ml, in a 12-ml conical polystyrene tube. 

(3). The tube is centrifugea at 800 gav for 30 min at 
room temperature in any standard laboratory centrifuge 
equipped with a swing-out rotor. A clear supernatant of pure 
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serum (which can be used in cell culture) is produced, with a 
clearly discernible band (volume 1.5-2 ml) consisting of mono-
nuclear cells located in the interface below the middle of the 
tube and a pellet at the bottom consisting mainly of lympho-
cytes, granulocytes, and erythrocytes. 

(4). The serum and the interface band may be collected by 
use of a Pasteur pipette. If the cells in the interface are 
not to be used immediately in an in vitro experiment, they 
should be kept in a cooled test tube to prevent adherence of 
monocytes to the tube wall and subsequent loss of cells. In 
some cases small aggregates of cells may be formed during the 
centrifugation, but usually these can easily be dispersed by 
use of a pipette. 

D. Identification of Cells and Calculation of Data 

It is important to perform a May-Grünewald-Giemsa staining 
on a smear of the original blood as well as the mononuclear 
cell fraction. A May-Grüwald-Giemsa stained preparation pro-
vides a survey of the morphology and permits detection of 
contaminating granulocytes. Esterase staining with a-naphthyl 
acetate as substrate can be used to differentiate between 
monocytes (strongly esterase positive) and lymphocytes (6-8). 
Although a definitive identification of mononuclear phagocytes 
requires determination of the cells1 ability to phagocytose 
by way of the Fc receptor, one is usually well served by the 
esterase staining for routine use. 

E. Critical Comments 

One can usually obtain around 20% purity of monocytes 
(16-32%) (3). The yield is more difficult to assess since 
the original number of monocytes in whole blood is controver-
sial. Assuming that 5% of the white blood cells in whole 
blood are monocytes (2), the yield is practically 100%. 

Probably the most important potential pitfall in the pro-
cedure is the defibrination of the blood. Monocytes adhere 
strongly to small, perhaps microscopic blood clots. Also the 
viability of the cells is decreased substantially after con-
tact with blood clots. 

If the monocytes are to be used in vitro for short- or 
long-term cultures, they may be transferred directly from the 
centrifuge tube to the tissue culture without washing. Auto-
logous serum is provided by the same centrifugation. It is 
well to remember that the presence of Percoll in the cell sus-
pension will increase the density of the tissue culture medium 
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and thus slow down the sedimentation of the cells. Monocytes 
are best cultivated at high serum concentration (around 50%) 
in any conventional tissue culture medium and may be kept this 
way without change of medium for weeks. The reproducibility 
of the procedure can be improved somewhat by adjustment of the 
Percoll density before centrifugation according to the hema-
tocrit value, so that the Percoll density after centrifugation 
is kept constant. This is not necessary for routine use with 
blood of normal hematocrit values, for details, see (3). 

II. THE TWO-STEP PROCEDURE 

A. Introduction 

In some cases one would like to have a high purity sus-
pension of monocytes for immediate biochemical studies of the 
cells as they appear in the blood without adaptation to in 
vitro conditions, etc. The following method was developed to 
meet this need. 

B. Reagents 

The same SIP is used as described in Section I.B. 

C. Procedure 

The mononuclear bands from two tubes contrifuged according 
to the one-step procedure are collected and diluted to 7 ml 
with 0.15 M NaCl and layered on top of 3 ml of a 50% (v/v) 
solution of SIP in 0.15 ml M NaCl (density 1.064 gm/ml). 
Centrifugation for 60 min at 800 gav at 4°C produces an inter-
face band (in some experiments two closely situated bands are 
formed), which contains monocytes, and a pellet that contains 
lymphocytes, erythrocytes, and, in some experiments, a few 
granulocytes. 

D. Calculation of Data 

Data calculated as described in Section I.D. 
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E. Critical Comments 

With the two-step procedure, one can routinely obtain 
monocytes at purity better than 90%. The yield is more con-
troversial as commented upon in Section I.D. It is essential 
to have a single cell suspension before starting centrifuga-
tion No. 2. If there is a little aggregation after the first 
centrifugation, the cells should be gently dispersed with a 
pipette. For the same reason, the second step should be 
performed at 4°C (3). 

REFERENCES 

A. Bftfyum. Isolation of mononuclear cells and granulocytes 
from human blood. Isolation of mononuclear cells by one 
centrifugation and of granulocytes by combining centri-
fugation and sedimentation at 1 g. Scand. J. Clin. Lab. 
Invest. 21: Suppl 97: 77-89, 1968. 
W. D. Johnson, B. Mei, and Z. A. Cohn. The separation, 
long-term cultivation, and maturation of the human mono-
cyte. J. Exp. Med. 146: 1613-1626, 1977. 
H. Pertoft, A. Johnsson, B. Warmegârd, and R. Seljelid. 
Separation of human monocytes on density gradients of 
Percoll. J. Immunol. Methods. In press, 1980. 
H. Pertoft, and T. C. Laurent. Isopycnic separation of 
cells and cell organelles by centrifugation in modified 
colloidal silica gradients. In "Methods of Cell Separation" 
(N. Catsimpoolas, ed.), pp. 25-65. Plenum, New York, 1977. 
H. Pertoft, T. C. Laurent, T. Lââs, and L. Kâgedal. 
Density gradients prepared from colloidal silica particles 
coated by polyvinylpyrrolidone (Percoll). Anal. Biochem. 
88: 271-282, 1978. 
T. Barka and P. J. Anderson. "Histochemistry. Theory, 
Practice, and Bibliography." Hoeber Medical Division, 
Harper & Row, New York, Evanston, and London, 1963. 
T. H. To'tterman, A. Ranki, and P. Häyry. Expression of 
the acid a-naphthyl acetate esterase marker by activated 
and secondary T-lymphocytes in man. Scand. J. Immunol. 
6: 305-310, 1977. 
P. G. Gill, C. A. Waller, and I. C. M. Maclennan. 
Relationships between different functional properties of 
human monocytes. Immunology 33: 873-880, 1977. 




