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SHORT COMMUNICATION

A Simple Method for Human Peripheral Blood Monocyte
Isolation

Marcos C de Almeida/*, Alan C Silva, Aldina Barral, Manoel Barral Netto/+

 Centro de Pesquisas Gonçalo Moniz-Fiocruz, Rua Valdemar Falcão 121, 40295-001  Salvador, BA, Brasil
*Departamento de Patologia, FCS, Universidade de Brasília, DF, Brasil

We describe a simple method using percoll gradient for isolation of highly enriched human mono-
cytes. High numbers of fully functional cells are obtained from whole blood or buffy coat cells. The use
of simple laboratory equipment and a relatively cheap reagent makes the described method a conve-
nient approach to obtaining human monocytes.
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Macrophages and monocytes are largely used
in immunological research especially for the study
of intracellular parasites. The ideal method for
monocyte isolation combining simplicity, cheap-
ness, purity and high yield does not exist (Seljelid
& Pertoft 1981, Bennett & Breit 1994). We pro-
pose here a simple two step procedure for obtain-
ing highly purified human monocytes.

The most common procedure is monocyte iso-
lation by adherence after Ficoll-Hypaque purifi-
cation of peripheral blood mononuclear cells
(PBMC) (Bennett & Breit 1994). Monocyte isola-
tion by adherence, although simple, has several
disadvantages: high lymphocyte contamination,
low flexibility, high manipulation and monocyte
transient activation (Haskill et al. 1988, Bennett &
Breit 1994). Lymphocyte contamination in the first
hour after adherence may be high, being as high as
40-50% after two washes and 30% even after five
washings. It has been reported that in the first 24
h, after four vigorous washes, 25% of remaining
cells are lymphocytes (Bennett et al. 1992). The
degree of lymphocyte contamination when sepa-
rating monocytes by the adherence method is prob-
ably related to percentage of lymphocytes in
PBMC, the amount of PBMC laid for adherence,
number of washes, strength of washing and time

of adhesion. These aspects can make this method
variable from donor to donor and from researcher
to researcher. Alternative methods are immune-
selection, centrifugal elutriation and density gra-
dients. Immune selection is too expensive for daily
routine and for large volumes of blood. Centrifu-
gal elutriation, although the method of choice for
larger volumes of blood, requires expensive equip-
ment and a specialized technician. Several kinds
of density gradients are available, both continuous
and discontinuous. Pumps and ultracentrifuges, in
general expensive equipment, are necessary for
performing continuos gradients.

We report here on the results using a two step
procedure with single gradients in each step. First
using a Ficoll-Hypaque gradient (density = 1.070
g/ml) and afterwards a slight hyperosmolar Percoll
gradient (density = 1.064 g/ml). Percoll solutions
were done as follows: first an isosmotic Percoll
was prepared as usually mixing one volume NaCl
1.5 M with nine volumes of Percoll (Pharmacia,
density = 1.130 g/ml). The Percoll gradient was
done mixing 1:1 (v/v) isosmotic Percoll with PBS/
Citrate (NaH2PO4 1.49 mM; Na2HPO4 9.15 mM;
NaCl 139.97 mM; C6H5Na3O7 .2H2O 13mM; pH
7.2). Both gradients were centrifuged at 25-35°C,
400 g for 35 min. Percentage of monocytes after
the Percoll gradient was higher than 90% using
morphology, histochemistry or FACS analysis
(Table I, Figure). The cells were viable and func-
tional and able to be cultivated in suspension or
attached to plastic, plastic bound fibronectin, col-
lagen or laminin (not shown). Further indications
of functionality were secretion of large amounts
of TNF-α after LPS stimulation, phagocytose of
latex particles and Leishmania promastigotes both
in suspension and after adherence (Table II). Eighty
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to 90% from the monocytes laid on the Percoll gra-
dient were recovered afterwards (Table III). The
procedure yields similar results with small and large
amounts of blood. When working with small
amounts of blood (< 50 ml) for saving time we
have used leukocyte rich plasma after dextran
sedimentation.(Meerschaert & Furie 1994). When
working with very large amounts of blood (> 200
ml) was better to take the buffy coat. It has been
previously proposed a two step Percoll gradient

for monocyte isolation with 90% of purity but with
variable yield (Seljelid & Pertoft 1981). The most
important pitfall of their method was that they ad-
vocate the use of defribrinated blood. This could
lead to serious cell loss and activation. As they had
observed, monocytes bind strongly to small mi-
croscopic blood clots. Platelets could also bind to
monocytes forming clumps (Weyrich et al. 1996).
The adequate blood anticoagulation is then criti-
cal. The use of sodium citrate in all the solutions

TABLE I

Monocyte yields and phenotypic analysis after Percoll gradient  in relation to blood volumes, buffy-coats or
number of peripheral blood mononuclear cells from different donors

Source of Monocytes Viabililitya Peroxidase Cytofluorimetry
material recovered (%) activity analysis

(X106) (% )+

Blood (ml)
20 4 85 92 ND
20 7.8 94.2 92.5 ND
20 10.2 96 ND 96.7% CD64+
40 12 90 95 ND
40 7.2 92 90 ND
53 22.8 95 98 96.6% CD14+

PBMC (X106)
24.8 7.8 >90 ND 96.9% HG
76 25.1 >90 ND 95.4%  HG
170 37.2 100 ND 94.8% CD14+CD3-
204 32 >90 ND 94% CD14+CD3-b

345 64 >90 ND 93.9%  HG
372 134 >90 ND 98% CD14+CD3-

Buffy-coat
1/2 blood bag 88 >90 ND 98% CD14+CD3-
1/2 blood  bag 94.6 >90 ND 89.9% CD14+CD3-

a:measured by Trypan blue dye exclusion test.; b: 1.2% of CD19+CD3; HG: height and granularity; ND: note done;
PBMC: peripheral blood mononuclear cells; +: presence of peroxidase activity was detected incubating at room
temperature air dried cytospin preparations with 3,3”-diaminobenzidine plus H2O2.

Representative side (granularity) and forward (height) light scatters (A) following Fycoll-Hypaque and (B) following Percoll
gradient. The R1 gate corresponds to monocyte and R2 to lymphocyte populations. The R1+R2 (T) were considered to represent
100% of cell population (96.6% of acquisition events in (A) and 93.4% in (B); (A) R1/T x 100=21 and in (B) R1/T x 100=93.9.
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until the Percoll gradient avoids the use of
defibrinatrion and platelet binding to monocytes
(Roos & de Boer 1986), possibly the use of EDTA
could have the same effect although we have not
tested it. Platelet elimination can be easily done
with low speed centrifugation (100 g) before or
after the Percoll gradient although it implies in cell
loss. Temperature is also a critical point. We pre-
fer working during all the procedure at room tem-
perature (25-35°C) as it has been shown that mono-
cyte tends spontaneously to aggregate at lower tem-
peratures (Mentzer et al. 1986) and platelets to be
activated (White & Krivit 1967, Oliver et al. 1999).
Finally as it has been shown (Fluks 1981, Boyum
1983) the monocyte purity can be improved by
hyperosmotic density gradients. In conclusion the
procedure devised here can be done with usual re-
agents and equipment of average laboratory, it is
easily handled and provides a 90% pure popula-
tion of monocytes.

TABLE II

Monocyte functional assays after Percoll gradient

TNF-α production 48 h after 1,019 pg/mla

LPS  stimulation (10ng/ml)

Adherence to plastic Yes

Phagocytose of latex beads 91%b

Phagocytose of Leishmania (L) chagasi 94%c

promastigotes

Increased CD 54 expression 48 h 50%d

after IFN-γ (100U/ml) stimulation

a: mean of five experiments (SD=778.7); 106monocytes/
ml were cultivated in RPMI medium plus 2mM L-
glutamine with 10% human blood serum;  b: % of cells
exhibiting latex beads after 12 h incubation with 10
beads/monocyte; one representative experiment;  c: %
of cells exhibiting amastigotes after 12 h incubation with
ten promastigotes/monocyte; one representative
experiment; d: mean percent increase of four experiments
(SD=17.74).

TABLE III

Rate of monocyte recovery after Percoll gradient

PBMC Monocytesa Monocytes ater Yield Purity
(x106) (%)  percoll gradient (x106) (%) (% HG)

24.8 31 7.8 82.4 96.9
76 40.3 25.1 82.0 95.4
345 20.4 63.9 91 95.2

HG: height and granularity; PBMC: peripheral blood mononuclear cells, obtained from Ficoll-Hypaque gradient; a:
the monocyte percentage from PBMC was determined as shown in Fig. 1.
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