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Abstract
A density gradient dispenser has been developed, providing a fast, easy and convenient method for layering peripheral
blood or bone marrow over a density gradient solution for the isolation of lymphocytes and mononuclear celis. The
present approach is just the opposite of
the conventional method of layering blood
over a density gradient solution. In the
conventional method a required amount
of density gradient solution is first placed
in a centrifuge tube and then blood or
marrow is layered on top using a pasteur
pipette. In the present method a required
amount of blood or marrow is first placed
in a centrifuge tube. The required amount
of density gradient solution is then gently
delivered underneath the blood sample
using the newly devised density gradient
dispenser. Because of the difference in
densities, the released density gradient solution lifts the sample of blood upwards
and produces exactly the same blood and
density gradient suspension as that produced by the conventional method but is
less cumbersome, faster and more convenient.

dient solution as the separation medium. This
newly developed density gradient dispenser*
has been specifically designed to fulfil this
requirement.
Methods
THE DISPENSER

The dispenser (fig 1) consists of a hollow tube
made of white polycarbonate plastic (Lexan
resin; General Electric, Pittsfield, Massachusetts, USA). This plastic is extensively used
in various other medical devices because of its
strength and integrity. The plastic is inert, and
many solutions such as density gradient media
and blood do not adhere to the wall of the
tube due to the hydrophobic nature of the
polymerised plastic resin. As a result, it does
not have any untoward effects on the layering
process.

The tube is 120 mm in length and has a
uniform external diameter of 2-3mm and a
constant internal diameter of 2 1 mm. The
distal portion of the tube has two notches,
one on each side for the slow and controlled
delivery of density gradient solution. The proximal end of the tube has been fitted with a
standard female luer-lock to receive the nozzle
of a syringe.
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Isolation of lymphocytes and mononuclear cells
from peripheral blood and bone marrow for
histocompatibility testing, in vitro cell mediated
immunoassays and various other procedures
requires gentle and careful layering of anticoagulated blood or bone marrow on top of a
synthetic high molecular weight density gradient solution such as Ficoll-Hypaque,' Histopaque,' Isolymph,' or Nycomed.4 This technique is slow, tedious, often tiring, and if not
precisely carried out, results in an incomplete
or impure segregation of mononuclear cells.
At present there is a need for a rapid, simple,
reliable, and less cumbersome approach to the
isolation of mononuclear cells from blood or
bone marrow aspirates using the density gra-

PROCEDURE

The procedure is presented in diagrammatic
form in fig 2. Panel A-Collect 5 ml of defibrinated or heparinised blood in a centrifuge
tube (larger volumes of blood may be collected
depending on the need and the density gradient
manufacturer's recommended method). Panel
B-Withdraw 4-5 ml of the density gradient
medium of choice from the container using
the density gradient dispenser as shown. It is
important that all air is excluded from the tip
ofthe device as its presence within the dispenser
may affect the layering process. Panel CImmerse the tip of the density gradient dispenser into the centrifuge tube containing the
blood or marrow sample and gently push down
* Available from Medical Instruments and
Laboratory
Technologies, P.O. Box 538, Buffalo, New York

14209, USA.
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Figure 2 Schematic representation of the method used to separate mononuclear cells from peripheral blood or bone
marrow incorporating the density gradient dispenser (see text for full explanation).
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gregating agent. This caused the erythrocytes
clump and settle at the bottom of the tube.
The lymphocytes could then be collected from
the upper part of the tube.67 This technique,
however, had disadvantages: lengthy and repeated procedures were required to obtain purified lymphocyte suspensions and the yield or
recovery of lymphocytes was low.
Boyum first saw that the low viscosity of
Ficoll-Hypaque, compared with the other polydensity gradient
complete,
meric erythrocyte aggregating agents, made it
penser is withdrawn and the centrifuge tube
containing the layered blood or marrow sample possible to devise a lymphocyte isolation prois ready for centrifugation. The remainder of cedure involving a short, low speed centthe mononuclear cell isolation technique fol- rifugation step.5 A solution ofFicoll and sodium
lows the established laboratory procedure or metrizoate of the proper density and osmotic
the density gradient manufacturer's re- strength was first placed in a centrifuge tube.
commended method.
Blood was then layered on the top of the Ficoll
which remained on the top because of the
density difference between the two liquids. The
two phase system was centrifuged at a low
Results
speed for a short time. The erythrocytes and
The density gradient dispenser has been exsedimented to the bottom of the
granulocytes
tensively tested. The operators have found the
and
the
tube,
lymphocytes could be
design and construction of the dispenser to be collected from purified
the
interface
the two
satisfactory. They have also found the method phases. For the first time, thisbetween
procedure
profast and convenient and a considerable im- vided an
easy one step, rapid, reproducible
provement compared with the conventional
method of layering blood or bone marrow on method for the preparation of viable
lymphocytes.89
top of Ficoll-Hypaque or some other density
Although the above cell separation technique
gradient medium using pasteur pipettes.
using a solution of Ficoll and sodium metrizoate has gained world wide acceptance,
sodium diatrizoate has been successfully
substituted for sodium metrizoate in recent
Discussion
Since 1964, when Boyum' first introduced this years.'01' However, the original technique of
technique, using a low viscosity density gra- layering defibrinated/anticoagulated blood on
dient solution (Ficoll-Hypaque), it has become top of density gradient medium using a pasteur
the most widely used method for isolating pipette has not changed. This layering techlymphocytes and mononuclear cells from peri- nique is slow, tedious, often tiring, and if not
precisely layered, yields an incomplete or impheral blood or bone marrow samples.
An early method used to separate lympho- pure segregation of mononuclear cells. At prescytes from other blood cell types involved ent, there is a need for a rapid, simple, reliable,
mixing the blood with an erythrocyte ag- and less cumbersome approach.

the plunger of the syringe to release the density
gradient solution at the bottom of the tube
beneath the blood sample. As the density gradient solution is released beneath the blood
sample it lifts the sample of blood upwards
(panels D and E). When all the density gradient
solution is delivered, the sample of blood will
rest on top of density gradient solution. Panel
F-Once the delivery of the density gradient
solution is

Li

Figure 1 Diagrammatic
representation of the density
gradient dispenser.
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The method described here is just the opposite of the conventional method of layering
blood over a density gradient solution. In the
conventional method a required amount of
density gradient solution is first placed in a
centrifuge tube and then blood or marrow is
layered on top using a pasteur pipette. In the
present method a required amount of blood or
marrow is first placed in a centrifuge tube. The
required amount of density gradient solution
is then delivered underneath the blood sample
using the newly devised density gradient dispenser. Because of the difference in densities,
the released density gradient solution lifts the
sample of blood upwards and produces exactly
the same blood and density gradient suspension
as that produced by conventional method but in
a less cumbersome, faster and more convenient

