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M ETHODS for separating leukocytes from whole blood have been based mainly

on the observation that leukocytes form a � � buffy layer’ ‘ at the interphase

of erythrocytes and plasma when citrated whole blood is �2 .3 or al-

lowed to settle in glass cylinders.4 Separation by means of hemolysis of red cells

by organic acids6 and saponin6 has also been used. None of these methods is com-

pletely satisfactory, in that it is difficult to obtain leukocytes free from red cells,

and the yield of leukocytes is low. These technical difficulties have seriously ham-

pered the biochemical investigation of the leucocytic series.

The method described in this paper takes advantage of the known difference

in the specific gravity of leukocytes and erythrocytes . Whole blood is layered onto

an albumin solution intermediate in density between white cells and red cells,

so that on centrifugation the red cells fall through the albumin, while the white

cells, falling through the plasma, collect at the plasma-albumin interphase (see

fig. i). The albumin solution, which may be conveniently prepared from the dried

fraction Vobtained in processing plasma by methods already described,7 resembles

in physical properties that used by Ferrebee8 for the isolation of parasitized (Plas-

modium vivax) red cells.

Endres#{176}found that horse erythrocytes have a specific gravity of approximately

1.087, while that of horse leukocytes is about 1.057. Phillips et al.’#{176}gave specific

gravity values for whole blood in normal males, ranging from I.o555 to 1.0634,

and in normal females, ranging from 1.0512. to 1.0602., while plasma specific gravi-

ties for normal males and females ranged from i � to 1.02.83. The specific gravity

value for human erythrocytes given by Bodansky” is i.o88. No references to the

specific gravity of human leukocytes were found in the literature.

It was therefore necessary to make preliminary determinations of the normal

range of specific gravity of human white cells. It should be emphasized that since

leukocytes have a semipermeable membrane, changes in the volume, and there-

fore also in the density, of cells will occur when they are placed in solutions of

varying osmotic pressures. Consequently any change in the osmotic pressure

of the albumin solution will require a corresponding change in the density of

the solution if a satisfactory separation is to be effected. The albumin used con-

tained varying amounts of inorganic salts, principally NaCl. Since it was desirable
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to work at conditions close to physiological, we restricted ourselves to osmotic

pressures as measured by freezing point depressions between -0.4 to -o.7#{176}C

and pH values as measured with the glass electrode’2 between 7. I and 7.� . The

pH of the albumin when dissolved in distilled water was about � . i and it was

raised to 7.4 by the addition of NaHCO3. This amount of NaHCO3 depresses th#{231}

freezing point sufficiently (to approximately -o.�#{176}C) so that no further salt need

be added.

SEPARATION OF LEUGOCYTES FROM WHOLE BLOOD

BY SERUM ALBUMIN

1566. ALB. �-W.6/C. � � -, /

ALB. lOGO.

SP. GR 1.07$ 1.060 1.079 1.090

FIG. i. i. Fifteen cc. of whole blood has been layered onto iocc. of albumin solution of sp. gr. 1.079.

Appearance before centrifugation.

Tubes 2. through � show appearance after centrifugation. In all, the plasma remains above the albumin.

1. Sp. gr. i.o6o. All of the erythrocytes are packed at the bottom of the tube, and the leukocytes ap-

pear as a buffy layer on top of the red cells.

3. Sp. gr. 1.070. The erythrocytes are packed at the bottom of the tube but the leukocytes are dispersed

in both plasma and albumin.

4. Sp. gr. 1.079. All of the leukocytes are suspended at the plasma-albumin interphase with a clear

albumin layer between white cells and packed red cells.

5. Sp. gr. I.o9o. The leukocytes are suspended at the plasma-albumin interphase but the erythrocytes

are dispersed throughout the albumin layer, so that withdrawal of leukocytes free from erythrocytes is

impossible.

It was found that when solutions of specific gravities of approximately i .079

were used, the white cells collected at the plasma-albumin interphase and the

crythrocytes were thrown to the bottom of the tube, leaving the albumin layer

clear of red cells. When the specific gravity was higher, many red cells remained

resuspended in the albumin layer, and some were intermingled with the white

cells. When the specific gravity was lower, the white cells were brought down with

the red cells, and in increasing numbers as the specific gravity decreased (see fig.

I).

Since the physical constants of each batch of albumin solution vary slightly,

depending both on the salt content of the albumin powder and the amount of

NaHCO3 used to adjust the pH, it has proved best to prepare a somewhat more
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concentrated solution than required for leukocyte flotation, which then can be

appropriately diluted after running pilot tests.

Method. Stock Solution of Bovine Albumin.* Three hundred and fifty grams of bovine

albumin were dissolved in 72.0 cc. of distilled water. The pH was adjusted by ad-

ding 8 grams of NaHCO3. The solution was allowed to stand open in a shallow

dish for several days at o#{176}C to allow escape of sufficient CO�z to increase the pH

from 6.7 (found immediately after NaHCO3 addition) to above 7.2. (measured

in a glass electrode after dilutionwith 0.9 per centNaCl). The water lost byevapora-

tion was replaced. The freezing point of this solution, which varied from -0.4

to -0.5#{176} C, depending on the salt content of the albumin powder, was lowered

to -0.50 tO -0.55#{176} C by the addition of NaCl. The specific gravity of this solution

should be i .097. Albumin solutions, when properly adjusted, will remain stable

for at least a month if stored, stoppered, in the refrigerator. In order to adjust

this stock solution for the best separation, a series of dilutions of the stock solution

with isotonic saline were tested as described below. In general, less than i cc.

of saline per 10 cc. of albumin was needed.

Blood should be drawn in heparin and used immediately. It has been

shown’3”415 that polymorphonuclear cells stored in citrated blood will show

evidence of degeneration within the first i� hours after storage and will have corn-

pletely disappeared from the blood within five days. Consequently immediate

use is advisable. Hemolysis must be avoided. Fifteen cubic centimeters of whole

blood are layered onto zo cc. of the albumin solution.t Mixing of the two fluids

must be carefully avoided. Although blood will ordinarily float on the albumin,

erythrocytes may soon begin to sink to the bottom of the albumin solution (even

before centrifugation) on standing at room temperature. This phenomenon of

course does not interfere with the final result.

The material is then centrifuged for io minutes at an initial speed of �oo rpm

in an International centrifuge, size i, type SB, to avoid clumping of erythrocytes

at the interphase of albumin and plasma. The speed is then increased to 3,000

rpm, and centrifuging continued for another 30 minutes. If the albumin layer

is not free of red cells, further centrifuging is necessary.

When complete separation has taken place the following layers can be observed

(see fig. i).

i. Plasma.

i. A distinctly white, cloudy band at the plasma-albumin interphase con-

sisting of leukocytes4

3. Albumin.

4. Erythrocytes packed in the bottom of the tube.

The plasma is piprtted off carefully with the white cell layer.

r * This solution, which is now obtainable from Armour & Company, has been prepared from crys-

tallized bovine albumin or from “fraction V, reworked” (to lower the salt content). Fraction V as

normally prepared cannot be used for this purpose because of its high salt content.

t Smaller amounts of blood and albumin have been used successfully when tubes of wide diameter
were employed.

� The distribution of platelets in the Jeukocyte and erythrocyte layers is variable in normal blood.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/2/Special_Issue_N

um
ber_1/82/786885/82.pdf by guest on 19 M

ay 2023



6

#{149}#{149},-P �, .#{149} ‘�‘�‘�‘,:

H4- �

�: : . �

9 / , a /

#{149}“�‘,�: .�:.

-%:�I’ 6.,
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Fin. iB. Area enclosed in rectangle in ‘a, X iioo. The morphology of the leukocytes is well pre-

served.

Fin. 2.C. Area enclosed in rectangle in ‘b,’ X 1350. Note nuclear and cytoplasmic detail. The fine

granular structures may be platelers.
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86 SEPARATION OF LEUKOCYTES FROM WHOLE BLOOD

The white cell plasma mixture is then suspended in three to five times its volume

of normal saline, and spun for five minutes at i,�oo rpm. The leukocytes are found

in the bottom of the tube. A photomicrograph of a stained smear of such leuko-

cytes is shown in figure 2..

The white cells frequently clump together at the interphase, making it difficult

to make an accurate white cell count. We have therefore found it necessary

to perform a routine white cell count on whole blood, the number of floating

leukocytes then being calculated by multiplying the count by the number of square

milliliters of whole blood layered on the albumin.

If any erythrocytes are caught in the leukocyte layer, as shown by the examina-

tion of smears stained with Wright’s stain, � cc. of � mg. per cent saponin in

o.8� per cent NaCl are added’ and the cells are allowed to stand for an hour, after

which time the erythrocytes are completely lysed. The leukocytes remain un-

damaged.

The completeness of separation was tested by examining a smear of the spun-

down erythrocytes . No leukocytes could be demonstrated . When the erythrocytes

were washed in saline no buffy layer formed at the surface on recentrifugation.

In contrast to this, a marked buffy layer formed when the buffy layer of centrifuged

whole blood was removed and the red cells were washed in saline and respun.

When erythrocytes which had been spun down in albumin were refloated, no

additional leukocytes were separated out.

It was noted that when the blood of patients with marked anemia was floated

under standard conditions, some erythrocytes remained suspended in the albumin

layer. That these lighter cells may be young erythrocytes seems to be evident

from the work of Ferrebee, Gibson, and Peacock.’�

We have used this technic successfully on human, dog and rabbit blood.

The procedure can be used for the quantitative isolation of leukocytes for study

and may be useful as a diagnostic aid in blood dyscrasias as a method of concen-

trating the small numbers of abnormal cells in the peripheral blood. Since this

method makes the collection of leukocytes from even small quantities of blood

possible, it should prove to be a valuable adjuvant to the armamentarium of the

biochemist and hematologist.

SUMMARY

A technic for the separation of leukocytes from whole blood, utilizing the known

difference in density of leukocytes and erythrocytes, is described. Complete separa-

tion is effected by means of solutions of serum albumin adjusted to the correct

physicochemical properties.

The photomicrographs�were made by Leo Goodman, Mallory Institute of Pathology, Boston City

Hospital.
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