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I NCREASING interest in the study of various biological functions of leuko-
cytes has stimulated efforts t.. prepare these cells by various technics.1’2

Maupin3 has recently reviewed the literature and compared the results of

most available methods.

The technic reported here is simple: red cells are agglutinated by hexa-

dimethrine bromide,4 and leukocytes, not affected by the compound, are

separated by differential sedimentation.

MATERIALS AND METhODS

Siliconized glassware was used throughout. Fasting blood was collected into 100 ml.
cylinders containing 0.1 ml. of 10 � cent disodiuni ethylenediamine-tetra-acetatc (EDTA)

for each 10 ml. of blood. Fifteen ml. aliquots of the anticoagulated blood we’c trinsferred

to 125 x 25 mm. test tubes. To each 5 ml. of blood, 0.1 ml. of 1 per cent Polybrene (hex-

adimethrine bromide ) was added and the tubes were inverted 10 times. Droplets �f blood

remaining on the tube wall above the blood level were carefully removed by a cotton ap-

plicaton. The tubes were then allowed to stand at room temperature for about 20-30

minutes. At this point, when most of the agglutinated red cells were sediniented down,

the tubes were centrifuged in a No. 213 swinging head of a Model CL International

clinical centrifuge, at exactly 300 rpm. After five minutes of initial centnifugation, the tubes

were rotated 180 degrees on the long axis in the centrifuge cups and recentrifuged f.r an

additional five minutes. The purpose of this rotation was to prevent sedimentation of the

red cell agglutinates on the tube wall. The leukocyte-nich supernates were then decanted.

For the purpose of counting, the red cell clumps were dispersed4 by further addition of

one volume of 10 per cent EDTA to 24 volumes of supernate. Counts in all samples were

done in duplicate and differentials were determined by counting 300 cells oim slides

stained by Wright’s stain. Direct platelet counts were performed by phase contrast

microscopy.5

To prepare platelet-poor leukocyt� suspensions, platelets were removed by differential
centrifugation prior to addition of Polybrene. Tubes containing 15 ml. of anti�oagulated

blood were centrifuged at 1500 rpm for 15 minutes. The platelet-rich, leukocyte-poor
supernates were separated and recentnifuged at 3000 rpm for 10 minutes. The platelet-

poor supernates were then returned to the original blood samples, mixed and processed

for separation of leukocytes, as described above. Defibnination technic by glass beads like-
wise was applied to remove the platelets prior to separation procedure.

Supravital staining of isolated leukocytes was performed with Trypan Blue as described
by St#{228}helinet al.#{176}

Hemolytic anti-red-cell antibodies were used to produce erythrophagocvtosis.7 A1 red
cells and anti-A iso-antibody with a hemolytic titer of 1:4 was used in these experiments.

In order to remove both Polybrene and EDTA from the medium, platelet-poor leukocyte

suspensions were diluted in 10 volumes of isotonic saline and centrifuged at 1200 rpm

for five minutes. The sedimented cells were resuspended in donor’s own fresh serum to
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produce a final leukocyte concentrition of about 10,000/cu.mni. To 0.1 ml. of the cell

suspension, 0.05 ml. of 2 per cent donors own red cells in fresh serum, and then 0.1 ml.

of anti-A serum were added. The mixtures were incubated at 37 C. for about 10 minutes

and the details of the reaction were studied by phase microscopy as described el�;ewhere.7

Oxygen uptake detenninations were done by the direct Warbuig niethod. Two-tenths ml.
of 10 per cent KOH and small filter papers were placed in the center welb of 20 ml.

flasks; the fluid phase was 2.2 ml. anl gas phase was room air. The flasks were subjected

to continuous shaking at 120 oscillatbns per minute and 37 C. Since high concentrations

of leukocytes are needed for metabolic studies, an(l concentrating procedures such as

centrifugation depress Ieukocyte respiration,8-9 leukemic blood with high leukocyte count

was used. Leukocyte suspensions were prepared by spontaneous sedimentation of the red

cells. The leukocyte counts were adjusted to about 5 x 1&�/cu.mm. by dilution of lcukocyte-

rich supernates with donor’s own plasma. Red cell contamination was about 50(W�-600O/

cu.mni., and the number of platelets was about the same. To 1.5 ml. of cell suspensions

used in each flask, 0.5 ml. of various dilutions of Polybrene in isotonic NaCI were added

and 30 niinutes after mixing, oxygen uptake was nieasured at 10 minute intervals and

compared to controls with isotonic saline instead of Polybrene.

RESULTS

Table I demonstrates the results of leukocyte separation in 15 normal blood

samples separated at 22 C. The platelet contamination could not be evaluated

by platelet counts because of irreversible platelet agglutination by Polybrene;4

grossly, however, it appeared that more than half of the platelets were re-

moved during separation.

Employing identical procedures, the results of leukocyte separation varied

for different blood donors; the required incubation time primarily appeared to

depend upon the ratio between fluid and cellular phase1#{176}in the sample. An

attempt to increase the fluid phase by addition of saline was not satisfactory

in that such treatment resulted in increased red cell contamination. ‘rhe data

indicate that the average number of recovered leukocytes per cu.mm. in leu-

kocyte-rich supernatants is about 80 per cent of that in the original blood

sample. It also appears that a melatively fixed number of red cells remains,

giving a predictable purity of the yield which increases by use of blood samples

with high leukocyte counts.

Table 2 shows the results of leukocyte separation following preliminary

removal of platelets. It may be seen that by preliminary differential centrifuga-

tion, close to 90 per cent of platelets were removed; further removal was ac-

complished during the separation procedure.

Table 1.-Leukocyte Separation from 15 Normal Donors

Average

-�
Ranre

Leukocyte count in original blood sample 7613 5000-12000

Hematocnit in original blood sample 45’�(. 49%-40%

Leukocyte count in cell rich supernate 6073 4000-10500

Erythrocyte count in cell rich supernate 1280 550-2000

Leukocyte-erythrocyte ratio in cell rich

supernate 4.8 2.5-9

Recovery of total leukocytes 40% 31%-58%

Recovery of polymorphonuclears 51.5% 39%-70%
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Table 2.-Leukocyte Separation Following Preliminary Platelet Removal
by Differential Centrifugation

Average of 3 Samples

Leukocyte count in original sample 5780

Platelet count in original blood sample 248000

Platelet count following differential

centrifugation 28000

Leukocyte count in cell rich supernate 4666

Erythrocyte count in cell rich siipernatc 1033

Table 3.-Average Differential Count on 15 Normal Blood Samples

Polymorphonuclears Lymphocytes Monocytes Eosinophils Basophils

Before

After
separation 60% 30 3 3

separation 79% 13 3 4
1

1

The differences between leukocytes and lyrnohocytes were found to he statistically

significant with P = <0.001.

Almost complete platelet removal could also be accomplished by the de-

fibrination technic, but this procedure usually decreased the leukocyte yield.

Effects of temperature: Leukocyte separation was carried out at ro�r�i temper-

ature, 37 C. or 4 C. with essential1y similar results.

Effects on differential count: Total and differential counts were done on 15

blood samples before and after separation, and, as is shown in table �3. ly’mpho-

cytes were partially removed during the separation procedure. Lymphocytes of

normal blood samples and especially samples obtained from patients with

chronic lymphatic leukemia wer� agglutinated by Polybrene.

Properties of Separated Leukocytes

Phase microscopy: The cells appeared normal and highly mobile when

warmed to 37 C. and examined at 400X magnification.

Supravital staining: Nuclei of fewer than 3 per cent of the cells were stained

by Trypan Blue.

Effects on the cells by washing: The separated leukocytes did not undergo

spontaneous clumping even when kept at room temperature for over a week.

However, following washing in isotonic saline, strong clumping occurred. The

clumps were found to be mixed aggregates of leukocytes and platelets. The

degree of clumping was proportionate to platelet contamination and no clump-

ing occurred if platelets were completely removed. Aggregation was likewise

inhibited by addition of 0.1 per cent EDTA to the washing fluid.

Phagocytosis: Highly active erythrophagocytosis was produced in almost all

phagocytic cells. This is illustrated in figure 1. Phagocytosis could be best

evaluated if platelet-poor preparations were used, to avoid clumping of the

phagocytes following the washing procedure.

Oxygen uptake: Figure 2 demonstrates the oxygen uptake of a representative

blood sample obtained from a patient with chronic myelogenous leukemia.

It may be seen that there was no Significant difference in oxygen uptake fol-
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Fig. 1.-Erythrophagocytosis. Phase microscopy x 900.

lowing addition of 1 or even 5 mg. of Polybrene to 1.5 ml. of cell suspeilsion

prepared from anticoagulated 1)Iood.

Discussiox

Qualitative studies of leukocytes prepared by the present method reveal

intact viability and no evidence of any harmful effect caused by Polybrene,

as measured by supravital staining, sthdy of phagocytosis and cell mobility.

In the presence of large amounts of Polybrene, the oxygen uptake of lenkemic

cells was not altered. The present technic by its speed, simplicity and quality

of the preparation, may be considered a significant improvement in the technics

available for the separation of human leukocvtes.’3 It provides a greater degree

of purity and a satisfactory yi��id.

The described procedure is standardized for the blood volume and the

test tube size used. It might have to be modified if these conditions are

changed. Slow centrifugation is necessary to sediment down the remainder

of floating red cell clumps. The application of proper centrifugal force i.�

critical in that by inadequate centrifugation, although fewer of the leukocytes
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Fig. 2.-Oxygen uptake of leukemic cells in presence of varying amounts of

polybrene.

may be lost, larger number of red cells remain in the supernate. By the corn-

bination of this method with the procedure of “osmotic shock,” in which red

cells are lysed by 30 seconds exposure to distilled water,12 we were able to

accomplish further removal of the contaminating red cells.

The curious observation that mixed leukocyte-platelet agglutination occurs

following removal of plasma from the leukccyte-rich supernates must be con-

sidered if preparations of non-agglutinable cells are desired.

The separated cells are mostly polymorphonuclears, lymphocytic contamina-

tion being reduced because of agglutinating effects of Polybrene on lympho-

cytes. This suggests that lymphocytes, as compared to granulocytes, may

have a greater degree of net electronegative charge. Similar to lymphocytes,

a weak agglutination was observed in cells obtained from patients with acute

leukemias and immature cells of bone marrow.

The technic described here is not applicable to rabbit leukocytes because

rabbit red cells fail to agglutinate with Polybrene.4 However, in other labora-

tory animals such as rats, mice or dogs which have red cells with higher

electronegative charge,11 red cell agglutination may be induced by Polybrene;

accordingly, leukocyte separation by this technic might be applicable.

Su�i�y

A simple technic for separation of human leukocytes is described. It utilizes

differential sedimentation following red cell and platelet agglutination induced

by Polybrene. In this technic, lymphocytes are partially removed and over

50 per cent of polymorphonuclears are recovered. The leukocyte/red cell ratio

is about 5, if blood samples with normal leukocyte counts are used. By use
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of blood samples containing higher white cell counts this ratio may be in-

creased. The separated cells proved to be highly viable as tested by phase

microscopy, supravital staining and phagocytosis. There was no significant

change in oxygen uptake of leukemic cells in the presence of a relatively large

Polybrene concentration.

SUMMARIO IN INTERLINGUA

Es describite un simple technica pro le separation de leucocytos human.

Illo utilisa le principio del sedimentation differential post agglutination erythro-

cytic e plachettal inducite per Polybreno. In iste technica le lymphocytos es

partialmente eliminate e plus que 50% del polymorphonucleares es recovrate.

Le proportion leuco-erythrocytic es circa 5:1 Si le specimen usate es character-

isate per un normal numeration leucocytic. Per le uso de specimens de sanguine

con plus alte numerationes leucocytic on pote augmentar ille proportion. Le

separate cellulas se monstrava altemente viabile secundo tests a microscopia

de phase, a tincturation suprivital, e a phagocytosis. Esseva constatate nulle

significative alteration del acceptation de oxygeno in le presentia de relative-

mente alte concentrationes de Polybreno.
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