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ABSTRACT OF THE DISCLOSURE 

A method of separating platelets from whole blood or 
blood constituent by separation fractionation is disclosed 
in which a combination of reagents including formalde 
hyde or other suitable blood ?xative agent and a separa 
tion dextran polymer or other suitable separation agent 
are added to the whole blood for separating a platelet 
containing fraction thereof and the resulting mixture al 
lowed to separate leaving a layered structure from which 
the desired fraction may be easily recovered. 

BACKGROUND ‘OF THE INVENTION 

Field of the invention 

The invention relates generally to the separation of the 
constituents of whole blood and, more particularly, to 
the separation of platelets from other blood constituents. 

Description of the prior art 

Normal whole blood consists of 45 to 65 percent plasma 
which is a ?uid constituent and the remainder is made 
up of cellular components. The cellular fraction in each 
cubic millimeter of whole blood includes approximately 
four million to 6.5 million red cells (erythrocytes), 150, 
000 to 400,000 platelets and 4,000 to 10,000 white cells 
(leukocytes). 

Several important laboratory tests involving blood 
which are quite indicative of the state of health of the 
patient involved are greatly facilitated by the separation 
of various blood constituents so that certain of these may 
be independently counted or evaluated. One of the most 
important of these is known as the “leukocyte differential 
count” in which a representative sample of white blood 
cells (of which there are a number of distinct kinds) is 
counted to determine the relative numbers of the several 
kinds of these cells which are present in the sample. An 
accurate determination of the relative numbers of the 
various kinds of leukocytes present in an individual’s 
blood is extremely important in the diagnosis and evalua 
tion of many conditions. 

Because of the importance of this and other tests and 
because the results of any differential count are directly 
related to the quality of the sample utilized for the count, 
it is very important that the sample be one in which the 
other constituents of the blood which might be mistaken 
for leukocytes are removed therefrom as much as possi 
ble. Also, the relative numbers of the various types of 
leukocytes must as closely as possible represent the rela 
tive numbers which exist in the whole blood from which 
the sample is derived. The need for a relatively pure, rep 
resentative sample has also greatly increased with the ad 
vent of automated systems for leukocyte di?‘erential 
counting in helping to eliminate errors resulting from im 
proper differentiation of leukocyte images from erythro 
cytes (red blood cells), platelets or other debris in the 
sample. Such a sample also facilities recognition of dis 
tinct types of leukocytes. Thus, for such a test, whether 
it be accomplished by the eye of a laboratory technician 
or through an automated counting device could be made 
a great deal more accurate and faster if a sample could 
be prepared consisting solely of concentrated leukocytes. 
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A number of methods have been used in the prior art 

to attempt to isolate a concentration of leukocytes from 
whole blood. These include the selective destruction of 
erythrocytes, natural sedimentation, rolueaux promoted 
acceleration of sedimentation, simple centrifugation, leu 
koadhesion, the use of phagocytic properties and density 
gradient methods. These methods are discussed in detail 
by J. H. Cutts in Cell Separation Methods in Hematology, 
Academic Press, New York, 1970 and by R. L. Walford 
in Leukocyte Antigens and Antibodies, Grune and Strat 
ton, New York, 1960. 

While these enumerated methods have been found to 
be at least partially acceptable in obtaining a concentrate 
of leukocytes, each suffers from one or more disadvan 
tages as procedures to prepare such a sample for a diifer 
ential count. Thus, the selective destruction of erythro 
cytes often leads to unacceptable changes in white cell 
morphology (outward cell appearance) which leads to 
errors caused by misidenti?cation of such cells in the dif 
ferential count. Sedimentation, including accelerated tech 
niques, take a long time to prepare (at least thirty min 
utes) and can result in a concentrate containing a great 
number of platelets, which is disadvantageous for auto 
mated recognition as these may also be misidenti?ed as 
white cells. Simple centrifugation also results in a con 
centrate having a large number of platelets and often 
results in a change in cell distribution i.e., a change in 
the relative numbers of the different types of white cells 
in the sample due to trapping of some of the white cells 
by the red cells as they are centrifuged down. Both 
leukoadhesion and the use of phagocytic properties also 
results in a change in the differential distribution of the 
white cells from that in the original sample. The density 
gradient techniques require a great deal of time, skill and 
special equipment to carry out and are not practical in a 
laboratory processing a large number of samples daily 
such as is common in large hospitals. 
One technique also employed in the prior art to remove 

platelets from whole blood is known as de?brination. 
This may be simply de?ned as the removal of the co 
agulating or clot producing agents by removal of the 
platelets from the blood. In that procedure, several glass 
beads are added to a container of typically ?ve to ten 
milliliters of fresh whole blood and the tube slowly 
shaken or rotated for from ?ve to ?fteen minutes. The 
platelets adhere to the glass beads and upon removal of 
the glass beads from the solution of whole blood, the re 
sulting solution is essentially free of platelets. A leukocyte 
concentrate can then be obtained from the de?brinated 
whole blood. This procedure, however, has two major 
disadvantages. The ?rst is that fresh blood must be used 
and that the procedure must be carried out immediately 
after the blood is drawn. If the blood is not de?brinated im 
mediately it will clot and will be useless for a differential 
count or many other possible laboratory tests. If an anti 
coagulant is added the procedure Will not Work. The 
second major disadvantage of de?brination is the loss of 
leukocytes in the process due to their sticking to the plate 
let masses. Not only does this reduce the total number 
of white cells but it can change the white cell differential 
by preferential removal of one or more types of these 
cells. 

It has also been known in the prior art to utilize 
dextran dissolved in a dilute solution of NaCl to obtain 
a leukocyte-rich plasma from a sample of whole blood 
to which an anticoagulant such as heparin has been 
added. That method is described in detail in an article by 
William A. Skooge and William S. Beck entitled “Studies 
on the Fibrinogen, Dextran and Phytohemagglutinin 
Methods of Isolating Leukocytes,” Blood, Volume XI, 
No. 5, 1956. Although that method does achieve a 
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leukocyte-rich plasma, it also suffers from several dis 
advantages. First, the platelets are not removed from the 
leukocyte fraction. Second, although most are removed, a 
signi?cant number of red cells remain in the ?nal prepara 
tion and third, as with most other methods, the proper 
white cell differential is not maintained because of prefer 
ential removal of one or more species of the white cells. 
The above, last-discussed method does not employ 

any ?xative agent in combination with the dextran. A 
?xative agent may be de?ned for the purposes of this 
speci?cation as a compound which, while compatable 
with blood in other respects, when added to blood or a 
cell-containing fraction thereof, immobilizes the cells and 
facilitates their identi?cation and the performance of 
certain other tests. The compounds most frequently used 
are aldehydes such as formaldehyde or glutaraldehyde. 

Thus, as can be seen from the above discussion, none 
of the methods employed in the prior art have achieved a 
complete blood platelet removal from the other con 
stituents of blood without disturbing the morphology of 
the other cells or changing the relative numbers of the 
various types of such cells which remain in the sample. 

SUMMARY OF THE INVENTION 

In accordance with the present invention the problems 
associated with the removal of the platelet fraction either 
from whole blood or other constituents of blood without 
disturbing either the morphology of the remaining cell 
constituents or the relative numbers of different types of 
cells in the cell constituents are solved by the use of a 
unique combination of reagents in a layered separation 
process. The method of the invention utilizes a sample of 
whole blood or blood fractions from which the platelets 
are to be removed. To this amounts of a suitable ?xative 
agent such as formaldehyde (in the preferred embodi 
ment) and dextran are added in a manner which achieves 
a desired concentration of these reagents in the ?nal solu 
tion. After the passage of sufficient time so that the 
separation reaction may occur, the platelet-containing 
fraction may be more thoroughly separated from the 
remainder of the solution by well-known techniques such 
as mild centrifuging. The desired fraction may then be 
recovered. Normally, an anticoagulating agent such as 
EDTA (ethylenediaminetetraacetic acid) or heparin is 
added to prevent coagulation of the sample before the 
reagents are added. 

In addition to dextran, it has been found that certain 
concentrations of polyvinylpyrrolidone in combination 
with the ?xative agent may also be employed to achieve 
comparable results. Also, although formaldehyde is 
preferred, other ?xative agents including glutaraldehyde 
and benzenaldehyde have been used. 

A DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

As stated above, the addition of a unique combination 
of reagents in the separation of blood components has 
been discovered to allow the complete removal of the 
platelet fraction without disturbing either the relative 
numbers of the cellular constituents or the morphology 
of these cellular constituents. Thus, in the preferred em 
bodiment, it has been discovered that the combination of 
formaldehyde and dextran provides a unique layered 
separation in whole blood or fractions thereof contain 
ing blood platelets which allows the selective removal of 
the platelets. 

It has also been discovered that the relative concen 
trations of the dextran and the formaldehyde in the ?nal 
sedimentation solution in combination with the average 
or mean molecular weight of the dextran employed are 
far more important than the particular mode of addition 
of the dextran and formaldehyde. ' 

It is preferred, however, as with most laboratory 
techniques wherein a high degree of repeatability is re 
quired standard solutions be used such that given speci 
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4 
?ed amounts can be added to a given sample type and 
size. Thus, the formaldehyde is normally added in the 
form of formalin which is a 37 percent aqueous solu 
tion of formaldehyde and the dextran is normally a 12.5 
percent solution in 0.9 percent aqueous sodium chloride. 
These individual reagents can also be combined into a 
single additive reagent to be used in the method of the 
invention. 
A further discussion of the effect of concentrations 

and molecular weight of dextran is given below. The fol 
lowing are speci?c illustrations of laboratory procedures 
which may be used to accomplish the method of the 
present invention. 

ILLUSTRATION I 

One part of a dextran solution of 0.9‘ percent aqueous 
sodium chloride is added to four parts of blood contain 
ing EDTA anticoagulant agent and sufficient formalin 
(317 percent aqueous solution of formaldehyde) is added 
to make the ?nal concentration of dextran approximately 
1.8 percent and the ?nal concentration of formaldehyde 
approximately three microliters per milliliter of sample 
(approximately 0.11 percent) of the total sample. The 
mixture is then put in a hematocrit tube and spun in a 
hematocrit centrifuge for from one to ?ve minutes. This 
results in a distinct layered structure being created in the 
hematocrit tube which includes a relatively thick layer 
of red cells on the bottom of the tube, an extremely thin 
layer of white blood cells adjacent the red cells, a thin 
layer of platelets above the white cells and the plasma 
solution on top. The double fraction containing the plate 
lets and white cells is known as the buffy coat. The tube 
is then broken at the white cell/red cell interface and 
the buffy coat and a small amount of plasma is allowed 
to ?ow out of the top portion of the tube. The platelet 
layer is formed as a coagulated mass or plug and, if suf 
ficient care is exercised the plug of platelets can be 
removed intact leaving behind a concentration of white 
cells and a small amount of plasma for an accurate dif 
ferential count sample. Tests have indicated that when 
the white cells and plasma are then mixed, spread on’ a 
slide and the differential count taken, this differential 
count agrees very well with that utilizing whole blood 
from the same original blood sample. 
The ?nal concentrations of both formaldehyde and 

dextran utilized in the method of illustration I represent 
optimum concentrations arrived at by a great deal of ex 
perimentation. In this experimentation it was found that 
concentrations of formalin of the order of 1 microliter 
per microliter of sample (approximately 0.04 percent 
formaldehyde) resulted in no platelet plug formation at 
all, while formalin concentrations above about 6 micro 
liters of formalin per milliliter of sample (about 0.24 
percent formaldehyde) resulted in undesirable changes 
in the white blood cell differential count. Thus, while 
other concentrations within that range will produce a 
platelet plug without affecting the white cell differential 
count adversely, approximately 3 microliters per milli 
liter of sample is found to produce the optimum results. 

Extensive experimentation was also conducted in ar 
riving at the ?nal optimum percentage of dextran. Initial 
experimentation in regard to ?nding the best dextran 
concentration included a determination of the range mo 
lecular weights of dextran which produce the best sedi 
mentation of red cells and platelets. 

Dextrans, of course, are highly branched glucosans 
normally produced by the fermentation of sucrose solu 
tions by certain bacteria and occur naturally. Dextrans 
having a wide variety of average or mean molecular 
weights ranging from a few thousand to several million 
can be obtained by partial hydrolysis of native dextran. 
From the experimentation conducted to date in regard 

to the present invention, it appears that the range of 
average molecular weights of dextrans which may be 
successfully used in the method of the present invention 
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extends from somewhere in the vicinity of 100,000 to 
somewhat over 1,000,000. Thus, utilizing dextran hav 
ing an average molecular weight of 20,000 in various per 
centages in the solution resulted in no sedimentation of 
red cells or platelets separation and appeared to be well 
below the lower limit of usable dextran. lDextrans hav 
ing an average molecular weight of between 250,000 and 
500,000, however, produced excellent results in the con 
centration ranges discussed below. As the average mo 
lecular weight of the dextran is increased, however, a 
decided increase in the viscosity of the solution is noted 
which may hamper the suitability of high molecular 
weight dextrans for use in the method of the invention. 
A dextran having an average molecular weight of ap 
proximately two million, is extremely viscous and is ex 
tremely di?icult to use in standard volumetric reagent 
handling apparatus. 

Utilizing dextran in the 250,000 to 300,000 average 
molecular weight range, a study was made to determine 
the optimum concentration of dextran in the separation 
of blood platelets. The study was conducted utilizing 16 
blood samples in which all 16 blood samples were sub 
jected to sedimentation tests involving a variety of ?nal 
dextran percentages. In these tests it was observed that 
a ?nal concentration of 1.2 dextran or below produced 
little or no platelet separation in the sample. At 1.6 per 
cent dextran little or no separation of platelets or plug 
formation was observed in two samples, some separation 
was observed in four samples and a complete separation 
occurred in ten of the samples. At a concentration of 1.8 
percent dextran, complete separation was observed in 14 
of the samples and considerable although not complete 
separation was observed in the two samples which pro 
duced no separation at 1.6 percent dextran. At a con 
centration of 2.0 percent dextran, complete separation 
and plug formation resulted in the samples, however, 
three of the samples exhibited some clumping of white 
cells and in four of the samples quantities of red cells 
were observed as remaining in the buffy coat. When the 
concentration of dextran was increased to 2.4 percent, 
complete platelet separation occurred but high amounts 
of red cells and clumped white cells were observed in the 
buffy coat. It was further observed at dextran concen 
trations of 2.4 percent and above that the white cell layer 
in the hematocrit tube became split into two portions. 
The white cells containing an internal granular-like struc 
ture or granulocytes were distributed between the red cell 
and platelet layers and the white cells having no internal 
granular structure or a granulocytes were located in a 
separate layer on top of the platelets. That condition, of 
course, would make a valid differential count impossible. 
In view of all the experimentation conducted to date, 
the conclusion has been that a dextran concentration in 
the range of from about 1.6 to about 1.8 percent presents 
the optimum dextran concentration. 

While the so-called hematocrit method of platelet re 
moval utilized in Illustration I is a possible laboratory 
technique and was used for the bulk of the optimization 
work in regard to the method of the invention, a method 
more suitable both to the individual conducting the tests 
and to ease of automation has been developed and is illus 
rated in Illustration II, below. 

ILLUSTRATION II 

Two ml. fresh whole blood containing EDTA anti 
coagulant was added to a tube containing sufficient 
formalin and 12.5 percent dextran in 0.9 percent aqueous 
sodium chloride (average molecular weight 275,000) to 
provide a ?nal solution having a concentration of ap 
proximately 3 microliters formalin per milliter of total 
solution (approximately 0.11 percent formaldehyde) and 
1.8 percent dextran. This mixed solution was then allowed 
to stand for approximately 15 minutes. The tubes were 
then batch rotated for approximately 15 minutes to 
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6 
achieve a slight continuing agitation of the mixture. The 
batch rotation conducted with the tubes in a vertical plane 
and at very low speed (approximately 10 r.p.m.’s). At 
this point platelets had separated from the plasma and 
white cells; and the red cells had formed clumps known 
as rouleaux which were segregated also from the plasma 
and white cells. The tubes were then subjected to a cen 
trifugation in a low g centrifuge, at approximately 
1l0><g for approximately three minutes. When the tubes 
were thereafter removed from the centrifuge wellde?ned 
fractions existed in which the red cells and the platelets 
were completely separated from the white cells suspended 
in the plasma. The white cell-plasma layer was located 
above the red cell and platelet layers at this point and 
could readily be removed from the tube without disturb 
ing the other constituents. There was no need for break 
ing the tube as in the hematocrit process and precisely 
removing a plug of platelets. Instead the plasma solution 
with suspended white cells could be drawn off without 
disturbing the other layers. 

It further concentration of the leukocytes or white 
cells is required, the solution of white cells suspended in 
plasma removed from the low g batch centrifuge may be 
recentrifuged in a high g (1,000—1,500><g) for a period 
of time, normally about ?ve minutes and the supernatant 
liquid poured off yielding a concentrated button of White 
cells. To this concentrated button of white cells a re 
suspension ?uid consisting of 0.9 percent aqueous sodium 
chloride may be added to achieve the degree of sample 
dilution desired for the particular test to which the white 
cell button is to be subjected, usually a differential count. 
Resuspension can be readily achieved by simply vibrating 
the tube to break up the white cell button and resuspend 
the cells in the resuspension ?uid. While resuspension is 
normally accomplished utilizing aqueous sodium chloride 
other compatable liquids which preserve the sample with 
out a?ecting cell morphology may be used. These are 
all referred to as “cell maintenance” solutions. 

In regard to the method of Illustration II, it might be 
performed in normal hospital procedures. Prefabricated 
vacuutubes might even be provided which would contain 
the mixed formaldehyde and dextran and the blood sam 
ple drawn directly from the patient. This, of course, could 
reduce the laboratory time required in preparing the 
sample as the initial standing period could start as the 
sample is drawn. 
Some experimentation has been done in regard to Illus 

tration II insofar as variations in concentration of the 
formaldehyde and dextran are concerned with the result 
that the optimum concentrations reagents for the multi 
step method of Illustration H appear to be the same as 
for the ‘hematocrit method of Illustration I. It was ob 
served, however, that if the concentration of formalin 
was increased much above 3 microliters per milliter 
(about 0.11 percent formaldehyde) a decrease was 
noticed in the relative numbers of neutrophils (the most 
common type of white cell normally making up about 
65 percent of a normal white cell count) was decreased 
in the ?nal concentrated white cell preparation. This, of 
course, results in an undesirable condition whereby the 
?nal preparation is not representative of the true white 
cell count involved. At the higher formaldehyde concen 
tration, however, there was a resulting better platelet re 
moval. The observed effect of varying the dextran con 
centration appeared to have somewhat the same effect. 
Thus, an increase in the dextran concentration much 
above 1.8 percent also resulted in an increasing removal 
of neutrophils along with the platelets and in some red 
cell contamination of the ?nal sample. As the concen 
tration was decreased below 1.8 percent the platelet sedi 
mentation aspect was adversely affected but a better 
white cell retention was obtained. 

It was also noticed that when samples were processed 
eliminating the initial standing time of the mixed solu 
tion, this resulted in a marginal overall platelet removal 
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after the ensuing steps were followed. Fifteen minutes 
appeared to be the minimum acceptable time for con 
sistently good sampling results. If the samples were 
allowed to stand even longer than ?fteen minutes, even 
more consistent and better platelet removal resulted. The 
samples could be allowed to stand up to two hours with 
retention of excellent differential count results. Of course, 
in any practical laboratory process a two hour stand 
time is probably longer than most clinical laboratories 
would desire. 

It was also observed that the ?rst centrifuge step had 
to be an extremely low speed. If this procedure is not 
followed, the result is a loss of neutrophils from the white 
cell segment of the segmented sedimentation. For ex 
ample, a sample which resulted in a good white cell dif 
ferential count agreement utilizing a centrifugation step 
at 1l0><g exhibited a loss of 24 percent in the neutrophil 
count when the same sample was centrifuged at 1,140><g. 
At the higher centrifugation speed there also appeared 
to be a loss of total white cells in addition to changes in 
the relative numbers of the white cells. 

It should be noted in regard to both of the outlined 
Illustrations that wide variation in biological platelet 
behavior was observed within the sample donor base 
utilized. Why, for example, behavior for a given concen 
tration of dextran was not completely consistent through 
out the entire sample base is unknown. It may well be 
that there is a range of biological sensitivities to sedi 
mentation reagents such that 100 percent repeatability 
is not obtainable. It is known that the entire donor base 
did not consist of blood samples all of which contained 
normal or near normal white blood cell differential 
counts. It may well be that along with abnormal white 
cell differential counts some abnormalities in platelet 
properties were also present which may have caused the 
minor number of inconsistent separation results. Gener 
ally, the results appear within the range of normal bio 
logical reaction diiferences for such tests, however. As 
a general approach it appears that the method of the 
present invention represents a great improvement over 
all the previous procedures heretofore known. 

In addition to the above enumerated illustrations sam 
ples were run using the same basic formaldehyde concen 
tration but substituting polyvinylpyrrolidone (PVP) hav 
ing an average molecular weight of approximately 360, 
000 instead of the dextran. A ?nal solution containing 1.2 
percent PVP produced an incomplete platelet removal. 
A higher concentration of 2.4 percent PVP produced 
good results inasmuch as complete platelet removal was 
achieved without detrimental effects to the White cell dif 
ferential count sample. However, there was generally a 
higher number of residual red cells in the ?nal concen 
trated white blood cell sample than was observed with 
the use of dextran. 
While no conclusive experimentation has been carried 

on to date, it is thought highly probable that certain other 
materials might be useful as platelet sedimentation agents. 
These materials include fibrinogen, phytohemagglutinin, 
gelatin, acacia and ?coll. Many of these above enumer 
ated materials are also available in a wide variety vof 
molecular weight ranges and any optimization would have 
to be determined by separate extensive testing. 
Although the above discussion of the preferred em~ 

bodiment has been limited to formaldehyde insofar as the 
?xative agent is concerned, experiments with glutaralde 
hyde and benzaldehyde indicate that these compounds 
and probably other compatable ?xative agents can be used 
instead of formaldehyde in the method of the present in 
vention. The Optimum concentration ranges of these 
other suitable agents in the method of the invention has 
not been determined to date. Preliminary tests also indi 
cate that these alternative ?xative agents though useable 
may be somewhat inferior to formaldehyde in the method 
of the invention. 
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The embodiments of the invention in which an exclu 

sive property or right is claimed are de?ned as follows: 
1. A method for separating the platelet fraction from 

other constituents of blood, said method comprising the 
steps of forming a mixture by: 

combining with said blood constituents 
a ?rst additive comprising an amount of a suit— 

able blood ?xative agent and 
a second additive comprising an amount of a com 
pound from a class of compounds which, in 
combination with said ?xative agent, produce a 
separation of said platelet fraction 

allowing separation to occur by sedimentation 
recovering the desired fraction. 

2. The method of claim 1 wherein an anticoagulant is 
combined with said blood constituents. 

3. The method of claim 1 wherein said ?rst additive is 
one selected from a group of ?xative agents consisting 

of formaldehyde, glutaraldehyde and benzaldehyde 
and wherein said second additive is one selected from 

the group consisting of dextran and polyvinylpyr 
rolidone. 

4. The method of claim 2 wherein said ?rst additive is 
formaldehyde and said second additive is dextran. 

5. The method of claim 4 wherein 
said amount of formaldehyde is one suf?cient to achieve 

a ?nal formaldehyde concentration of from about 
0.09 to about 0.2 percent and 

said amount of dextran is one sufficient to achieve a 
?nal dextran concentration of from about 1.6 to 
about 2.6 percent. 

6. The method of claim 4 wherein said dextran has an 
average molecular weight of from about 100,000 to about 
1,000,000. 

7. The method of claim 4 wherein said dextran has an 
average molecular weight of from about 200,000 to 
about 500,000. 

8. The method of claim 4 wherein said formaldehyde is 
in the form of an aqueous solution of formaldehyde. 

9. The method of claim 4 wherein said dextran is in 
the form of a saline solution of dextran in aqueous sodi 
um chloride. 

10. The method of claim 4 wherein said dextran added 
in the form of a solution containing from about 5 percent 
to about 18 percent dextran in an 0.9 percent aqueous 
sodium chloride solution. 

11. The method of claim 1 further comprising the step 
of agitating said mixture during said sedimentation step. 

12. The method as claimed in claim 1 further includ 
ing centrifuging said mixture after sedimentation to facili 
tate recovery of the desired fraction. 

13. A method of separating the platelets from other 
constituents of blood comprising the steps of 

combining with said blood constituents 
an amount of formaldehyde sufficient to achieve 

a ?nal formaldehyde concentration of from 
about 0.09 to about 0.2 percent 

an amount of polyvinylpyrrolidone suf?cient to 
achieve a ?nal polyvinylpyrrolidone concentra 
tion of from about 2.0 to 3.0 percent 

allowing sedimentation to occur 
recovering the desired fraction. 
14. The method of claim 13 wherein said polyvinylpyr 

rolidone has an average molecular weight from about 
100,000 to about 500,000. 

15. A method of obtaining a platelet-free leukocyte 
sample from blood comprising the steps of: forming a 
mixture by 

combining said blood with an amount of formaldehyde 
su?icient to achieve a ?nal formaldehyde concentra 
tion of from about 0.09 to about 0.2 percent and 

an amount of dextran sufficient to achieve a ?nal dex 
tran concentration of from about 1.6 to about 2.6 
percent, 
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allowing said mixture to stand for a minimum of 5 

minutes, 
agitating said mixture for a period of about 5 min 

utes or more, 
centrifuging said mixture at a force of from about 80 

to about 110Xg for from about 2 minutes to about 
5 minutes, 

recovering the leukocyte-containing fraction from 
said sedimented centrifuged mixture, 

centrifuging said leukocyte-containing fraction at a 
force of from about 900 to about 1500><g separat 
ing resulting precipitate from the supernate, 

resuspending said precipitate in a cell maintenance solu 
tion. 

16. The method of claim 15 wherein an anticoagulant 
is combined with said blood constituents. 

17. The method of claim 15 wherein said dextran has 
an average molecular weight of from about 100,000 to 
about 1,000,000. 

18. The method of claim 15 wherein said dextran has 
an average molecular weight of from about 200,000 to 
about 500,000. 

19. The method of claim 15 wherein said formalde 
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10 
hyde is in the form of an aqueous solution of formalde 
hyde. 

20. The method of claim 15 wherein said dextran is 
in the form of a saline solution of dextran in aqueous 
sodium chloride. 
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