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Separation, Concentration, and Transfusion of Platelets.* (19223) 
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Evaluation of the therapeutic usefulness of 
blood platelets has been hindered by the lack 
of a method which permits the efficient separa- 
tion and concentration of these elements 
physiologically intact in quantities suitable 
for transfusion. The method described below 
has met these requirements reasonably well? 
and may serve as a useful point of departure 
for others interested in this field. I t  has been 
kept sufficiently simple that no unusual tech- 
nical skill or equipment are required. 

Materials and mcthods. The method is 
based on the use of di-sodium ethylene dia- 
mine tetra-acetate (Sequesterene A'a2t) as 
anticoagulant, and the use of differential cen- 
trifugation for the separation and concentra- 
tion of the platelets. One g of Sequesterene 
and 0.7 g of sodium chloride were dissolved 
in 100 cc of distilled water. Sine parts of 
blood were added to one part of the Seques- 
terene solution. Venous blood was collected 
from humans, and arterial or venous blood 
from dogs, by gravity flow through a coated 
15 gauge nylon-hub electro-polished needle: 
and plastic tubing: into 200 ml siliconed cen- 
trifuge bottles, each containing 20 cc of the 
Sequesterene solution. The guinea pig blood 

*The opinions and assertions are those of the 
authors and are not to be construed as reflecting 
the policy or opinions of the Saval Scrvice. 
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was aspirated from the heart into a syringe 
containing the Sequesterene solution and 
transferred to the centrifuge bottles. The bot- 
tles were carefully balanced and centrifuged 
at  30 x g for 50 minutes a t  5 .C. The super- 
natant platelet rich plasma was then siphoned 
into another 200 ml siliconed glass centrifuge 
bottle, using siliconed glass and plastic tubing 
as the siphon. This plasma was centrifuged 
at  300 x g for 50 minutes a t  jCC, and the 
supernatant siphoned off leaving the platelets 
as a loosely packed mass in the bottom of the 
tube. The platelets were then resuspended 
in an aliquot of the supernatant plasma. Re- 
suspension was readily accomplished by as- 
pirating and expelling the platelet-plasma sus- 
pension 3 or 4 times in a siliconed sterilized 
cotton plugged pipette with a tip bore of 1 mm 
or more. -411 platelet counts were done by the 
method of Brecher and Cronkite( 1). To test 
the viability of the platelets, animals were 
usually given the equivalent of their normal 
total platelet content by transfusion, the 
volume of suspension varying from 1-2 ml in 
guinea pigs and 10-25 ml in dogs. Sixty-three 
transfusions of pooled platelets were given to 
guinea pigs, and 19 were given to dogs; 4 of 
the guinea pigs were normal, 13 were irradi- 
ated, 3 of the dogs were normal, and 3 were 
irradiated. The transfusions were given 
within one hour of the preparation of the sus- 
pension and within 4-5 hours of drawing the 
blood. No platelet transfusions were at- 
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TABLE I. Results of Platelet Trailsfusions on l%tclct JAcvels of Norinal and Jrradiated Dogs. 

,A? la t elrts coiiii t, 1000/mm37 
Post irrad- Ut+orc Total platelets Vol susp., 

bJg SO. iation day tr:i nsf usion 2 Iir after iiij., X l0lU ml 

.-) , . ) I  - - Xi)rinal 3 (i 3 39;5 1s; 25 
334 9 ,  3011 365 2 25 
33.5 9 ,  300 363 6 25 
3.3.; 11 8 20 18 30 
3 3 3 12 41 1 140 13 20 
33.5 13 5s 125 11 30 
335 14 11 3 190 21 21 
337 1 3 6 0 180 I" 20 
338 s '19.7 285 6 20 

10 20 
I 20.5 338 7 167 225 

338 8 1 i s ?  '105 3.7 22.5 
338 9 12.i 2i)O 15 22.5 
33.3 10 130 120 3" 21 
335 11 3 3 130 8 20 
33s If! 3 0 148 28 23 
338 13 71) 185 4 (5 24.5 

9 0 235 33 25 338 

c 

338 (i 1911 27.j 

____-- ~ - - -  --- 14 
--- --. -- 

* Cluiiiping obscrwd in suspcnsi 011. 

tempted in humans. 
Results. Centrifugation of whole blood as 

described above resulted in packing the red 
cells until they occupied a volume of approxi- 
mately 60% of the whole blood. The white 
cells, along with some platelets, were above 
the red cell mass as a loosely packed buffy 
coat. The supernatant plasma contained 
platelets and an occasional small lymphocyte. 
The platelet count of this plasma was usually 
double the platelet count of whole blood in the 
case of human and guinea pig blood. With 
dog blood the platelet count was the same as 
that of the whole blood or only slightly higher. 
The use of a 1.5% Sequesterene solution in- 
stead of the usual 1% solution did not in- 
crease the platelet concentration in the dog 
plasma. Platelets not accounted for in the 
supernatant plasma could, however, be recov- 
ered by resuspending the buffy coat and the 
top 10% of the red cell mass in plasma, and 
repeating the first centrifugation. These plate- 
lets were not clumped, and could be readily 
concentrated and resuspended. Generally, not 
all of the plasma could be siphoned off with- 
out disturbing the buffy coat, hence a constant 
loss of supernatant plasma of about 10% was 
encountered. A11 of the platelets from the 
supernatant could be recovered in the second 
centrifugation if the tubes were well balanced. 
The recoveries of platelets from whole blood 

were: 50% for dog blood, 70% for human 
blood, and 85% for guinea pig blood. Exam- 
ination with the phase microscope of the plate- 
lets in whole blood, supernatant plasma or in 
the final suspension, revealed no morphologic 
alteration during processing. In the final SUS- 

pension there was no tendency to clump or to 
adhere to unsiliconed glass surfaces. 
In vitro the blood of irradiated thrombo- 

penic dogs has a prolonged clotting time of 
30 minutes to several hours, forms a fragile 
non-retractile clot, and fails to utilize pro- 
thrombin. The addition of platelets prepared 
with the present method caused clotting in 
less than 2 .minutes, utilization of prothrombin 
and clot retraction( 2).  No comparable stud- 
ies were made with guinea pig blood. In vivo 
20 to 70% of the transfused platelets were 
present in the peripheral blood of normal as 
well as irradiated dogs 2 hours after intra- 
venous transfusion. Approximately 50% of 
the platelets were still present 24 hours later 
as judged from the platelet levels observed on 
the following day before the next transfusion 
was given (Table I). In the irradiated 
thrmnbopenic dog whose platelet level was 
maintained at approximately 100,000 per cu 
mm by platelet transfusion, the coagulation. 
defect and the hemorrhagic tendency were 
prevented (2). 

In guinea pigs with an average weight of 
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250 g the average blood volume was estimated 
to be 20 ml (8% of body weight). On injec- 
tion. the platelets contained in 1 ml of a sus- 
pension would be redistributed in approsi- 
mately 20 times the original volume. Provided 
that all of the platelets continued to circulate, 
the injection of 1 ml of a platelet suspension 
containing 1.000,OOO per cu mm would be 
espected to raise the count of the recipient by 
50.000 per cu mni. Table I1 gives the counts 
obtained before, and 30 minutes after, intra- 
cardiac injection of 6 platelet suspensions 
("-4" to -*F") into 13 guinea pigs. Increases 
in the platelet level were observed in 9 ani- 
mals and amounted to lO-SOC/c of the calcu- 
lated optimal rise. In  2 guinea pigs ( S o .  5 
and 12) the platelet level remained unchanged 
and in 2 ( S o .  3 and 4) it dropped. Three of 
these guinea pigs ( S o .  3,  4! and 5 )  received 
a suspension ("C") which had been heated 
accidentally to 40'C. The 4th animal (KO. 
12) received a suspension ("F") which raised 
the platelet count of another animal (Xo. 13) 
to 80% of the optimal calculated level. 

X o  febrile reactions to platelet transfusions 
occurred when sterile pyrogen free equipment 
and materials were used. One irradiated dog 
developed an estensive urticaria following the 
5th of a series of transfusions. 

Discussion. The tendencies of platelets to 
become sticky, to agglutinate rapidly, and to 
undergo morphologic alterations in shed blood 
are well known. Sequesterene Xaz minimized 
these changes whereas other anticoagulants 
including citrate and ACDO were ineffective. 
I n  unpublished experiments, blood decalcified 
by passage through a cation exchange resin 

sus~icwsioii. So. 1U-13, noriii:iI controls, trniisfuscd 

column at room temperature was also found 
unsatisfactory for the preparation of platelet 
suspensions. Such blood remained fluid, but 
most of the platelets. were retained in the 
column. The resins used were a sulphonic 
cation exchange resin, Dowes 50, and a car- 
bosylic cation exchange resin, ,\mberlite IRC 
50: both on the sodium cycle, buffered to pH 
7.2. -4mberlite IKC 50 when cooled to 1:C 
did not remove platelets from blood precooled 
to 7-9-C. Recovery of platelets from this 
blood, however, was not practical because of 
stickiness and rapid irreversible clumping. 
This was possibly due to the very slow flow 
rate a t  low temperatures which may have 
allowed changes in the platelets to occur be- 
fore the blood reached the column and cal- 
cium was removed. 

In the absence of adequate in vitro technics 
for determining platelet viability it has been 
necessary to evaluate preparations in vivo. 
-1 considerable proport.ion of the transfused 
platelets appeared to maintain their functional 
integrity in that they continued to circulate 
for 24-48 hours, and reversed the coagulation 
defect and hemorrhagic tendency in irradiated 
t hrombopenic dogs (2 ) . In  the normal animal 
part of the platelet rise following transfusion 
might be accounted for by a rapid release of 
the animal's own platelets into the circulation. 
In  the irradiated animal which produces no 
platelets the rise in circulating platelets can 
be accounted for only by the continued circu- 
~ ~ ~ ~- 

8 Solution of tri-sodium citrate, citric aad and 
dextrose, as specified in Minimum Requirements for 
Citrated Whole Blood, Biologics Control Laboratory, 
National Institutes of Health. 
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lation of transfused platelets. The marked 
variation in the rise of circulating platelets in 
different animals given transfusions from a 
single suspension, or from a different suspen- 
sion prepared in identical fashion at another 
time, cannot be explained at present. 

When complexed with calcium, Seques- 
terene is relatively non-ltoxic(3). Proescher 
has shown the usefulness of Sequesterene as 
an anticoagulant for humans(4). In  our lim- 
ited experience Sequesterene has been non- 
toxic as well as non-pyrogenic. although 
large numbers of platelets were removed from 
the circulation of the experimental animals 
within 30 minutes to 2 hours of transfusion, 
no evidence of massive thrombosis or embol- 
ism has been found. 

(1) A simple method is pre- 
sented for the efficient separation and concen- 
tration of platelets from human, dog, and 

Sutnmary. 

guinea pig blood in quantities sufficient for 
transfusion. (2)  This method depends upon 
the use of Sequesterene Ka2 as an anticoagu- 
lant, which prevents the development of plate- 
let stickiness and clumping .in shed blood. 
(3) Platelets prepared by this method and 
transfused into the thrombopenic, irradiated 
dog remain in the circulation, reverse the co- 
agulation defect, and prevent hemorrhage. 
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y-Aminobutyric acid is found in the free 
form in large amounts in brain and spinal 
cord( 1-4). This amino acid and the enzyme 
which catalyzes its formation from L-glutamic 
acid by alpha decarboxylation are present in 
uniquely high concentrations in the tissue of 
the central nervous system( 5,6), The enzyme 
requires pyridoxal phosphate as a coenzyme, 
which can be synthesized by brain from adeno- 
sinetriphosphate and pyridoxal(5,6). When 
rats were fed a diet deficient in pyridoxine 
there was a decrease of ,approximately 5 0 7 ~  
in the degree of saturatipn of apoenzyme with 
coenzyme, but the content of apoenzyme was 
normal ( 7). Refeeding pyridoxine to rats 
previously made deficient resulted in a return 

* This investigation was supported by a research 
grant from thc Xational Cancer Institute, National 
Institutes of Health, U. S. Public Health Service, 
and the Charles F. Kettering Foundation. 

of the activity to a normal level(7). In  the 
present experiments a study was made of the 
content of 7-aminobutyric acid and the ac- 
tivity of glutamic decarboxylase in the brains 
of mice at various stages of development in an 
effort to delineate the role of this system in 
brain metabolism. Some correlative observa- 
tions were made on the nervous tissue of cats, 
rats, dogs, and rabbits. 

Experimental. Animals, preparatios of 
tissues, and analyses. All mice, rats, and 
rabbits employed were killed by dislocation of 
the cervical veEtebrae. The cat and dogs were 
killed by intravenous nembutal. Whole mouse 
and rat brains were used for analysis. Aka- 
holic extracts of the tissues were analyzed 
for the content of 7-aminobutyric acid by a 
paper chromatographic method (3) and the 
maximal potential glu tamic decarboxylase ac- 
tivity was determined by a manometric pro- 


