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levels of hemoantibodies than controls; these 
findings, however, are not yet conclusive. 

A11 experiments described in this report 
were terminated shortly after the last PVP 
administration. For this reason no statement 
can be made as to the duration of the storage 
of PVP. I’t still remains to be established 
whether morphologic and functional changes 
attributable to the administration of PVP are 
wholly or partially reversible, or permanent. 

1. Storage of PVP, or of a de- 
rivative of PVP, was observed) in mice after 
12-24 injections of a 3.5% solution. The ex- 
tent of storage appeared to depend on the 
mouse strain. 2. Simultaneous administration 
of PVP and sulfonated azo dyes led to renal 
excretion of dye, an’d to a decrease in reticulo- 
en~dolthelial dye storage. 3. PVP administered 
after dye was given resulted in elution of dye 
from reticulo-endothelial tissues. 4. PVP ad- 
ministered prior to dye injection prevented 
storage (of dye. 5. On the basis of these find- 
ings, an attempt was made to evaluate biologic 
properlties of PVP. 
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Studies on Platelets. IV. A Thrombocytopenic Factor in Normal Human 
Blood, Plasma, or Serum.’ (19466) 

MARIO STEFANINI~ AND JYOTI B. CHATTERJEA. 
From the Ziskind Laboratories of the N e w  England Center and Joseph H .  Pratt Hospitals, and 

Dcpart meat of Medicine, Tufts College Medical School, Boston. 

In abnormal conditions, individuals may 
develop sensitivity to normal plasma and 
respond to its administration with a series of 
symptoms which have been grouped under the 
definition of “plasma transfusion reaction” 
(1). This has been found to occur con- 
sisten tly in paroxysmal nocturnal hemoglo- 
binuria and, occasionally, in some types of 
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Society . 

blood dyscrasia and extensive carcinomatosis. 
Most of these patients exhibit some degree of 
thrombocytopenia. 

Marked, but transitory thrombocytopenia 
appeared, in our earlier observatilons ( 2 ) ,  to 
be one of the characteristic features of plasma 
transfusion reacticon. Further study, directed 
to investigate the specificity of this finding 
revealed that temporary but significant re- 
duction in blood platelets usually followed the 
transfusion of compatible blood, plasma or 
serum of normal donors into normal recipients 
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TABLE I. Thronibocytopenic Effect of the Transfusion of Elood, Plasma and Serum in Non- 
Throiriboc~tol~c~ilic Kecipients (23 of 36 Oases). 
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* Trailsfusion fol lonwl h -  urticarinl rasli. 
$ C‘oiisidered a iiegatiw result. 

t Transfusion follon-ecl 1 ) ~  moderate chill aid 
fever. 3 Splenectoniized oiie yvar prwiously. 

or nonthrombocytopenic patients(3). In  
practically all instances, no evidence of clini- 
cal reaction occurred at  the time of the in- 
duced thronibocytopenia. 

Materials and  tnPthods. Blood, plasma or 
serum were transfused into 36 compatible 
recipients, both normal individuals and pa- 
tients suffering from varilous diseases but 
with normal platelet count. The recipients 
used in this series were selected from indi- 
viduals who had never been previously trans- 
fused, since substances with agglutinating or 
lysing activity against platelets are demon- 
strable occasionally in the serum of indi- 
viduals who had received multiple blood or 
platelet transfusions (4 ) .  The donors, normal 
subjects and a few patients with various 
pathological conditions but with normal plate- 
let level, were fasting for a t  least 4 hours 
prior to donation. Four hundred ml of blood 

were collected in vacuum bottles containing 
100 ml of ACD solution.$ The plasma 
was separated by centrifugation a t  2,000 
r.p.m. for one hour and aspirated into 
vacuum containers, Serum was obtained by 
separation from clotted blood collected in 
vacuum bottles; i t  was then kept at room 
temperature for 5 hours to alllow complete 
neutralization of thrombin and stored at 4°C 
until used. Blood, plasma and serum were 
typed, grouped and cultured. They were ad- 
ministered to compatible recipients within 5 
days of collection, when not otherwise stated, 
in an amount of approximately 10 (blood) or 
5 (plasma or serum) ml/kg weight for adults 
and 16 (blood) or 8 (plasma or serum) ml/kg 
weight in children a t  a speed (of 80 to 100 

9 100 ml of iiCD solution (Baxter) contain: 
sodium citrate, 1:37 g ;  citric acid, 0.5 g ;  dextrose, 
2.45 g. 
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FIG. 1. Clia1iges in liematocrit, red and xhite blood cells, and platelet count jn  normal recip- 

ients following transfusion of normal plasnia (average 1-alucs of 31 experiments). 

drops per minute. Nineteen additional re- 
cipients received blood or variously treated 
plasma or plasma products, for a total of 55 
observations in the course of this study. Mild 
clinical reactions were observed in two cases 
only: one recipient receiving serum (No. 16, 
Table I) complained of chill shortly after the 
termination of the transfusion and had fever 
for a few hours afterward; another presented 
urticaria1 rash at  the end of the transfusion. 
Before. immediately after and at various inter- 
vals of time following the transfusion (30 
minutes. 1. 2! 3, 6, 1 2 ,  24, 48 hours) several 
determinations were performed in all recipi- 
ents. Hernatocrit, red and white cell counts 
and differential count were obtained by stand- 
ard technics( 5 )  ; platelets were counted in 
duplicate by the indirect method of Dame- 
shek(6). This method is accurate to L- 
6.5 R .  The effect of the induced thrombocyto- 
penia on the various factors and mechanisms 
of hemostasis was studied by means of a series 
of technics which have been outlined previous- 
lY(7). 

a )  E j e c t  of blood, plasma, and 
serum transfusion on the  formed elements of 

Results. 

the  blood. Moderate drop in the hematocrit 
reading ( 2  to 4 mm) for approximately 1 to 3 
hours followed the transfusion of plasma (Fig. 
1). At the same time red cell count and 
hemoglobin content decreased slightly (0.3 to 
0.7 million mmS and 0.6 to 1.4 g per 100 
ml respectively) ? in rough correlation with the 
hematocrit reading. Equivocal changes in the 
white cell count were noted, probably not 
significant in view of the daily fluctuations of 
this value. The number of platelets, on the 
other hand, dropped significantly (more than 
30%) and consistently in 32 of the 36 cases 
studied within 3 hours of the administration 
of blood, plasma or serum. The percentage 
and time of maximum platelet drop are given 
in Table I which includes 23 representative 
cases. The lowest value was reached in most 
cases after 1 hour, the platelet level being 
back to  normal as early as 1 hour and as late 
as 48 hours after the transfusion, with an 
average of approximately 4 hours (Fig. 1). 
The transfusion of whole blood in 3 recipients 
caused comparable effects, that of serum was 
associated with more marked and more per- 
sistent thrombocytopenia than in the case of 
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TSBLE 11. Effect of Transfusion of Normal Plasma niid Serum on Platelet Leyel of  a Kormal 
Rw i pirii t . * ---- Platelet level (per miiP----- 

Before a f t ~  I lir 3 hr 6 11r IIIIT 

blood or plasma (Table H) .  No hemorrhagic 
manifestations were observed in the course of 
this study. Clotting time of whole blood and 
native plasma in glass and Silicone-coated 
test tubes, clot retraction, prothrombin ac- 
tivity of plasma and serum were never sig- 
nifican tly a1 tered during the phase of induced 
thrombocytopenia. Bleeding time and 'tourni- 
quet test remained normal. Platelets col- 
lected from the recipients a t  the peak of the 
induced thrombocytopenia appeared function- 
ally active, since they were able to: a )  restore 
to normal clot retraction, and b )  accelerate 
n'ormally the converqion of prothrombin to 
thrombin when added to normal native plate- 
let -poor human plasma. 

b)  Denaonstration tha t  thrombocytopenia 
induced by  normal plasma is due  t o  act iv i ty  of 
a plasma coinponcnt.  The administration of 
100 ml of ACD solution ( 4  cases) and of red 
cells twice washed with saline solution (4  
cases) was not followed by significant throm- 
bocytopenia in normal recipients. These re- 
sults indicated that the thrombocytopenia in- 
duced by transfusion was due to the activity of 
a factor present in plasma (and serum). I n  4 
cases, however,  therc was no significant drop 
in platelct l e d  after transjusion of t he  recipi- 
ent 's  OWIZ plasma. 

c )  Thrcinbocytopenic  eflcct of normal 
plasma after various f r ea tmen t s .  Five hun- 
dred ml of blood were collected from the same 
donors twice a t  an interval of 3 days. The 
plasma was separated, pooled and divided 
into 2 aliquots. The first was administered 
to a recipient within 2 days and the second 
one was given three days later, after appro- 
priate treatment. These observations were 
run in duplicate, and in the second series the 
order of administration of the treated and un- 
treated plasma was reversed. These experi- 
ments demonstrated that the thrombocytlo- 

penic activity of normal plasma was unaffected 
by storage a t  4'C for 4 months. heating at 
56°C for 30 minutes, decalcification by pas- 
sage over a cation-exchange resin (IRC-50) 
( 1 g per 10 ml of blood), collection in plastic 
bags through Silicone-coated needles (which 
limits to a minimum the disintegration of 
platelets), passage through a Seitz filter. In  
the last experiment, since the presence of 
sodium citrate interferes with the removal of 
prothrombin by Seitz filters(8): plasma was 
obtained by centrifugation from blood de- 
calcified by passage through a column of 
cation-exchanger IRC-50, and was subse- 
quently filtered through Seitz under vacuum. 
Finally, administration of adequate amounts 
of heparin sodium to  4 recipients either before 
or during and after the plasma transfusion 
failed to modify the thrombocytopenic effect. 

d )  Lack  o j  throinbocytopenic actizjity of 
plasma after treatment  with C a J (  PQ4)2  gel. 
Vnder sterile conditions, 1 2  in1 of Ca3(PQ4)2 
gel 0.2 31 per 250 ml of plasma to be used 
were centrifuged in 250 ml glass bottles a t  
2000 r.p.m. for 10 minutes to precipitate the 
solid gel and the supernatant water decanted. 
Since the presence of sodium citrate prevents 
the absorption of certain plasma proteins by 
gels( 9 ) .  the blood was decalcified by passage 
through a column of ion-exchange resin IRC- 
50. Plasma was obtained by centrifugation, 
added to the gel, gel and pIasma well mixed 
by agitation, and incubated a t  37'C for 15 
minutes. Plasma was then separated from the 
gel by centrifugation a t  30001 r.p.m. for 1 hour 
in the cold and finally aspirated into a new 
250 ml bottle. When injected into three normal 
recipients, the plasma so treated did not 
demonstrate appreciable thrombocytopenic ac- 
tivity (Fig. 2 ) .  

- - -~___  

11 Bought from Fenwalt Company, hs~hland, Mass. 
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e) Elution of the thrombocytopenic factor 
from the Ca,(PO,,j, gel. The solid part of 
the Ca3(P04)? gel was washed twice with 
cold distilled water, and finally treated with 
15 ml of sodium citrate solution 0.2 &I per 
250 ml of plasma absorbed. The gel was 
suspended in the citrate by shaking and the 
bottle centrifuged in the cold at  3000 r.p.m. 
for 1 hour. The supernatant fluid (eluate) 
was separated. controlled for sterility, added 
to 50 ml of saline solution and injected intra- 
venously in a normal recipient. This experi- 
ment was repeated 3 times and in every case 
a thrornbocytopenic response practically iden- 
tical to that induced by the original plasma 
was observed (Fig. 2 ) .  

No appre- 
ciable changes in number and “activity” of 
bone marrow megakaryocytes were observed 
in 2 recipients during the period of induced 
thrombocytopenia. Serum collected from the 
recipients at  the peak of the induced throm- 
bocytopenia failed to exhibit agglutinating 
or lytic properties against platelets, when 
tested with published technics (4). Samples 

f ) Miscellaneous observations. 

of capillary (finger) blood and of citrated 
venous blood were collected from several 
recipients at  the peak of the induced throm- 
bocytopenia. Smears of capillary blood were 
prepared with Wright’s stain. Plasma con- 
taining most of the platelets was obtained 
by centrifugati’on of the citrated blood at  500 
r.p.m. for 5 minutes, diluted 1/20 with cold 
buffered saline solution and observed directly 
in the chamber of a hematocytometer. (All 
glassware, syringes and needles were coated 
with Silicone.) In neither case was presence 
of platelet clumps observed. 

Discussion. The etiology of the phenomenon 
here described is open to many speculations. 
The platelet fall was clearly in excess of 
variations of hemodilution or of daily varia- 
tions in the platelet count. Since no throm- 
bocytopenia followed transfusion of the re- 
cipient’s own plasma it is possible that the 
drop in platelet level might have been due 
to mild, sub-clinical transfusion reaction in- 
duced by a constituent present in plasma or 
released from the formed elements of the 
blood. Transfusion reactions either hemolytic 
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(10) or due to plasma reaction(2) are ac- 
companied by thronibocytopenia, a t  times 
severe enough to induce hemorrhagic mani- 
festations(l0). Only 2 of the recipients in- 
cluded in this study, however, showed evi- 
dence of reaction, and the thrombocytopenia 
was. in these cases, not greater than that 
usually observed. As no recipient in this 
series had previously received blood or plasma, 
the possibility that thrombocytopenia might 
be due to sensitization to blood or plasma 
products. although not disproved, is rather 
remote. The thrombocytopenic activity of 
normal plasma could also have been due to 
incompatibility of the platelet products in- 
jected into the recipient. Although suspected, 
the existence of platelet groups has not been 
firmly established thus far. The relative uni- 
formity of the thrombocytopenic effect (this 
failed to occur in only 4 of 36 recipients) 
seems to limit the role of platelet incompati- 
bility in the phenomenon, but this aspect 
deserves further investigation. 

Occasional severe prolonged thrombocyto- 
penia, a t  times with occurrence of spontaneous 
bleeding manifestations, has been reported in 
normal individuals receiving plasma of pa- 
tients with idiopathic thronibocytopenic pur- 
pura( l l ) . This could conceivably be clue to 
an excess of the thrombocytopenic factor 
present in normal plasma. Since platelets are 
destroyed a t  greatly increased rate in idio- 
pathic thrombocytopenic purpura( 1 2 ) ,  one 
may ask whether the thronibocytopenic factor 
is not related to products of platelet disinte- 
gration. Serum, where most products of 
platelet disintegration are probably found, is 
in fact able to produce more sustained and 
pronounced thrombocytopenia (Table 11). 
This aspect is being investigated a t  present, 
together with 'the possibility that the throm- 
bocytopenic factor might be related to agents 
active in the process of blood coagulation, 
some of which exhibit similar physico-chemical 
properties. 

The pathogene tic mechanisms through which 
thrombocytopenia is produced remains un- 
solved. Platelet production by the bone 
marrow megakaryocytes was not inhibited 
during the period of induced thrombocyto- 

penia. The  thrombocytopenic effect was of 
similar magnitude in 2 previously splenecto- 
mized recipients. There was no evidence of 
agglutination of platelets in the circulation 
of the recipient, nor was thrombocytopenia 
prevented by the administration of heparin, 
which decreases the agglutinability of plate- 
lets in viva and in vitro. Platelets obtained 
from recipients a t  the acme of the induced 
thrombocytopenia appeared functionally ac- 
tive and sera, collected a t  the same time, did 
not agglutinate or lyse normal human plate- 
lets. Further investigation is in progress. 

Sunzmary. 1. Temporary, but significant 
thrombocytopenia was noted in 32 out of 36 
individuals receiving compatible blood, plas- 
ma or serum from non-thrombocytopenic 
donors. KO spontaneous bleeding manifesta- 
tions, alterations of the various hemostatic 
mechanisms, changes in number or activity of 
the bone marrow megakaryocytes, alterations 
of function or morphology of the remaining 
platelets, agglutinating or lysing activity of 
the recipient's serum against normal platelets 
were note(l. Heparinization of the recipient 
did not affect the thrombocytopenic effect of 
the transfusion of compatible plasma. 2.  The 
thrombocytopenic effect was apparently due 
to a component of plasma, stable a t  56", no' 
absorbed by Seitz filters nor by ion-exchange 
resins, but absorbed on Ca3(P04)2  gel from 
which it could be eluted with sodium citrate 
solution. Work is in progress to establish 
the nature, the mechanism of action of this 
agent, and its relation to products of platelet 
destruction. 
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Direct Titrimetric Method for Determination of Carbonates in Small 
Amounts of Serum." (19467) 

ALBERT EDWARD SOBEL AND SEYMOUR EICHEN.~ 
From the Departnzents of Chemistry of the Jewish Hospital of Brooklyn, Lenox Hill Hospital, 

and Polytechnic Institute, Brooklyn, N .  Y .  

This paper presents a simple, direct acidi- 
metric titration procedure for the estimation 
of carbonates, employing small volumes of 
serum or plasma. A simple method employing 
small volumes has often posed a critical prob- 
lem in the management of newborns and pre- 
matures. The principle of the new method 
is: 1) HC03- + Ba(OH)2 -+ BaC03 (ppt.) ; 
2) Ash #to remove organic material (not neces- 
sary for pure inorganic solutions) ; 3 )  BaC03 + H3B03 (hot 10% sol. in excess) -+ 
Ba(H2B03)2; 4) Ba(H2B03)2 + 2HC1 -+ 
HaC12 + 2H3BO3; bicarbonate ion is pre- 
cipitated as the barium salt, by the addition 
of barium hydroxide directly to the solution 
to be analyzed ( i e . ,  serum or plasma). The 
barium carbonate is dissolved in a hot solu- 
tion of 10% boric acid in a manner similar 
to that described for dissolving calcium car- 
bonate in the ultramicro estimation of serum 
calcium( 1-3). This solution is diluted and 
titrated directly with standard hydrochloric 
acid to the p H  of pure boric acid solution of 
similar strength. This titration represents 
the amount of carbonate in equivalents. A 
correction is made for the bicarbonate pres- 

*Supported in part by the Kational Institute for 
Dental Research of the National Institutes of Health, 
U. S. Public Health Service. 
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ent in the reagents. The new method has a 
number of desirable features. The procedure 
is simple and accurate in spite of the small 
amounts involved. The direct titration as 
employed has a sharp end point. Only the 
stable standard acid is used (in contrast to the 
hitherto available titrimetric methods where 
serum carbonate is converted to carbon dios- 
ide gas which is distilled into an excess of 
barium hydroxide, and the excess is then back 
tiltrated) (4,s). It is possible to set up simul- 
taneously any number of determinations and 
complete all of them in about 1% to 2 hours, 
the overall working time (with large numbers 
of determinations) being distinctly less than 
in the gasometric procedures of Van Slyke 
(6) .  Moreover, the hazard of handling large 
amounts of mercury is avoided and the clean- 
ing problem is eliminated. The equipment is 
less expensive, and on the scale described in 
this paper, the method is not hinged to an 
ultramicro burette, which was employed, since 
with 0.1 N standard acid instead of 1.0 S 
acid one can use the usual type of two 
milliliter microburette. Conversely, in em- 
ploying more dilute standard acids, such as 
0.1 or 0.01 N, it is possible to modify this 
method from 0.01 m1 to 0.001 ml of sample. 
The drawback of the new method is that it 
requires about 1% hours for a single de- 
termination, which prevents it from being used 
in emergencies. Another drawback is that 
a modicum of experience must be acquired 
in determining the reagent blank, which in this 


