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The precise role of platelets in the coagulation
of blood has long been a matter of debate. Ac-
cording to the classical theory of blood coagulation,
platelets are the most important source of the
thromboplastic substance necessary to convert
prothrombin to thrombin (1). On the other hand
Lenggenhager (2, 3) believes that platelets play
no part in the initiation of coagulation. It is a
well-known fact that patients with thrombocyto-
penia rarely have defective blood coagulation as
measured by the usual laboratory tests. Aggeler
and his associates (4) in a recent study of 404 pa-
tients found no statistically significant correlation
between platelet counts and the clotting times of
whole blood. While in most cases of thrombo-
cytopenia the clotting time of whole blood is nor-
mal, there may be a diminished consumption of
prothrombin during clotting (5). Quick (6) has
-shown that there is a decreased consumption of
prothrombin during the clotting of plasma in which
the platelet concentration has been reduced by
centrifugaticln.

Studies on the function of platelets in coagula-
tion have been hampered by the difficulty of ren-
dering plasma to which no anticoagulant has been
added platelet-free before spontaneous coagulation
occurs. However, the addition of anticoagulants
has not simplified the problem. Quick (7) has
called attention to the acceleration of clotting pro-
duced by decalcification and subsequent recalcifica-
tion, presumably as a result of physico-chemical
alterations in which platelet rupture may play a
major part.

Numerous studies have been undertaken using
decalcified blood. Eagle (8) has shown that the
clotting time of oxalated plasma upon recalcifica-
tion varies inversely with the concentration of
platelets. Cramer and Pringle (9) and Eagle (8)
found that oxalated plasmas after Berkefeld filtra-
tion were incoagulable upon recalcification. How-

ever, in view of our present knowledge it seems
quite likely that the prothrombin was removed in
the process of filtration.

Brinkhous (10) studied the recalcified plasma
clotting time of citrated human plasma collected in
silicone-treated apparatus. After 22½2 hours of
centrifugation at 14,000 RPM (about 14,000 g),
this plasma was incoagulable upon recalcification.
Centrifugation for 165 minutes failed to produce
incoagulable plasma. This difference in clotting
behavior was presumed to be due to the complete
removal of platelets after the prolonged centrifuga-
tion. The author concluded that the clotting of
normal plasma depends on the presence of formed
elements. No platelet counts were recorded. In
our experience platelets can be completely removed
at 14,000 g in much less time than 165 minutes. In
Brinkhous' experiment the failure of the plasma
to clot might well be explained by changes not re-
lated to platelets.

A number of attempts have been made to prepare
platelet-free plasma without anticoagulants. Bor-
det and Gengou (11, 12) collected blood in par-
affin-coated vessels and removed the formed ele-
ments by centrifugation. The supernatant plasma
was found to clot promptly when placed in glass
tubes, but the clotting time in paraffined tubes was
greatly prolonged. These authors believed that
initiation of coagulation was brought about by a
physico-chemical change induced in platelet-free
plasma by contact with glass surfaces. Whether
or not their plasmas were actually platelet-free
cannot be determined.

Fuchs (13, 14) on the other hand reported the
preparation of a "Stable Plasma" without the use
of anticoagulants by means of special venipuncture
technique, paraffin-lined apparatus, low tempera-
tures and rapidly attained high-speed centrifuga-
tion. Although the characteristics of this "Stable
Plasma" were not clearly described, Fuchs stated
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that it was spontaneously incoagulable in glass and
paraffined tubes. Feissly (15) and Smith, Warner
and Brinkhous (16) have been unable to confirm
Fuchs' observations using similar techniques.

Jaques and his co-workers (17) have intro-
duced into blood coagulation studies a method for
coating laboratory apparatus with a non-wettable
surface of silicone.' With this apparatus it is pos-
sible to obtain a fluid plasma free of platelets with-
out the use of anticoagulants. Jaques and his as-
sociates presented experimental data to show that
as the number of platelets is reduced by centrifuga-
tion the spontaneous clotting time of this native
(undecalcified) plasma becomes longer. How-
ever, their lowest reported platelet counts were in
the neighborhood of 2500 per cmm., a level not
approaching platelet-free. These authors believe
that in silicone-coated containers the initiation of
coagulation is independent of platelet action.

Quick (6) using silicone-treated apparatus
found a decreased consumption of prothrombin
during the process of clotting when native plasmas
were subjected to "high-speed" centrifugation
(3500 RPMfor seven minutes) as compared to
"low-speed" centrifugation. This finding was at-
tributed to the removal of all but a few of the plate-
lets. However, no platelet counts were recorded.
Quick did not obtain spontaneously incoagulable
plasmas, but he believed it highly probable that
with removal of all the platelets before any dis-
integration occurs, a spontaneously incoagulable
plasma could be obtained.

Patton, Ware and Seegers (18) studied the
clotting behavior of normal dog plasma by means
of silicone-treated apparatus and high-speed cen-
trifugation. They were unable regularly to obtain
spontaneously incoagulable plasma, and found that
platelet-free plasma clotted as promptly in silicone-
treated as in glass tubes. For this reason they
concluded that there was no evidence for the view
that plasma contains a soluble factor which can ini-
tiate clotting independent of platelet action. In
view of the high-speed centrifugation employed
(22,000-23,000 RPM) it seems possible that the
plasma thromboplastic protein described by Char-
gaff and West (19) could have been removed in
these experiments.

The purpose of our studies was to determine the
clotting behavior of human platelet-free plasma

1 General Electric Dri-Film 9987.

prepared by the use of silicone-treated apparatus
and high-speed centrifugation.

METHODS

Preparation of "platelet-free" plasma: Needles, syr-
inges, test-tubes and pipets were treated with silicone
after the method described by Jaques (17). When draw-
ing blood, in order to avoid contamination with tissue
juice, we employed a multiple syringe technique, discard-
ing the contents of the first syringe. Thirty to 40 ml.
of blood from the second syringe were carefully placed
in iced silicone-treated tubes and centrifuged at 7000 RPM
(about 6000 g) at 4° C for five minutes to remove the
cells and most of the platelets. The upper portion of the
plasma was removed with a silicone-treated pipet and
re-centrifuged at 12,000 to 14,000 RPM(17,500-22,000 g)
for 10 minutes. Occasionally another centrifugation at
this speed was performed. Thereafter the upper portion
of this plasma was removed and stored in silicone-treated
tubes in an ice bath. Normal plasma obtained in this
manner remains fluid for at least several days at 40 C.

Clotting times: All clotting times were performed by
a modified Lee-White three tube method at 370 C using
scrupulously clean glass or silicone-treated tubes. With
this technique normal individuals occasionally have a
whole blood clotting time in glass tubes as long as 30
minutes, and the clotting time in silicone tubes may be
much longer. For the sake of brevity only the clotting
time in the third and most significant tube is recorded,
although it is ordinarily wise to consider the results in
all three tubes. Clotting tubes were observed for a mini-
mumperiod of 24 hours.

Prothrombin times: Prothrombin times were deter-
mined by the one-stage method of Quick using a highly
standardized rabbit-brain thromboplastin prepared accord-
ing to the technique of Brambel (20). Since the native
"platelet-free" plasma had not been decalcified, in the
prothrombin estimations on this plasma 0.1 ml. of physio-
logical saline was used in place of 0.1 ml. of M/40 cal-
cium chloride.

Anticoagulant assays: Tests for the presence of circu-
lating anticoagulants were performed by adding freshly
drawn normal blood to the subject's "platelet-free"
plasma, and noting the effect on the clotting time of the
former. Details on the use of this method and its sensi-
tivity to heparin have been reported (21).

Platelet counts: Platelet counts on whole blood were
performed by a routine method employing Rees-Ecker
diluent. Normal values in our laboratory are in excess
of 200,000 per cmm. Platelet counts on "platelet-free"
plasma were performed by introducing the undiluted
plasma into a Spencer "Bright-Line" counting chamber.
The use of silicone-treated cover-slips delayed clotting
30 minutes or more, enabling one to complete accurate
counts. By using the fine adjustment of the microscope
the entire area between the cover-slip and chamber was
visualized so that platelets which had not settled to the
counting chamber surface could be counted. All refrac-
tile bodies resembling platelets in any manner whatsoever
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were counted, so that reported values are maximal and
correct values are probably somewhat lower.

Preparation of plasmas with varying platelet concen-
trations: In order to study further the role of platelets
in clotting, different specimens of the same native plasma
were rendered "platelet-free" by high-speed centrifugation
and platelet-rich by very low speed centrifugation. Plate-
let counts were performed, and the two plasmas then
mixed in varying proportions.

RESULTS

Eighty-six human subjects were studied. Of
these, 41 were normal individuals and the re-
mainder were patients with various diseases.

NORMALS

Studies of the clotting behavior of normal
"platelet-free" plasma correlated with the whole

TABLE I

The clotting behavior of normal "platelet-free" and "platelet-poor" plasmas correlated with the
whole blood clotting times and prothrombin times of oxalated plasmas

Native "platelet-free" plasma
Whole blood Prothrombin

Subject clotting times times of
in glass tubes oxalated plasma Platelets Glass tube Silicone tube Prothrombin

plasmaIPintI~ clotting times clotting times times

min.
13
15
77
31
29
74
14
12
35
42
53
27

9
17
34
24
20

24
19
24
31
36
48
41
14
35
15

8
140
26
47
14
26
62
39
60
42
17
54
47
70
27
33

min.

23
45
34
60
34
75

126
183

75
16
46
15
10

>210
28

>70
30*
47*

320*
No clots 72 hrs.*

>130*
140*

No clots 48 hrs.*
No clots 72 hrs.*

165*
No clots 24 hrs.*

63*
Partial clot 24 hrs.*

sec.

15
16
14
13
14
15
11
13
16
18

20
23
19
19
17

17
19
19
18
20

18
23
20
19
21
19
23
18

1
2
3

4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

21

22

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

min.
11
10
16

14
21
15
17
24
29
23
27
10
14
15
18
23
17
24
17
14

12

24

11
14
15
19
32
19
17
19
16
22
22
21
17
15
17
19
18
16
22

sec.

17

17
15
15
16
16
17
18
16

17
15

18
21

22

18
19
18

19
19
22

19
21
21

21
21
20
18
18
16
16

per cmm.
60
60
20
20
20
20

> 1000
20
96
55

500
230

None
None

40
200

12
8
3

> 1000
None

9
4

None
None
None
None

3
50
21
11
8
6

16
2

11
10
13

1
1
3
5
1

'3
4

Note: All determinations on each subject were made on a specimen obtained from the same venipuncture. All pro-
cedures were carried out at 370 C.

* In these experiments the improved technique of re-coating the silicone-treated tubes before each use was em-
ployed.

I I II I
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blood clotting time in glass tubes and the pro-
thrombin time of oxalated plasma are shown in
Table I.

We abandoned the routine use of silicone-
treated tubes for determination of the whole blood
clotting time, since the results were too variable,
poor clots were formed, and it was difficult to rec-
ognize end-points. The clotting time of whole
blood in silicone-treated tubes seems to be more a
measure of imperfection in technique than of the
inherent properties of the blood. Theoretically
blood should not clot in silicone-treated tubes if
technique were perfect.

It was not always possible to obtain a plasma
entirely free of refractile bodies even when re-
peated high-speed centrifugations were used. It
seemed unlikely that all of these refractile bodies
were platelets, although they must be presumed to
be and were recorded as such. In some instances
platelets appeared to be completely absent. To
emphasize the extremely small number of platelets
remaining after centrifugation we have called these
plasmas "platelet-free" in contrast to the "de-
plateletized" plasmas of Tocantins (22) which
contained as many as 20,000 platelets per cmm.
Furthermore, we found no difference in behavior
of plasmas containing 0 to 100 platelets per cmm.

Normal "platelet-free" plasmas invariably- clot-
ted in glass tubes at 370 C in a relatively short
time. There was considerable variation in the
time required for this clotting. In most instances,
however, the clotting time of normal "platelet-
free" plasma in glass tubes was longer than that
of the whole blood from which it was derived.
Even with careful technique it was rarely possible
to demonstrate a perfect correlation between plate-
let counts and clotting times (Table II). With

TABLE II

The relationship of the spontaneous clotting times of native
(undecacifed) plasma to the number of patelets present

Pateletsc 6 28,000 56,000 140,000 280,000 420,000 560,000

Clotting time
in glass
tubes at 48 33 24 19 15 9 11

370 C.
(in minutes)

Note: Normal native "platelet-free" and "platelet-rich"
plasmas were obtained from pooled sources by high- and
low-speed centrifugations respectively. Platelet counts
were performed, and the plasmas mixed in varying pro-
portions.

platelet counts under 1000 per cmm. there appeared
to be no correlation between platelets and clotting
time. Completely platelet-free plasmas did not
have clotting times longer than plasmas containing
a few platelets.

Clotting of normal platelet-free plasma in glass
tubes could be prevented by the addition of sodium
oxalate. This indicates that thrombin did not
exist in the platelet-free plasma prior to its intro-
duction into glass tubes. As a matter of fact, no
thrombin was demonstrable until immediately
prior to the onset of visible clotting.

In our early experiments we did not recoat the
silicone-treated clotting tubes before each use.
Under these conditions the clotting times of
"platelet-free" plasmas in silicone-treated tubes
were not always significantly longer than the
clotting times in glass tubes. When freshly pre-
pared silicone-treated tubes were used, a signifi-
cant difference was constantly observed. In fact,
in four cases (cases Nos. 33, 36, 37, 39) the plas-
mas formed no clots in silicone-treated tubes at
370 C. In two of these there was a very slight pre-
cipitation of some amorphous material but no true
clot formation. In the other two cases, although
the plasmas became slightly cloudy after several
hours, there was not the slightest evidence of pre-
cipitation or fibrin formation. It seems possible
that with constantly perfect technique one could
regularly obtain platelet-free plasmas spontane-
ously incoagulable in silicone-treated tubes at
370 C.

When thromboplastin was added to these
"platelet-free" plasmas, prompt clotting occurred
in glass or silicone-treated tubes. The prothrom-
bin times of these plasmas were almost the same as
the prothrombin times of oxalated plasmas ob-
tained from the same venipuncture. Native
"platelet-free" plasmas maintained their prothrom-
bin activity as measured by the one-stage method
when they were stored in a frozen state, whereas
the prothrombin times of frozen oxalated plasmas
became a few seconds longer. Freezing and thaw-
ing of "platelet-free" plasma in silicone-treated
tubes resulted in shortened clotting times.

The mechanism of clotting of "platelet-free"
plasma was observed in Spencer "Bright-Line"
counting chambers. Clotting occurred first on the
cover-slip and not until later on the silvered count-
ing chamber surface. Clotting definitely did not
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begin around platelets when they were present. As
clotting occurred small refractile structures ap-

peared at the crossings of the fibers. Although no

platelets may have been present before clotting
occurred, thousands of these refractile structures
could be seen at the fiber crossings once clotting
began. If a few platelets were present, these
were seen to settle to the chamber surface and dis-
appear only after clotting was well under way.

By altering the platelet concentrations of plas-
mas we were able to demonstrate that the degree
and speed of clot retraction varied directly with
the number of platelets present. This correlation
was poor and irregular in glass tubes but excellent
in silicone-treated tubes. Clot retraction occurred
promptly with platelet-counts as low as 20,000 per

cmm. in silicone-treated but not in glass tubes.
The clots of platelet-free plasmas did not retract
either in glass or in silicone-treated tubes.

The dynamics of the coagulation of platelet-free
plasma in glass tubes was studied by determining
the time of thrombin appearance, fibrinogen utiliza-
tion, and prothrombin consumption. Results of
a representative experiment are shown in Table
III. In general there was minimal prothrombin

consumption even over a period of several hours.
In order to investigate a possible quantitative

relationship between platelet concentration and the
amount of prothrombin converted in the process of
clotting, prothrombin times of the -residual serum

after clotting were determined using plasmas con-

taining varying numbers of platelets. The results
in Table IV show a striking correlation even at the
higher platelet levels when glass tubes were used.
In silicone-treated tubes prothrodmbin consumption
was minimal regardless of the number of platelets
present.

High-speed centrifugation did not prolong the
prothrombin time of native plasma when rabbit
brain extract was used as a source of thrombo-
plastin. However, prothrombin times with Rus-
sell's viper venom 2 were greatly prolonged by
high-speed centrifugation. Similar observations
on oxalated plasmas were reported by Macfarlane
(23).

Plasmas from fasting individuals gave the best
results in our experiments. In grossly fatty plas-

2 Stypven, Wellcome Physiological Research Labora-
tories, Beckenham, England.

TABLE III

The dynamics of the coagulation of normal platelet-free plasma: tests for the rate of thrombin formation,
fibrinogen utilization, and prothrombin consumption

Time afterAsafoPrhomiplasma Assay for thrombin Assay for fairinogenAsafo rtomi
transferred Gross appearance Clotting time of the mixture: Clotting time of the mixture: Clotting time of the mixture:

to glass of plasma 0.2 ml. oxalated plasma* 0.2 ml. thrombint solution 0.1 ml. thromboplastin
tube at 0.2 ml. platelet-free plasma 0.2 ml. platelet-free plasma 0.1 ml. prothrombln-free plasma
370 C. 0.1 ml. platelet-free plasma

min. sec. sec. sec.
0 Fluid No clots 7 16
1 Fluid No clots
5 Fluid No clots

10 Fluid No clots
13 Small fiber No clots
15 Definite fibrin forma- 420 10

tion
17 Solid clot 240 7
20 (Clot compressed to re- 75 11

move "plasma")
23 Re-appearance of solid 60 15

clot
24 - 16
28 74 No clots
31 85 No clots
35 - 120 No clots 17
45 No clots No clots
55 No clots No clots 15
75 No clots 15

135 - 16

* Eight parts prothrombin-free plasma (barium sulfate adsorption) and 2 parts M/10 sodium oxalate.
t Thrombin, Upjohn Company, Kalamazoo, Michigan.
t Three parts prothrombin-free plasma (barium sulfate adsorption) and one part of M/40 calcium chloride.
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TABLE IV

The relationship of prothrombin consumption in the clotting
of native plasma in glass tubes to the number of platelets

present, as measured by the determination of pro-
thrombin times on serum expressed from the

clots four hours after clotting

Platelets (per cmm.) 6 175,000 262,500 350,000

Clotting times in glass tubes 14 10 7 10
at 370 C. (min.)

Prothrombin time of ex- 20 63 80 141
pressed serum 4 hours
after clotting (sec.)

The plasmas with various platelet concentrations were
prepared by mixing platelet-free and platelet-rich plasmas
from the same source.

The prothrombin times were determined by adding 0.1
cc. of the expressed serum to a mixture of O.1cc. thrombo-
plastin and 0.1 cc. prothrombin-free plasma at 37° C. and
measuring the time required for clotting.

mas coagulation often occurred in the lipoid layer
at the top of the tube after centrifugation.

Hemophilia
Seven patients with hemophilia were studied.

Results are shown in Table V. In every instance
the "platelet-free" plasma was spontaneously in-
coagulable in glass and silicone-treated tubes at
370 C regardless of the length of the whole blood

clotting time. No trace of fibrin was noted in any

of the tubes even after a period of days or weeks.
Yet the addition of rabbit brain thromboplastin
produced prompt clotting, with prothrombin times
comparable to those of oxalated plasmas. When
hemophilic blood was centrifuged in lusteroid tubes
untreated with silicone, the resultant platelet-free
plasma clotted. The silicone surface therefore ap-

peared to be necessary for the preparation of
spontaneously incoagulable hemophilic platelet-free
plasma. When whole blood clotting times on

hemophilic blood were performed in silicone-
treated tubes, the clotting times were tremendously
prolonged and in some instances no clotting oc-

curred regardless of the clotting time in glass
tubes.

One untreated hemophilic patient (Case No. 42)
had a normal whole blood clotting time ranging
from 12 to 25 minutes during an active bleeding
episode. A platelet-rich plasma obtained by low-
speed centrifugation had approximately the same

clotting time. However, the "platelet-free" plasma
was spontaneously incoagulable in glass and sili-
cone tubes. Thus it appears that platelets are nec-

essary for the clotting of hemophilia plasma, al-
though our present results are compatible with the

TABLE V

The clotting behavior of hemophilia "platelet-free" plasma

Native "platelet-free" plasma
Whole blood Prothrombin

Patient clotting times in times of
glass tubes oxalated plasma Pl Glass tube Silicone tube Prothrombin

Platelets clotting times clotting times times

min. sec. per cmm. min. min. sec.

42 25 None No clots 14
16 > 1000 No clots -

43* 225 15 60 No clots -
390 21 20 No clots -
300 21 20 No clots 15

44 325 19 60 No clots _ 19

45 600 21 1700 No clots - 20
None No clots 20

46 33 19 290 No clots 17
46 22 30 No clots -
74 - 18 No clots

47 240 - None No clots No clots
None No clots No clots 18

48 212 21 None No clots No clots 22
180 23 70 No clots No clots 24

* This patient had a positive test for the presence of circulating anticoagulant.
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view that they are not necessary for the initiation
of coagulation of normal plasma.

The hemophilic "platelet-free" plasmas were

tested for antithromboplastic properties by deter-
mining prothrombin times with progressively di-
luted thromboplastin solutions. For this we used
silicone-treated tubes and native "platelet-free"
plasma. The results shown in Table VI reveal no

definite evidence for the presence of antithrombo-
plastic activity in hemophilic plasma. In one ex-

periment the native plasmas were first oxalated,
then incubated several minutes with thrombo-
plastin solutions and finally recalcified. Results
were the same in this experiment. Variations in
the clotting times obtained with highly diluted
thromboplastin solutions must be interpreted with
great caution since under such circumstances it is
technically difficult to reduplicate results.

Heparinized blood
"Platelet-free" plasmas were obtained from

normal individuals after the intravenous injection
of small quantities of heparin. In other experi-
ments heparin in small amounts was added in
vitro to normal "platelet-free" plasma. Results
shown in Table VII demonstrate that even after
minute doses of heparin, so small that the whole
blood clotting times were not affected, the "plate-
let-free" plasmas would not clot in glass or silicone-

treated tubes at 370 C. The in vitro addition of
minute amounts of heparin likewise resulted in
the production of incoagulable plasma. The au-
thors (24) have previously shown that there is an

inverse relationship between the action of heparin
and platelet concentration. With low concentra-
tions of heparin, prothrombin determinations on

the "platelet-free" plasmas gave normal results.

Dicumarolized patients

Five patients with hypoprothrombinemia due to
dicumarol were studied. Results are shown in
Table VIII. While the findings are somewhat
variable, the "platelet-free" plasmas of these pa-
tients were often spontaneously incoagulable in
glass or silicone-treated tubes at 370 C. On two
occasions these plasmas gave suggestively pos-
itive tests for the presence of circulating anticoagu-
lant. The addition of solutions of thrombin to
oxalated plasmas of dicumarolized patients re-
sulted in longer clotting times than the addition of
the same thrombin solution to normal plasmas.
Further studies are in progress regarding this
finding.

Thrombocytopenia

Studies were performed on 12 patients with
hemorrhagic diathesis associated with thrombo-

TABLE VI

Tests for the presence of antithromboplastic activity in native "platelet-free" hemophilia plasma
Prothrombin times were determined using serial dilutions of thromboplastin.

Prothrombin times (in seconds) using serial dilutions of thromboplastin

Undi- i10 1: 50 1:100 1:200 1:400 1:600 1:800 1:1600 1:3200 Salineluted

Patient No. 43* 15 21 65 170 307 416 -
Control 15 19 56 108 240 320 _

Patient No. 48 16 24 49 65 109 - 260 345 >24 hrs.
Control 16 21 40 57 135 151 205 660

Patient No. 46 19 22 35 50 62 83 93 133
Control 17 21 32 44 59 77 91 112 -

Patient No. 46 17 20 29 36 51 75
Control 15 19 30 37 50 -

Patient No. 46t 22 22 32 42 64 73 96 116 165 290
Control 20 22 33 44 60 64 78 94 161 325

* This patient had a positive test for circulating anticoagulant.
t In this experiment the native "platelet-free" plasma was first oxalated by the addition of 10%by volume of M/10

sodium oxalate. 0.1 ml. of this plasma was added to 0.1 ml. of thromboplastin. After several minutes of incubation at370 C., this mixture was recalcified by the addition of 0.1 ml. of M/40 calcium chloride solution.
Note: All tests performed at 370 C.
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TABLE VII

The clotting behavior of "platelet-free" plasmas obtained from normal subjects after the
intravenous injection of varying amounts of heparin as indicated

Prothrombin
Native "platelet-free" plasma

Whole blood PrtimeofbSubject clotting times time ofeoinglass tubes aplasta Platelets Glass tube Silicone tube Prothrombininglasstbesplasma Platelets clotting times clotting times times

min. sec. per cmm. min. min. sec.

49 41 minutes after intra- 102 230 No clots - 19
venous injection of 50
mgms. of heparin

50 40 minutes after intra- 105 16 None No clots 15
venous injection of 15
mgms. of heparin

51 30 minutes after intra- 27 21 36 No clots No clots 18
venous injection of 10
mgms. of heparin

52 16 minutes after intra- 31 18 3 No clots No clots 19
venous injection of 10
mgms. of heparin

53 12 minutes after intra- 19 17 3 No clots No clots 24
venous injection of 7.5
mgms. of heparin

54 18 minutes after intra- 30 19 7 No clots No clots 18
venous injection of 5
mgms. of heparin

55 12 minutes after intra- 17 21 2 No clots No clots 19
venous injection of 5
mgms. of heparin

56 16 minutes after intra- 20 18 24 No clots No clots 16
venous injection of 3
mgms. of heparin

57 16 minutes after intra- 17 22 16 No clots No clots 19
venous injection of 3
mgms. of heparin

58 In vitro dilutions of
"platelet-free" plasma to:
0.01 mgms. heparin/cc. - 5 No clots No clots 18
0.001 mgm. heparin/cc. - - 5 No clots No clots
0.0005 mgm. heparin/cc. - 5 No clots No clots

Note: In the case of Subject No. 58 the "platelet-free" plasma was obtained first, and then varying amounts of
heparin added in vitro to the final concentrations indicated. I

cytopenia (Table IX). Three of these patients
had marked prolongation of their whole blood
clotting times and in each of these instances the
"platelet-free" plasmas were spontaneously in-
coagulable in glass and silicone-treated tubes.
Eight patients with essentially normal whole blood
clotting times had "platelet-free" plasmas which
clotted in glass tubes in a perfectly normal fashion.
In all of our cases of thrombocytopenia a sensitive
test for circulating anticoagulant was negative.
In order to eliminate the possibility that failure of

the three "platelet-free" plasmas to clot in glass
tubes could be attributed to the presence of anti-
coagulant in quantities too small to be detected by
our routine anticoagulant assay, a further study
was carried out in one case. Spontaneously in-
coagulable "platelet-free" plasma from patient No.
73 was added to normal "platelet-free" plasma in
glass tubes. Five tenths ml. of the patient's plasma
failed to prevent coagulation of 1.0 ml. of normal
"platelet-free" plasma, conclusively demonstrating
the absence of anticoagulant.
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TABLE VIII

The clotting behavior of "platelet-free" plasma from patients
with hypoprothrombinemia due to dicumarol

Whole Pro- "Platelet-free plasma"
blood throm-

Patient clotting bintime in time of Glass Silicone Pro-
glass oxalated Plate- tube tube throm-
tubes plasma lets clotting clotting bin

time time time

(per
(mins.) (sec.) cmm.) (min.) (min.) (sec.)

59 32 40 5 40 45 44
1 44 No clots 45

60 20 107 10 <800 <800 128
61 41 52 2 No clots No clots 51

1 No clots No clots 52
26 53 11 No clots No clots 44

2 No clots No clots 43
18 34 60 35 No clots 42

62 55 27 None No clots No clots 24
15 23 4 No clots No clots 23

63 55 117 8 No clots No clots 109

All of the determinations were made at 370 C.

Miscellaneous patients

Table IX shows the results of studies on a group
of patients with hemorrhagic diathesis associated
with a variety of conditions. Detailed studies on
the two patients with "undiagnosed disease due
to circulating anticoagulant" have already been
reported (25).

The patients with liver disease were of great
interest. The two (Cases Nos. 81, 82) whose
"platelet-free" plasma did not clot had positive
tests for circulating anticoagulant as well as a
severe hypoprothrombinemia. Furthermore, the
clotting times of their plasmas after the addition
of a thrombin solution were tremendously pro-
longed as compared to the clotting times of normal
plasmas, although the fibrinogen concentrations
were adequate. We therefore believe that these
patients had circulating antithrombic anticoagu-
lants. The rate of fibrinolysis of the sterile re-
calcified plasma clot was determined in these two
cases by Dr. Oscar Ratnoff. The clot lysis time
of patient No. 81 was normal, but that of patient
No. 82 was shortened. There was no evidence
that the coagulation defect was caused by in-
creased proteolytic activity of the serum. Many
patients with more markedly increased proteolytic
activity of the serum showed no abnormality of
blood coagulation.

In view of the reported occurrence of circulating
heparin-like anticoagulant after treatment of Hodg-

kin's disease with nitrogen mustard 3 (26), three
such patients were studied. None of these pa-
tients developed hemorrhagic diathesis and tests
for circulating anticoagulant were negative. Their
"platelet-free" plasmas were similar to those of
normal individuals (Table X).

DISCUSSION

The use of silicone-treated apparatus has made
possible the satisfactory preparation of a "platelet-
free" plasma without the use of anticoagulants.
Employing this technique we have been able to
study the clotting behavior of human plasma. The
most significant finding has been that normal
"platelet-free" plasma clots in a relatively short
time in glass tubes at 370 C, but its clotting time
in silicone-treated tubes is markedly prolonged and
sometimes there is no clotting at all. This observa-
tion suggests that contact with glass activates some
plasma constituent which can initiate clotting.
This factor is apparently activated slowly or not
at all by contact with silicone-treated surfaces.
Webelieve that with constantly perfect technique,
platelet-free plasma would regularly be spontane-
ously incoagulable in silicone-treated tubes.

Wehave no information concerning the origin
and nature of this plasma factor. It is quite pos-
sible that during the manipulations involved in
our experiments a few platelets may have been
broken up. However, if active thromboplastic
substance were liberated in this manner, it seems
reasonable to assume that the clotting time of
platelet-free plasma would be the same in silicone-
treated tubes as in glass tubes. There is no evi-
dence that a silicone surface itself interferes with
the clotting process, for on addition of highly di-
luted thromboplastin to platelet-free plasma, clot-
ting occurs as promptly in silicone-treated tubes
as in glass tubes. We are therefore unable to
escape the conclusion that an inactive thrombo-
plastin precursor in plasma is activated on con-
tact with glass surfaces.

The existence of a plasma thromboplastin inde-
pendent of platelets has been postulated by some
workers (2, 3). Howell (27) believed that a con-
tinuous destruction of platelets in vivo led to the

8 Methyl-bis- (P-chloroethyl) a mi n e hydrochloride,
Merck & Co., Inc.
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TABLE IX

The clotting behavior of "platelet-free" plasma from patients suffering from
hemorrhagic diathesis due to a variety of conditions

Native "platelet-free" plasma
Whole Whole blood Prothrombin

Sub- blood clotting time of
ject platelets times in oxalated Glass tube Silicone tube Prothrombin

(per cmm.) glass tubes plasma Platelets clotting clotting times(mm.) (sec.) (Per cmm.) times times (sec.)(mini.) (min.) (e.

I. Hemorrhagic diathesis with thrombocytopenia

Acute leukemia 64 18,000 36 hrs. - None No clots No clots 20
65 44,000 19 22 9 27 32 20

22,000 9 25 None 11 22 23
66 12,000 88 22 None No clots No clots 21
67 26,000 7 23 3 18 160 26
68 22,000 27 23 2 180 14 hrs. 24

Idiopathic thrombocytopenic 69 30,000 15 21 1 27 63 21
purpura 70 40,000 8 18 6 15 23 17

71 20,000 13 21 2 24 50 23
72 32,000 31 20 4 24 37 21

Refractory anemia with 73 36,000 93 24 13 No clots No clots 23
thrombocytopenia 74 90,000 25 21 11 90 No clots 18

1 90 18 hrs. 18

Marchiafava-Micheli 75 68,000 29 - 3 No clots No clots 18
syndrome

II. Hemorrhagic diathesis without thrombocytopenia

Non-thrombocytopenic 76 200,000 14 18 5 11 11 18
purpura

Atypical hemorrhagic diathesis 77 226,000 21 21 13 60 No clots 22

Multiple myeloma 78 - 43 26 None 26 24

Undiagnosed disease with cir- 79t 120 30 None No clots No clots 24
culating anticoagulant 80t - 68 20 - No clots No clots 15

III. Hypoprothrombinemia due to fatal liver disease

81t 109 54 (10%)$ 10 No clots No clots 54
82t - 24 hrs. 87 (5%)* 1000 No clots No clots -
83 - 22 187 (<5%)* 45 55 78 155

7 60 130 -

* Estimated percentage of normal prothrombin.
t These patients had positive assays for circulating anticoagulant.
Note: Patient No. 83 was not suffering from hemorrhagic diathesis, but is included for comparison with patients

Nos. 81 and 82.

formation of a plasma thromboplastin, as was pre-

viously suggested by Morawitz (1). Lozner and
Taylor (28) maintain that the effect of foreign
surfaces such as glass is not due to lysis of plate-
lets but rather to activation of a plasma thrombo-
plastin. Owren (29) has presented data to refute
Lenggenhager's (2, 3) conclusions concerning the
existence of a plasma thromboplastic factor and
considers that no substantial evidence has been

presented. On the other hand, Chargaff and
West (19) by ultracentrifugation of platelet-free
plasma have obtained a sediment with potent
thromboplastic properties. Quick (6) and Brink-
hous (10) using techniques similar to those which
we have employed have concluded that normal
plasma contains a soluble factor whose interaction
with platelets is necessary for normal blood coagu-
lation. However, these authors do not believe

349



C. LOCKARDCONLEY, ROBERTC. HARTMANN,AND WILLIAM I. MORSE, II

TABLE X

The clotting behavior of "platelet-free" plasma from patients with Hodgkin's disease treated with nitrogen mustards

Prothrombin Native "platelet-free" plasma Time of determi-
Whole blood time of || nation in relation

Subject clotting times oxltdto treatment
in glass tubes lat Platet Glass tube Silicone tube Prothrombin with nitrogen

plasma Platelets clotting times clotting times times mustards*

min. sec. per cmm. min. min. sec.
84 22 20 _ Before

11 20 3 16 19t 19 One day after
18 18 15 18 62 17 11 days after
19 19 3 19 36 22 4 weeks after

85 16 24 4 52 No clots 30 Before
27 22 5 37 No clots 21 One week after
26 25 1 Partial clot in Partial clot in 22 2 weeks after

24 hrs. 24 hrs.

86 14 31 6 25 60 30 During
20 25 2 54 No clots 26 One week after
31 26 None 180 No clots 25 2 weeks after

* Methyl-bis (,3-chloroethyl) amine hydrochloride, Merck & Co., 0.1 mgm. per kilogram body weight on four successive
days.

t Except for this experiment the improved technique of re-coating the silicone-treated tubes before each use was
employed.

Note: All determinations were performed at 370 C.

that the plasma factor can initiate clotting in the
absence of platelets.

Recent discovery of several patients with a curi-
ous type of circulating anticoagulant (25, 30) lends
strong support to the theory of the existence of a
plasma thromboplastin precursor. Although the
plasmas of these patients contained a potent clot-
ting inhibitor, they reacted in a perfectly normal
way to highly diluted thromboplastin. It is ap-
parent, therefore, that the action of the circulating
anticoagulant in these cases preceded and in some
way prevented the liberation of active thrombo-
plastin. These observations can be explained only
by assuming that the clotting inhibitor delays con-
version of a thromboplastin precursor to an active
thromboplastin.

While our studies show that platelets do not ap-
pear to be necessary for the initiation of clotting,
it is clear that they increase the rate of clotting and
the amount of prothrombin consumed in the proc-
ess. There is a close correlation between the num-
ber of platelets present and the amount of pro-
thrombin converted during clotting in glass tubes.
Other observers (5, 6) have previously noted that
in thrombocytopenic blood little prothrombin is
consumed during clotting. The prothrombin con-
sumed in the coagulation of platelet-free plasma is
minimal.

Hemophilic platelet-free plasmas were invari-

ably spontaneously incoagulable in glass tubes at
370 C although they clotted promptly on the ad-
dition of thromboplastin. This suggests that the
defect in hemophilia is a deficiency of the plasma
thromboplastic factor. It is apparent that hemo-
philia is not caused by any defect in platelets, but
rather that the presence of platelets is what makes
hemophilic blood clot at all. Even when an un-
treated hemophilic patient (e.g. Case No. 42) has
a normal whole blood clotting time, the hemor-
rhagic diathesis may persist. This indicates that
the plasma thromboplastin is necessary for normal
hemostasis regardless of the clotting time of the
blood in vitro. Presumably the "antihemophilic
globulin" (31) is identical with the plasma throm-
boplastin precursor.

Whether or not the plasma thromboplastic fac-
tor is totally absent from hemophilic blood has
not been established. Lenggenhager (32) be-
lieved that it was present in hemophilia but ab-
normally resistant to activation. Craddock and
Lawrence (33) have presented data to indicate
that "antihemophilic globulin" may be antigenic
in hemophilic subjects. If their observations are
correct, it must be presumed that hemophiliacs are
entirely devoid of this plasma component.

Quick (34) observed that high-speed centrifu-
gation of oxalated hemophilic plasma caused marked
prolongation of the recalcified clotting time.
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Quick originally believed that platelets were ab-
normally resistant in hemophilia, and that they
could therefore be removed by centrifugation be-
fore thromboplastin was liberated. Rather, it
seems to us that the results of Quick's experiment
again demonstrate that platelets are critically nec-
essary for the clotting of hemophilic plasma.

Hemophilic blood, presumably lacking in
plasma thromboplastic factor, will clot if platelets
are present, although clotting is delayed and incom-
plete. Likewise, normal plasma will clot in the
absence of platelets, but in this instance also co-
agulation is incomplete. It appears that both the
platelet and plasma factors are necessary for nor-
mal coagulation, although either one alone will
suffice to initiate coagulation. The nature of the
interaction between platelets and the plasma factor
remains to be elucidated.

No evidence was obtained to support the theory
that the primary defect in hemophilia is an in-
creased antithromboplastic activity of the plasma.
Wewere unable to demonstrate any antithrombo-
plastic activity of the plasma of our hemophiliac
patients even when a potent clotting inhibitor was
present (Case No. 43).

Normal platelet-free plasma containing an ex-
ceedingly low concentration of heparin is spontane-
ously incoagulable at 37° C even though the pro-
thrombin time upon the addition of thromboplastin
is normal. The inverse relationship between
heparin activity and platelet concentration has al-
ready been reported (24). Studies on the pre-
cise mode of action of heparin in platelet-free
plasma will be published later.

Experiments on the plasmas of patients with hy-
poprothrombinemia due to dicumarol gave variable
results. In most cases the "platelet-free" plasmas
were spontaneously incoagulable in glass tubes.
Weare unable to account for this on the basis of
hypoprothrombinemia alone. Two patients tem-
porarily showed suggestive evidence of circulating
anticoagulant. The oxalated plasmas of dicumar-
olized patients clotted more slowly on the addition
of thrombin solution than did normal plasmas.
Further studies will be necessary to explain
these results.

The "platelet-free" plasmas of most of the pa-
tients with thrombocytopenia behaved in a normal
manner. However, in each of three cases with
prolonged whole blood clotting times the "platelet-

free" plasma was spontaneously incoagulable. We
are unable to explain the prolonged whole blood
clotting time and associated failure of platelet-free
plasma to clot in three cases. It is apparent that
these deviations from normal were caused by a
deficiency of a thromboplastic factor rather than
by the presence of a clotting inhibitor. The nu-
merical reduction of platelets alone is not sufficient
to account for the coagulation defect, and we can
only surmise that there must have been a deficiency
also of a plasma thromboplastin. These plasmas
could not be distinguished from those of the hemo-
philiacs. Other cases of thrombocytopenia with
unaccountably prolonged whole blood clotting
times have been reported (35).

Two of the three patients with fatal liver dis-
ease (Cases Nos. 81 and 82) had positive anti-
coagulant assays and their "platelet-free" plasmas
did not clot. We have presented evidence that
these patients had plasma antithrombic anticoagu-
lants in addition to severe hypoprothrombinemia.
By contrast, the "platelet-free" plasma of the third
patient (Case No. 83) clotted in glass tubes in
spite of a severe hypoprothrombinemia, and this
patient had no evidence of circulating anticoagu-
lant.

Three patients with Hodgkin's disease treated
with nitrogen mustard showed no evidence of a
disturbance of blood coagulation, and their "plate-
let-free" plasmas were similar to those of normal
individuals. The heparin-like anticoagulant re-
ported by Smith et al. (26) to occur following ni-
trogen mustard therapy was not demonstrable in
our cases.

SUMMARY

1. By means of silicone-treated apparatus. and
high-speed centrifugation at low temperature it
has been possible to prepare fluid platelet-free
plasma without the use of anticoagulants.

2. Studies on the "platelet-free" plasmas of 86
human subjects with and without hemorrhagic
diathesis are presented.

3. Evidence is submitted for the existence of a
soluble plasma thromboplastin precursor which on
contact with glass surfaces is converted to an active
state. Both this plasma factor and platelets are
necessary for normal coagulation, but clotting can
be initiated by either alone.
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4. The coagulation defect in hemophilia appears
to be a deficiency of this plasma thromboplastin
precursor.
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