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The function of platelets in the clotting process
is still a matter of controversy. In Morawitz’s
classic formulation (1) the role of furnishing
thromboplastin was attributed to them. Brink-
hous, who agrees with this concept, has demon-
strated that platelet-free, ‘“‘quasi-hemophilic”
plasma does not clot (2). According to him (2,
3) the thromboplastin contained in platelets is set
free during clotting through the action of a plasma
factor functioning as a thrombocytolysin. The
fundamental defect in hemophilia is thought to be
a diminution or absence of this plasma factor.
Other investigators (4, 5), however, have main-
tained that the quantities of thromboplastin found
in platelets are too small to be of significance in
coagulation. According to Quick (3, 6) they
liberate an enzyme, thromboplastinogenase, which
interacts with the plasma factor, thromboplastino-
gen, to form thromboplastin. Hemophilia again is
interpreted to be a deficiency of the plasma factor,
i.e., a lack of substrate for the platelet enzyme.
Ware and associates (7) analyzed platelet extracts
and found traces of thromboplastin, an accelerator
analogous to serum Ac-globulin and a factor which
enhances the action of thrombin on fibrinogen.

During the study of two patients with hemo-
philia-like disease caused by circulating anticoagu-
lants which seemed to inhibit either the formation
or utilization of thromboplastin, we found (8) that
a concentrated homogenate 2 of ground-up platelets
was able to restore the markedly prolonged clot-
ting times to normal. Quick and Stefanini (9)
have suggested that in hemophilia-like disease the
anticoagulant may inhibit the action of the platelet
enzyme on the plasma thromboplastin precursor,
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and the acceleration of clotting observed by us
seemed to be attributable to an overcoming or
neutralization of the anti-platelet enzyme factor by
the extract. However, we observed a similar
shortening of the coagulation time when such a
concentrated platelet preparation was added to he-
mophilic blood (8), which is deficient in plasma
factor but has normal platelets. It was estab-
lished that these extracts had definite thrombo-
plastic activity, and the problem presented itself
whether this could account for the noted effects.
It was decided, therefore, to investigate and com-
pare the action of platelet homogenates and dilu-
tions of tissue thromboplastin on the clotting time
and prothrombin consumption time of a group of
patients with hemophilia.

METHODS

1) Preparation of Platelet Extract.

A modification of the procedure described by Mann
and colleagues (10) was employed. Citrated blood (one
part of 1.34% sodium citrate to four parts of whole blood)
is collected with an ordinary syringe and centrifuged
soon after collection at 700-800 RPM for one half hour.
The supernatant platelet-rich plasma is respun at the
same speed for 15 minutes, removed from the few
remaining red cells, and again centrifuged in Wasser-
mann tubes at 3,000 RPM for 30 minutes.

The platelets, which still may be contaminated with a
few red and white cells, are found to form a sticky pellet
at the bottom of the tubes. The supernatant plasma is
poured off and measured; the pellet is dislodged and
broken up with a wooden applicator and shaken vigorously
with a saline-citrate solution (0.1 cc. of sodium citrate
to 10 cc. of normal saline). The platelets are then sedi-
mented again by centrifuging at 3,000 RPM for 10
minutes. This process of washing is repeated three more
times. After the final washing the platelets are sus-
pended in saline-citrate and triturated in a mortar for
two to three minutes. The final volume of this sus-
pension of ground-up platelets in saline-citrate is ad-
justed so that 1 cc. of platelet homogenate corresponds
to 10 cc. of original plasma, care being taken to correct
for the 20% dilution of the plasma with citrate. The
platelet extract is then ready for use but can be kept in
the frozen state for 24 hours without loss of potency.
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2) Prothrombin Time.

Determinations were made with the one-stage method
of Quick, using a commercial preparation of thrombo-
plastin (Maltine). Normal values range from 11 to 14
seconds.

3) Clotting Time.

The Lee-White clotting time was done always in three
test tubes (8 X 75 mm.) at room temperature. Values
up to 20 minutes are considered to be normal (11).
When the effect of various substances on the clotting time
was tested, the material was placed first into each tube,
1 cc. of blood then added, the tube inverted once, and the
clotting time measured in the usual manner.

4) Prothrombin Consumption Time.

This test was performed by a slight modification of
Quick’s (4) method. About 5 cc. of blood were drawn
into an ordinary syringe with a silicone-coated needle by
clean venipuncture and discarded. Then a blood sample
for the test was collected in an iced, siliconized syringe
through the same needle and centrifuged in iced, silicon-
ized tubes at 1,700 RPM for 10 minutes. The plasma
was tranferred in 1 cc. portions to uncoated tubes con-
taining the substance whose effect on prothrombin con-
sumption time was to be tested and allowed to clot
at 37°C. One hour after coagulation the clot was
rimmed and the tube centrifuged at 4,500 RPM for one
minute. The prothrombin consumption time was deter-
mined immediately using freshly prepared BaSO,-plasma
as a source of fibrinogen. Normal values, in our hands,
are above 17 seconds, signifying that more than 60% of the
prothrombin activity has disappeared. Further determina-
tions of prothrombin consumption time were made on
the serum, which had been allowed to remain in contact
with the clot at 37°C, at varying intervals up to one and
one half hours. There is normally a progressive lengthen-
ing of the prothrombin consumption time within this
period.

5) Preparation of Thromboplastin Dilutions.

Thromboplastin (Maltine) was prepared as for the
routine prothrombin time determination. The final
thromboplastin solution was tested on normal oxalated
plasma. When found to be satisfactory (prothrombin
time of 11 to 14 seconds), the thromboplastin solution
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was diluted with normal saline until the desired concen-
trations were obtained.

RESULTS

1) Determination of the Thromboplastic Activity
of Platelet Extracts.

The one-stage prothrombin time procedure of
Quick was used as an index of the thromboplastic
activity of platelet homogenates. 0.1 cc. of platelet
extract and of increasing dilutions of thrombo-
plastin were substituted for undiluted thrombo-
plastin, and the “prothrombin times” determined
on normal, oxalated plasmas in the usual manner.
This comparison was performed separately for
each platelet preparation, and their average throm-
boplastic activity was found to be equivalent to
that of a thromboplastin dilution of approximately
1:800. Table I gives typical values obtained in
such experiments with four different platelet
extracts.

2) Effect of Platelet Extracts on Clotting Time.

Platelet extracts always were effective in short-
ening the clotting times of the bloods of eight
hemophiliacs (Table IT). Although the amount of
extract used in these experiments was usually 0.3
cc., as little as 0.05 cc. was sufficient to bring the
clotting times into the normal range in almost all
instances. This effect cannot be attributed to con-
tamination with either plasma or red cells, even
though it has been shown that quantities of normal
plasma as small as 0.001 cc., when added to 2 cc.
of hemophilic blood, increase the rate of clotting
considerably (12). When the clot-promoting
ability of equal quantities of dilutions of fresh oxa-
lated plasma, triturated washed red cells, and plate-
let extracts was compared, significant shortening
of the clotting occurred only with the diluted plasma

TABLE I
Comparison of thromboplastic activity of platelet extracts and dilutions of thromboplastin on normal plasmas

*Prothrombin” time in seconds
Source of thromboplastin
Subject A Subject B Subject C Subject D
Thromboplastin (Maltine undnluted 12 13} 12 14
Thromboplastin (Maltine) 1 63 64 61 66
Thromboplastin (Maltine 1: 800 75 72 — 79
Thromboplastin (Maltine) 1:1,000 80 81 71 94
Thromboplastin (Maltine) 1:2,000 93 88 85 93
Platelet extracts 74 66 74 90
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TABLE II
Effect of platelet extracts and of thromboplastin dilutions on clotting times of hemophilic blood
Effect of platelet extract Effect of thromboplastin dilutions
(clotting times in minutes) (clotting times in minutes)
Patient Thromboplastin dilutions
Normal saline Platelet extr. Normal
0.3 ce. 0.3 cc. 03 cc. 1:500 1:800 1:1,000 1:2,000
0.3 cc. 0.3 cc. 0.3 cc. 0.3 cc.
1 263} 9 23 8 8 8 11
2 33 9 35 8 — 9 13
3 35 15 35 9 15 24 25
4 44 14 22 8 — 9 10
5 over 150 8 — — — — —
6 130 13 130 7 — 8 34
7 69 17 69 8 11 21 21
8 120 16 120 6 8 9 —

and the platelet extracts. The potency of the
platelet preparations was essentially unaffected by
repeated washings prior to trituration, demonstrat-
ing that contamination with antihemophilic globu-
lin was not involved (Table IIT).

3) Effect of Thromboplastin Dilutions on Clotting
Time.

Saline thromboplastin dilutions of 1:500 and
1: 800 reduced the clotting times to normal values
in all instances (Table II). Higher dilutions
(1:1,000, 1:2,000) were less effective in some
patients but always caused a significant shorten-
ing of the clotting time. A rough quantitative re-
lationship seems to exist between the rate of clot-
ting and the amount of thromboplastin added.

4) Effect of Platelet Extracts om Prothrombin
Consumption Time.

The prothrombin consumption time was deter-
mined on 27 separate occasions in our eight pa-

tients. In five patients the values obtained never
were higher than 13 seconds, whereas in three
(cases 1, 3, and 4, Table IV) the prothrombin
consumption time showed definite, spontaneous
fluctuations, sometimes even reaching the normal
range. In two instances we observed a normal
prothrombin consumption time in the presence of
a prolonged clotting time. The effect of platelet
extracts was tested on 12 separate occasions
(Table IV). A change to normal values—above
17 seconds—was obtained six times (twice with
0.2 cc., and four times with 0.4 cc.), whereas in
five experiments the prothrombin consumption
time was raised only slightly. The ability of equal
amounts of platelet extract to produce an in-
creased prothrombin consumption time varied in
one patient (case 6) on different days. This can-
not be blamed on differences in potency of the
homogenates used, since extracts were found to be
effective in one patient, but ineffective in another
when tested simultaneously. Therefore, it seems

TABLE III
Comparison of the effect of platelet extract, triturated red cells, and diluted normal plasma on the
clotting time of hemophilic blood
Clotting time in minutes
Material added (0.3 cc.) to 1 cc. of hemophilic blood
Subject A Subject B Subject C Subject D

None 34 —_ — —
Normal saline 33 88 95 22%
Platelet extract, washed 3 X 9 18 14 12
Platelet extract, washed 5X —_ 18 17 134
Platelet extract, washed 9X —_ 21 25 124
Triturated, washed red cells (1:10) 25 —_ 83 —
Diluted plasma (1:10) 24 16 14 —
Diluted plasma (1:100) — 29 22 —
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TABLE 1V
Prothrombin consumption time one hour after clotting with addition of various materials to 1 cc. of ‘‘native’” plasma
Prothrombin consumption time in seconds
Patient | Prothrombin .
time in Platelet extract 0.2 cc. Thromboplastin dilutions added
no. seconds Nothing bi:lrimal
added 02 cc.
0.2 cc. 0.4 cc. 1:200 1:500 1:800 1:1,000 1:2,000
1 124 15 — — — — — —_ —_ —_
12 17 — — — — — — — —
124 13 — — — — — —_ —_ —_
—_ 113 13 18 —_ —_ 144 13% 133 13
2 13 113} — — — — — —_ — —_
14 13 — — — — — — — _
— 12 — — — — — — —_ —
—_ 12 124 —_ 17 — 173* —_ 13* —_
3 13 22 — — — — — —_ — —_
14 22% _ —_ — — — — — —_
123 11} — — 173 — — — — —
— 16 — — Ji —_ — — — —
13 13 — — — — — — — —_
13 19t — — — — — — —_ —_
4 11% 114 — — — — — — — —
11% 12 — — 17 — — — —_ —_
_ 18t — — — — — — —
5 11 19% — — — — — — —_— —
13 ié 113 15% 17 18 17 184 16 —
— 12} — — — — — —
6 11% 104 103 23% —_ — — — —_ —_
— 104 — 14 — — 12 —_ 11 104
11% 93 94 133 143 14 11 104 11 —
7 13} no clot 9 133 15 — 103 10 10% 11
— no clot — 16 —_ — —_ —_ —_ —
8 14 no clot 11 14} 15% — 12 15% 15% 113
133 10 10 15 16 23 20% 103 —_ —_

* Only 0.5 cc. of plasma used
I Clotting time 35 minutes
Clotting time 22 minutes

likely that the irregular responses are determined
by variables present in the plasmas.

5) Effect of Thromboplastin Dilutions on the
Prothrombin Consumption Time.

Thromboplastin in dilutions of 1:1,000 or
1:2,000, added to hemophilic plasma, had little
effect. Larger concentrations (1:200 to 1:800),
however, were capable of producing a normal pro-
thrombin consumption time at times. No parallel-
ism appeared to exist between the ability of dilute
solutions of thromboplastin to shorten the coagu-
lation time and to increase the prothrombin con-
sumption time. A quantity of thromboplastin,
which clots hemophilic blood with normal speed,

may be unable to affect the prothrombin con-
sumption time in the same patient. These results
are to be expected, since it is known that the pro-
thrombin consumption time of hemophilic blood—
which has clotted because of contamination with
tissue thromboplastin during venipuncture—may
be pathologic in the presence of a normal clotting
time (13). Again it is to be noted that individual
patients showed marked differences in the extent
to which thromboplastin dilutions could alter their
prothrombin consumption time.

DISCUSSION

Our experiments showed that concentrated
aqueous homogenates of human platelets con--
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sistently reduced the clotting times to normal in
eight hemophilic subjects. The effect on the pro-
thrombin consumption time, however, was not al-
ways significant. Platelet extract was found to
possess a thromboplastic activity equivalent to
that of a dilution of lung thromboplastin of about
1: 800 as measured with the one-stage “prothrom-
bin time” technique. Thromboplastin solutions
- of this potency exerted approximately the same
effect on the clotting and prothrombin consump-
tion times as the platelet preparations. These
findings seem to indicate that the platelet extracts
most likely acted by virtue of their thromboplastic
activity. We choose this term since the nature of
“thromboplastin” is not clearly defined at present.
Many materials exhibit thromboplastic activity,
but the responsible agents are not necessarily
identical. At least two thromboplastins with dif-
ferent chemical properties have been found in lung
and brain gissues, respectively (14).

Previogg investigations have demonstrated that
platelets Contain traces of thromboplastin (4, 5, 7,
15), an accelerator analogous to serum Ac-globu-
lin (7, 15), and a factor enhancing the action of
thrombin on fibrinogen (7). It is unlikely that
the platelet accelerator accounts for the observed
results, since it has been shown that purified Ac-
globulin does not influence significantly the clot-
ting time of hemophilic blood (16). A potentiation
of the action of thrombin on fibrinogen does not
explain the increased prothrombin consumption
time which was observed on several occasions and,
therefore, cannot be the primary mechanism by
which the platelet homogenate exerts its effect.

Other clotting factors also can be ruled out.
Thrombin is not present in the platelet homoge-
nates since they do not clot BaSO,-plasma (17).
No serum prothrombin conversion accelerator has
been found in platelet extracts (18). Plasma anti-
hemophilic globulin is removed by repeated wash-
ings during the preparation of the platelet extracts.
It does not appear reasonable that thrombo-
plastinogenase, the platelet enzyme specifically
postulated to interact with the plasma factor throm-
boplastinogen (antihemophilic globulin), should
have a direct activating effect on prothrombin.
This would have to be assumed since no, or very
little, thromboplastinogen can be considered to be
present in hemophilic blood. By exclusion, there-
fore, it appears that platelet extract acted by virtue

of its thromboplastic activity. Our comparative
studies with dilutions of tissue thromboplastin,
while not furnishing direct evidence, also
strengthen this interpretation by demonstrating
that only very small amounts of thromboplastin
are fully capable of producing all the effects noticed
with platelet extract.

Most investigators agree that interaction of
both platelet and plasma factors is necessary to
form an active thromboplastin for normal clotting.
Conley and co-workers (19) have shown that
“complete” clotting—as measured by normal clot-
ting and normal prothrombin consumption times—
takes place only when both factors are present.
In hemophilia the plasma factor is absent or de-
creased, while the platelets now are considered to
be normal (2-4); in severe thrombocytopenia
the picture is reversed (20). In both conditions
the prothrombin consumption time is usually ab-
normal; in hemophilia the clotting time is in-
creased, but in thrombocytopenia it is within nor-
mal limits. In the latter disorder this finding is
ascribed to either release of sufficient thrombo-
plastinogenase by the few remaining platelets (3,
4) or direct activation of the plasma thrombo-
plastin precursor by glass surfaces (21). In our
experiments platelet extracts on several occasions
produced both normal clotting and prothrombin
consumption times in hemophilic subjects in whom
the plasma factor was absent or markedly de-
creased. Since the extract also was free of this
latter factor, it must have provided in these in-
stances the end product of the interaction of platelet
and plasma factors, i.e. thromboplastic activity.

Patek and Stetson (22), on adding a suspen-
sion of platelets of the same concentration as that
found in normal plasma, observed no effect on the
clotting time of hemophilic blood. This apparent
discrepancy with our data may be explained by
considering that the platelet preparations used in
our experiments were 1) triturated and 2) 200
times more concentrated than theirs. It does not
seem permissible to apply directly our interpre-
tation of the effect of the extracts to the function
of platelets i vivo.

Most of our data show a lack of parallelism be-
tween the changes in the clotting and the pro-
thrombin consumption times, regardless of whether
tissue thromboplastin or platelet homogenate was
the agent studied. In other words, while either
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reagent uniformly accelerated clotting, the “con-
sumption of prothrombin” often was not increased
significantly. OQur data also suggest that patients
with hemophilia show definite fluctuations in their
clotting status. This is indicated by spontaneous
variations in their clotting and prothrombin con-
sumption times when tested repeatedly over pro-
longed periods in the absence of hemorrhage or
treatment with transfusions. It is well known that
hemophiliacs may exhibit periods of quiescence
of bleeding manifestations to be followed by inter-
vals marked by hemorrhages of varying severity
(23). If it is assumed that these clinical and lab-
oratory observations reflect differences in the pa-
tient’s ability to form thromboplastin, this mecha-
nism can be invoked to offer an explanation for the
apparent inconsistencies of our observations. Both
platelet extract and dilutions of thromboplastin
supply thromboplastin in addition to that pro-
duced by the patient himself. It depends on the
patient’s own thromboplastin production—which
does not seem to be constant—whether this ex-
traneously furnished thromboplastin is sufficient
to give a normal “consumption of prothrombin.”
Likewise, the occasional normal values of the pro-
thrombin consumption time, which have been ob-
served also by others (24), could be a reflection of
a temporary improvement in the patient’s clotting
status. It is to be emphasized, therefore, that a
normal prothrombin consumption time, even in
the absence of therapy, does not exclude the diag-
nosis of hemophilia.

Considerable difference of opinion exists about
what actually is being measured when the “pro-
thrombin consumption time” is determined. It
has been stated (18, 25) that during coagulation
besides the disappearance of prothrombin, which
lengthens the prothrombin time of the serum, ac-
celerator factor(s) evolve, which shorten it. The
release of adsorbed thrombin from the fibrin mesh-
work also may influence this value (26). How-
ever, even when these mechanisms are taken into
consideration we are at a loss to explain our two
observations of a normal prothrombin consump-
tion time in the presence of a prolonged coagula-
tion time.

SUMMARY

1. Addition of a concentrated homogenate of
ground-up platelets consistently reduces the clot-

ting times of hemophilic bloods to normal. - The
prothrombin consumption time is increased regu-
larly but not always significantly.

2. These effects can be explained most satisfac-
torily by attributing them to the thromboplastic
activity of the platelet preparations.

3. When tested repeatedly over prolonged pe-
riods hemophiliacs, in the absence of therapy, may
occasionally show a normal prothrombin consump-
tion time. It is postulated that the fluctuations in
the clotting status may reflect variations in the
patient’s ability to produce thromboplastin.
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