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Evidence has accumulated that the initiation of
blood clotting may involve the participation of a
plasma thromboplastic factor capable of inducing
the conversion of prothrombin to thrombin (1-7).
The activation of this factor does not appear to re-
quire the presence of blood platelets (8), although
platelets seem to potentiate its action (8-10).
Elucidation of the r6le of this plasma factor has
largely depended upon the observation of apparent
alterations in its activity in pathologic states.
Thus, the coagulation defect in hemophilia seems
best explained by deficient activity of a plasma
thromboplastic factor (11).

In the experiments to be described, further in-
formation has been provided by the study of an
anticoagulant with peculiar properties. This anti-
coagulant was present in the plasma of a patient
with an unusual hemorrhagic disorder. The pa-
tient's plasma inhibited the coagulation of normal
blood. The inhibitory substance was precipitable
with a globulin fraction. It did not appear to in-
hibit thrombin, prothrombin, or accelerator globu-
lin, nor did it inhibit the activity of platelets or of
thromboplastin from a variety of sources. How-
ever, the anticoagulant did inhibit the clot acceler-
ating effect of glass surfaces on normal platelet-free
plasma. The mode of action of this anticoagulant
can be explained best by assuming the presence in
platelet-free plasma of a thromboplastic mechanism.

CASEREPORT

The patient was a 37 year old housewife whose
case history was previously described by Chargaff
and West (12). There was no family history of
bleeding, nor did either of her two children display

1 This investigation was supported in part by a research
grant from the Division of Research Grants and Fellow-
ships of the National Institutes of Health, U. S. Public
Health Service and was in part carried out under con-
tract with the Office of Naval Research, United States
Navy.

hemorrhagic manifestations. The patient had three
spontaneous abortions at ages 21, 23, and 30 years.
and she was delivered of normal children at the
ages of 23 and 32. Following the third abortion
the patient bled profusely and was transfused with
500 cc. of whole blood. Since that time she had
had persistent evidence of a hemorrhagic diathesis
with vaginal bleeding, cutaneous ecchymoses, de-
forming hemarthroses, bleeding gums, and hemor-
rhage following tooth extractions. She had been
treated elsewhere without benefit with multiple
blood transfusions, antihemophilic globulin, splenic
irradiation, protamine sulfate, "Rutarbin," "Ko-
agamin," and ovarian irradiation. On physical
examination the findings of note were cutaneous
ecchymoses, and limitation of motion and deform-
ity of several of the large joints attributable to old
hemarthroses. The remainder of the physical ex-
amination was not remarkable. The whole blood
clotting time was prolonged to between three and
five hours, but the prothrombin time was normal.

METHODS

The term "plasma thromboplastic factor" is employed
to designate the substance or substances in plasma which
under certain conditions may initiate the conversion of
prothrombin to thrombin. The substance responsible for
this activity has not been isolated or identified, but is
apparently related to the antihemophilic factor. In this
report the term "native plasma" refers to plasma obtained
without the addition of anticoagulant and freed from
formed elements by centrifugation.

Essentially platelet-free plasma was obtained by meth-
ods previously described (7, 8). With the subject in a
fasting state, blood was drawn without anticoagulant us-
ing silicone-treated equipment. The formed elements
including the platelets were removed by high-speed cen-
trifugation at low temperature. Such plasma contained
less than 50 platelets per cmm. Plasma prepared in this
manner from the blood of the patient under study was
incoagulable when incubated indefinitely at 37° C. in
Pyrex glass tubes. On the other hand, as previously ob-
served (7), plasma similarly prepared from the blood of
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normal subjects clotted relatively promptly in glass tubes
at 370 C.

The buffer solution used in these experiments was
composed of 7.3 grams sodium chloride, 2.76 grams bar-
bital, and 2.06 grams sodium barbital diluted to a volume
of 1 liter with distilled water. The pH of this isotonic
solution was 7.5.

The anticoagulant activity of plasma and plasma frac-
tions prepared from the patient's blood was assayed by
determining their clot-retarding effect on normal whole
blood (13).

The patient's native plasma was dialyzed in 1 inch
No-jax cellophane sausage casings against barbital buffer
at 20 C. The cellophane bag was rotated continually
during this procedure by an electric motor. Nine and
one-half ml. of plasma were dialyzed against 350 ml. of
buffer for 24 hours, the buffer solution being completely
changed five times. The patient's plasma remained fluid
during and after dialysis.

Protein fractions of the patient's plasma were obtained
by precipitation with ammonium sulfate. Essentially
platelet-free plasma was citrated. It was then diluted
with an ammonium sulfate solution which had been satu-
rated at room temperature and neutralized to pH 7 with
concentrated ammonium hydroxide. The fraction pre-
cipitated by 25% saturation with ammonium sulfate was
separated by centrifugation at room temperature. Suc-
cessive fractionations of the supernatant fluid were car-
ried out with increasing concentrations of ammonium
sulfate. The precipitates obtained were redissolved in
buffer and dialyzed for one hour against running tap
water and then against frequent changes of buffer for
16 hours. The supernatant fluid remaining after half
saturation with ammonium sulfate was also dialyzed in
the same manner. When dialysis was completed, the
volume of each fraction was measured.

In the original preparation, the fraction containing the
most anticoagulant activity was that precipitated between
25% and 33%yo saturated ammonium sulfate. Therefore,
this fraction was again prepared in the following man-
ner: Native plasma was oxalated and filtered through a
Seitz ST filter in order to decrease the concentration of
prothrombin. The filtrate was diluted with an equal vol-
ume of water, and ammonium sulfate added to provide a
final concentration of 25%o. The precipitate was removed
by centrifugation and discarded. Ammonium sulfate was
then added to the supernatant fluid to give a final concen-
tration of 33%o, and the mixture allowed to stand for
three hours at 40 C. The supernate was decanted after
centrifugation and the precipitate redissolved in barbital
buffer. This solution was dialyzed for four hours against
running tap water and then for 16 hours against frequent
changes of barbital buffer.

The effect of protamine sulfate on the anticoagulant
activity of the patient's plasma was tested. A solution
of protamine sulfate 2 was serially diluted with buffer.
One-tenth ml. of the protamine solution was mixed with

2 Protamine was obtained through the courtesy of Eli
Lilly and Company, Indianapolis.

0.1 ml. of the patient's native plasma in glass tubes. One
ml. portions of fresh normal blood were added and the
clotting times determined in duplicate at 370 C. Final con-
centrations of protamine tested were 80, 16, 8, 0.8, and
0.4 micrograms per ml.

Precipitin tests were performed in capillary tubes. The
patient's oxalated native plasma was serially diluted
with buffer and tested with normal oxalated plasma and
with normal serum. The plasmas were oxalated by the
addition of one part of 0.1 M sodium oxalate to nine
parts of plasma. The capillary tubes were allowed to
stand at room temperature for 24 hours and were ob-
served for the presence of precipitate at frequent inter-
vals during that time.

Thromboplastin was prepared from rabbit brain and
from human brain by techniques previously described (14).

A suspension of macerated platelets was prepared from
hemophilic blood in the following manner. Blood was
obtained without anticoagulant from a fasting hemophiliac
and centrifuged at low speed for five minutes in silicone-
treated test tubes. The supernatant plasma was removed
and found to contain 428,000 platelets per cmm. Eighteen
ml. of this plasma were then recentrifuged at 10,500
RPM in a Servall Superspeed angle centrifuge for 10
minutes. The sediment, which consisted of platelets, was
washed with buffer and recentrifuged. It was then ma-
cerated with a glass mortar and pestle and resuspended
in 3.5 ml. of buffer.

The crushed glass used in these experiments was pre-
pared from Pyrex test tubes of the same lot used for the
determination of clotting times. Particles which passed
through a 50 mesh screen but which were retained by a
100 mesh screen were employed.

The clotting time of recalcified oxalated plasma was
determined in glass tubes at 37° C. Blood was oxalated
by the addition of one part of 0.1 Msodium oxalate to nine
parts of whole blood and the plasma separated by centri-
fugation. One-half ml. of this plasma was recalcified
with 0.1 ml. of 0.1 M calcium chloride in the presence of
0.1 ml. of the solution being tested.

RESULTS

1. Inhibition of coagulation of normal blood by the
patient's plasma

The presence of anticoagulant activity in the
patient's plasma was demonstrated by its inhibitory
effect on the clotting of normal blood, as shown in
Table I. As little as one part of the patient's
plasma in 200 parts of normal blood prolonged sig-
nificantly the clotting time of the latter.

2. Anticoagulant actizity of plasma protein frac-
tions

There was no appreciable loss of clot inhibitory
activity when the patient's plasma was dialyzed at
low temperature for 24 hours against frequent
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TABLE I

Anticoagukant effect of the patient's plasma on normal blood

Clotting time (minutes) in glass tubes at 37° C of 1 ml. portions of
normal blood to which was added the patient's native plasma in the
amounts indicated*

Buffer Patient's plasma

0.2 ml. 0.001 ml. 0.005 ml. 0.01 ml. 0.1 ml. 0.2 ml.

18 17 30 48 60 > 180
19 19 31 46 78 > 180
21 20 33 42 80 >180

* Determinations in triplicate.

changes of barbital buffer. A crude fractionation
of the plasma was performed by precipitating its
protein components with various concentrations
of ammonium sulfate. With this technique it was
observed that anticoagulant activity was present to
the greatest degree in the fraction precipitated be-
tween 25%o and 33%o saturated ammonium sul-
fate (Table II). Some clot inhibitory activity was
also present in the fraction precipitated between
33%o and 50%o ammonium sulfate. The active
principle could not be reprecipitated with the
euglobulins by diluting the fraction with 19 vol-
umes of water and acidifying to pH 5.2 with
acetic acid. Although the anticoagulant property
of the patient's plasma was associated with the
globulin fraction, the serum globulin as measured
by the Howe technique (15) was not appreciably
increased. By this method the albumin concen-
tration was 4.6 grams and the globulin 3.1 grams
per 100 ml. of serum. Furthermore, electropho-
retic analysis of the patient's plasma did not reveal
any abnormality.8

8 Electrophoretic analysis was performed through the
courtesy of Dr. Bacon Chow.

TABLE JI
Anticoagulant effect of crude fractions of the patient's plasma

Clotting time (minutes) in glass tubes at 370 C of 1 ml. portions of
normal blood to which were added 0.1 ml. portions of the fraction
indicated.*

Ammoniumsulfate fraction
Buffer

0-25% 25-33% 33-50% >50%

10 14 60 21 15
10 14 45 14 16

* Final concentration of the fraction was approximately
1/100 original plasma concentration.

3. Properties of the annticoagulant
The anticoagulant activity present in the pa-

tient's plasma persisted after the plasma was heated
at 560 C. for 30 minutes. Heating the globulin
fraction with the greatest anticoagulant activity to
560 C. for 30 minutes did not alter its activity, but
there was some loss at 650 C. for 30 minutes. Af-
ter heating at 800 C. for 10 minutes, the globulin
fraction was inert in all concentrations tested. The
patient's native platelet-deficient plasma was stored
at about 50 C. for three months in silicone-treated
test tubes without the addition of chemical anti-
coagulant. At the end of that time this plasma
was still fluid. The stored plasma retained its
anticoagulant activity, one part of plasma signifi-
cantly prolonging the clotting time of 100 parts of
fresh normal blood. Plasma similarly stored at
370 C. for 24 hours showed no loss of anticoagu-
lant activity. However, when the patient's plasma
was oxalated prior to storage at 50 C., there was
a marked loss of anticoagulant activity after three
months.

The effect of protamine sulfate on the anticoagu-
lant activity of the patient's plasma was tested.
The preparation of protamine employed had been
demonstrated to overcome the clot-retarding action
of heparin. However, in concentrations ranging
from 0.4 to 80 micrograms per ml., it was ineffec-
tive in altering significantly the anticoagulant
property of the patient's plasma. This observation
indicates that the anticoagulant present in the pa-
tient's plasma did not resemble heparin.

The circulating anticoagulant occasionally en-
countered in hemophilic patients has been said
to be an antibody (16). The anticoagulant in the
blood of the patient under study resembled that
found in these hemophiliacs. For this reason
studies were performed to determine whether the
patient's plasma contained antibodies against a
component of normal plasma or serum. No pre-
cipitins could be demonstrated when the patient's
plasma was tested with normal oxalated plasma
from one subject, normal pooled plasma and with
antihemophilic globulin. A precipitate was formed
when the patient's plasma was set up with normal
serum. It seemed likely that this precipitate was
fibrin. For this reason the patient's plasma was
clotted with thrombin and the serum then tested
with normal serum. Under these conditions no
precipitins could be demonstrated in any dilution.
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4. Mode of action of the anticoagulant

The mode of action of the circulating anticoagu-
lant was tested by noting its effect on various
known clotting factors. When thrombin 4 of bo-
vine origin was added to the patient's oxalated
plasma, clotting occurred as promptly as in nor-

mal plasma under the same conditions (Table III).

TABLE III

Rate of clotting of the patient's oxalated plasma by thrombin

Clotting time (seconds) of 0.2 ml. oxalated plasma on adding 0.2 ml.
thrombin solution

Thrombin concentration (units/ml.)
Source of

plasma
10 5 2.5 1.25

Patient 15 26 50 110
16 25 60 110

Normal 12 28 45 120
control 14 32 50 100

Therefore, it appeared that the anticoagulant did
not inhibit the activity of thrombin.

The clot accelerating effect of thromboplastin
derived from rabbit brain was tested. This throm-
boplastin shortened the clotting time of recalcified
oxalated plasma to the same degree in this patient

TABLE IV

Rate of clotting of the patient's native plasma by human brain
thromboplastin

Clotting time (seconds) at 370 C. of 0.1 ml. plasma on adding 0.1 ml.
human brain thromboplastin

Thromboplastin concentration
Source of____

plasma
Undiluted 1:200 1:800 1:3200 1:6400

Patient 14 34 55 110 180
16 32 57 130 180

Normal 12 34 57 111 160
control 13 34 61 130 200

and in normal controls. Moreover, addition of the
same thromboplastin in a wide range of concen-

trations clotted the patient's native platelet-deficient
plasma as promptly as normal plasma. In other
experiments thromboplastin derived from human
brain gave the same results (Table IV). Russell

4Thrombin was obtained through the courtesy of Up-
john Company, Kalamazoo, Michigan.

TABLE V

Clot promoting effect of RusseU viper venom and of crystalline
trypsin on the patient's native plasma

Clotting time (seconds) at 370 C. of 0.5 ml. portions of pative plasma on
adding 0.05 ml. of the test substance.

Source of plasma Stypven (1:5) Trypsin (20 mgm/cc.)

Patient 140 28
150 26

Normal 154 35
control 140 30

viper venom 5 and crystalline trypsin 6 also clotted
the patient's native platelet-deficient plasma as
readily as normal plasma (Table V). These ex-
periments indicate that the anticoagulant does not
inhibit the conversion of prothrombin to thrombin,
nor does it interfere with the activity of accelerator
globulin or of thromboplastin.

Further studies were carried out to determine
whether the anticoagulant was capable of inhibiting
the thromboplastin derived from platelets. In
these experiments suspensions of macerated plate-
lets from hemophilic blood were employed. He-
mophilic plasma is presumably deficient in plasma
thromboplastic factor, so that hemophilic platelets
can be assumed to be virtually free of this plasma
component. The addition of a suspension of
washed and macerated hemophilic platelets to nor-
mal platelet-deficient plasma caused prompt clot-
ting. The presence of the patient's plasma did not

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

6 Crystalline trypsin: Armour Laboratories, Chicago,
Illinois.

TABLE VI

Effect of the patient's plasma on the coagulant action of a
suspension of maceratd platelets

Clotting time (seconds) at 370 C. of 0.8 ml. portions of normal platelet-
deficient plasma to which were added the patient's plasma and the
platelet suspension in the amounts indicated

Patient's plasma
Platelet suspension*

0 0.1 ml.

0 1080 X
1260 00

0.1 ml. 120 120
130 100

* The platelet suspension was prepared from hemophilic
blood. Final concentration of macerated platelets ap-
proximately 200,000 per cmm.
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TABLE VII

Anmtoagulant effect of the patient's plasma on normal
platelt-deficient plasma

Clotting time (minutes) at 370 C. of 0.8 ml. portions of normal platelet-
deficient plasma* in glass tubes. The patient's plasma and crushed
glass were present in the amounts indicated.

Patient's plasma
Crushed glass

0 0.1 ml.

0 12 00
500 mgm. 5 45

* Platelet count of this native plasma was less than 100
per cmm.

inhibit the clot accelerating effect of the platelet
suspension (Table VI).

Finally, experiments were performed to deter-
mine whether a plasma thromboplastic factor was
inhibited by the anticoagulant. Previous studies
have shown that normal plasma clots on contact
with glass surfaces in the virtual absence of plate-
lets (7). The rate of clotting of such plasma was
found to be related to the surface area of the
glass in contact with the plasma (8). However,
platelet-deficient plasma from the patient under
study failed to clot in glass tubes even when
crushed glass was added. Furthermore, the ad-
dition of small amounts of the patient's plasma to
normal platelet-deficient plasma retarded the clot-
ting of the latter (Table VII).

When the patient's plasma was diluted with buf-
fer in glass tubes, coagulation did not occur in any
dilution tested. The addition of crushed glass to
the undiluted plasma likewise failed to induce co-
agulation. However, when crushed glass was
added to appropriately diluted plasma, coagula-
tion did occur (Table VIII). This observation
suggests that the patient's plasma contained po-

TABLE VIII

Clot promoting effect of glass on the patient's diluted plasma

Clottinf time (minutes) at 370 C. of 1 ml. portions of dilutions of the
patient a plasma. The clotting times were determined in glass tubes,
each containing 800 mgm. crushed glass.

Plasma concentration*

100% 50% 30% 20% 10%

co 60 60 360 co
co 70 60 360 co

* Patient's native plasma was diluted with buffer to the
concentration indicated.

tential thromboplastic activity. In undiluted
plasma the circulating anticoagulant apparently
inhibited the appearance of effective thromboplastic
activity even upon the addition of crushed glass.
However, when the plasma was diluted so that the
concentration of anticoagulant was diminished,
thromboplastic activity did appear when crushed
glass was added.

It is an old observation that recalcified oxalated
plasma clots more rapidly than unoxalated blood.
The mechanism of this acceleration is not known.
The effect of the patient's circulating anticoagulant
on the recalcified plasma clotting time was tested
(Table IX). The coagulation of recalcified oxa-
lated normal plasma was inhibited by small
amounts of the patient's plasma. When crushed
glass was added, this effect largely disappeared.

TABLE IX

Anticoagulant effect of the patient's plasma on recakified
oxalated normal plasma

Clotting time (seconds) at 370 C. of 0.5 ml. portions of oxalated normal
plasma on recalcification with 0.1 ml. M/10 calcium chloride. The
patient's plasma and crushed glass were present in the amounts in-
dicated.

Patient's plasma
Crushed glas

0 0.1 ml.

0 480 co
480 co

400 mgm. 80 150
90 180

Thus, in oxalated plasma as in native plasma the
addition of crushed glass overcame the inhibitory
effect of the diluted anticoagulant.

DISCUSSION

Previous studies have suggested the presence in
plasma of a soluble factor necessary for the ap-
pearance of normal thromboplastic activity. The
impaired coagulation in hemophilia is apparently
related to deficient activity of such a factor. In
hemophilia, the blood is known to contain normal
amounts of prothrombin, accelerator globulin,
fibrinogen, and platelets. The coagulation defect
in this disease can be overcome by a substance
present in normal plasma (11). Hemophilic
blood is known to clot normally in the presence
of various thromboplastic agents. Therefore, it

1186



STUDIES ON THE INITIATION OF BLOOD COAGULATION

appears likely that the defective coagulation in
hemophilia is attributable to deficient thrombo-
plastic activity.

The mode of action of the plasma factor deficient
in hemophilia is not yet clearly defined. The data
from recent experimental studies provide convinc-
ing evidence that for normal clotting both a plasma
factor and platelets are necessary (7, 17, 18).
Brinkhous (18) has suggested that the plasma fac-
tor serves to lyse platelets, which in turn release
thromboplastin. Quick (17), on the other hand,
is of the opinion that the plasma factor is a "throm-
boplastinogen" which is converted to active throm-
boplastin by an enzyme released from disintegrat-
ing platelets.

The respective r6les of the platelets and of the
plasma factor have been evaluated by studies of
normal plasma from which the platelets have been
remoyed (8). These experiments indicated that
essentially platelet-free plasma regularly clotted
when in contact with glass surfaces, although it
was often incoagulable when kept in silicone-
treated vessels. The rate of clotting of such
platelet-deficient plasma was a function of the
surface area of the glass to which it was exposed.
These studies have been interpreted to suggest that
the plasma factor was present in circulating blood
in an inactive state, and could be activated in some

unknown manner upon contact with glass sur-

faces. The presence of platelets was not necessary

for this activation, although the addition of plate-
lets tremendously accelerated the formation of
thrombin.

Further evidence in support of the existence of
a potentially thromboplastic plasma factor has been
provided by the study of certain patients whose
plasma contained a circulating anticoagulant (12,
16, 19-26). Such an anticoagulant, present in the
plasma of the patient described in this report, did
not inhibit the action of thrombin, prothrombin, ac-

celerator globulin, or a variety of thromboplastic
substances including human and rabbit brain, plate-
let suspensions and Russell viper venom. Never-
theless, this anticoagulant was effective in retarding
the coagulation of normal blood. The action of
the anticoagulant, then, must have been exerted
at an early stage of the clotting process. The data
suggest that the anticoagulant prevented the ap-

pearance of thromboplastic activity in shed blood.

In previous studies it has been shown that es-
sentially platelet-free human plasma clots when
placed in glass tubes (7, 8). Platelets thus appear
not to be necessary for the initiation of clotting.
The present study provides further support of
this belief. The anticoagulant under study in-
hibited the coagulation of normal platelet-deficient
plasma, although it had no demonstrable inhibi-
tory effect against thromboplastin derived from
platelets.

The anticoagulant described was precipitated
with a globulin fraction of plasma. It was non-
dialyzable, and was destroyed by heating at 80° C.
for 10 minutes. These properties suggest that
the anticoagulant activity was associated with a
protein. Precipitin studies did not provide any
evidence that the clotting inhibitor was an anti-
body against a component of normal plasma.

SUMMARY

Evidence is presented which substantiates the
view that platelet-free plasma contains a factor
which is potentially thromboplastic. An antico-
agulant is described which was present in the
plasma of a patient with an atypical hemorrhagic
diathesis. This anticoagulant retarded the clotting
of normal blood. It did not inhibit the action of
thrombin, prothrombin, accelerator globulin, plate-
lets, or thromboplastin derived from various
sources. The clot-inhibiting effect seems best ex-
plained by assuming that the anticoagulant inhibits
the action of the plasma thromboplastic factor.
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