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Hageman factor is a component of normal
plasma which participates in the early stages of
blood coagulation (1). In freshly drawn blood,
Hageman factor seems to be inactive, but con-
tact with glass or certain other adsorbents changes
it to an active form (2-8). The specific function
of this activated Hageman factor has been puz-
zling. Several investigators have proposed that
it reacts with a second clotting factor-plasma
thromboplastin antecedent-to produce a clot-
promoting substance (5, 9-12). In turn, the
function of this clot-promoting substance remains
to be explained, although its interaction with
Christmas factor has been suspected (11, 13).

In the present study, techniques are described
for preparing Hageman factor and plasma throm-
boplastin antecedent, each apparently deficient
in other recognized clotting factors. The avail-
ability of these fractions has made it possible to
examine their interaction. Evidence will be pre-
sented that activated Hageman factor converts
plasma thromboplastin antecedent into a clot-pro-
moting substance-activated plasma thromboplas-
tin antecedent-by an enzymatic process. In turn,
the clot-promoting substance probably acts enzy-
matically, although its substrate is not yet defined.

NOMENCLATURE

The terminology used to describe the clotting factors
and hemorrhagic disorders has been summarized else-
where (14). Briefly, Hagemiant trait refers to a familial
disorder of the early stages of coagulation, first observed
in a man without hemorrhagic symptoms (1). The
plasma of patients with Hageman trait behaves as if it

* This study was supported in part by Research Grants
H-1661 (C) and RG-5303 (C2) from the National In-
stitutes of Health and in part by a grant from the Amer-
ican Heart Association.

t Career Investigator of the American Heart Associa-
tion.

Postdoctoral Fellow, United States Public Health
Service.

were deficient in Hagemiian factor (1). Plasmiia throbn-
lboplastin antecedeWt (PTA) deficiency is a familial
hemorrhagic disease in which the plasma appears to be
deficient in PTA (15). Anttihenmophilic factor and
Christmas factor are deficient in the plasma of patients
with classic hemophilia and Christmas disease [or plasma
thromboplastin component (PTC) deficiency], respec-
tively.

The initial stages of the coagulation of plasma in vitro
involve the interreactions of Hageman factor, PTA,
Christmas factor and antihemophilic factor to form
plasma thromboplastin. Platelets or certain phospho-
lipids and calcium ions are also intimately concerned
with the formation of plasma thrown boplastin. In turn,
plasma thromboplastin, in some undefined association
with Stuart factor (Factor X), proaccelerin (Factor V),
and calcium ionis, converts prothrombin to thrombin.
Thromboplastin may also be derived from tissues; tissue
thromtboplastin is optimally effective only in the presence
of the precursor of serum prothrombin conversion ac-
celerator (pro-SPCA or Factor VII). These interre-
lationships are demonstrated in Figure 1.

MATERIALS AND METHODS

Unless otherwise noted, all studies were performed
with blood, plasma or plasma fractions which had been
collected or prepared in silicone-coated tubes and had
never wittingly been in contact with glass or similar clot-
promoting surfaces.

Vetnous blood was drawn from the antecubital veins
of normal subjects or from patients with various coagu-
lative disorders, using no. 18 gauge needles coated with
Arquad-2C (Monocote-E, Armour) and glass syringes
coated with silicone (G.E. Dri-Film SC-87).

Experiments were performed with blood obtained
from 5 patients with Hageman trait and 3 with PTA
deficiency. The five with Hageman trait included J.H.,
M.R. and T.R., who were Patients I, II and III in an
earlier publication (1) ; V.S., a 35 year old woman; and
T.W., a 12 year old girl. V.S. and T.W. each has a
brother with the same defect. Only V.S. has had symp-
toms suggesting a bleeding tendency; she had vaginal
bleeding during the early months of a pregnancy still
in progress. The patients with PTA deficiency were
M.WV. and B.Y., two of the three patients described in
Rosenthal, Dreskin and Rosenthal's original study (15),
and G.P., whose case was reported by Todd, Panter and
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FIG. 1. A TENTATIVE OUTLINE OF SOME STEPS IN THE CLOTTING PROCESS.
Reprinted with permission of C. C Thomas, Springfield, Ill. (14).

Wright (16). M.W. and B.Y. were bled in New York
and their frozen plasma carried to Cleveland, while G.P.
was bled at different times in New York or Cleveland.
The identity of the defect in the three patients with
PTA deficiency has been confirmed by both Dr. Robert
Rosenthal (17) and ourselves.

Platelet-deficient citrated plasma was prepared by an
adaptation of the method of Conley, Hartman and Morse
(18). Thirty ml of venous blood was withdrawn and
discarded. Next, 30 ml or more of venous blood was
drawn through the same needle with fresh syringes. This
blood was mixed with one-ninth its volume of 0.13 M tri-
sodium citrate and its cells were removed by centrifuga-
tion in silicone-coated Lusteroid tubes at 2,700 G for 15
minutes in an International SB size 1 centrifuge. The
plasma was recentrifuged twice for 10 and 30 minutes,
respectively, at 27,000 G in an International high speed
centrifuge. This platelet-deficient plasma was kept in
silicone-coated Lusteroid tubes. It was then refrigerated
in ice water and used within a few hours or stored at
- 250 C until used. Unless otherwise noted, this platelet-
deficient, citrated plasma, which had had no contact with
glass was used in all the experiments to be described.

Aluminum hydroxide-adsorbed plasma is deficient in
prothrombin, pro-SPCA, Stuart factor and Christmas
factor. It was prepared by incubating 10 vol of plasma
with 1 vol of aluminum hydroxide gel for 3 minutes at
370 C in silicone-coated Lusteroid tubes. The mixture
was then centrifuged for 5 minutes at 2,700 G. The su-
pernatant plasma was usually used immediately, but its
content of inactive Hageman factor and PTA was pre-
served by storage at - 250 C for several months or
more. For different purposes, dilute or concentrated
aluminum hydroxide gels were used.

Dilute aluminum hydroxide gel was prepared by di-
luting 1 part of a commercial suspension 1 with 3 parts

1 Provided through the courtesy of Cutter Labs.,
Berkeley, Calif.

of water, while concentrated aluminum hydroxide gel was
undiluted Amphoj el.2 The concentration of aluminum
hydroxide gels, as provided by the manufacturers, is ex-
pressed in terms of aluminum oxide. The dilute alumi-
num hydroxide gel contained 0.6 per cent and the con-
centrated gel 4 per cent aluminum oxide; the latter also
contained small, unspecified quantities of glycerin and
sodium benzoate.

Barium sulfate-adsorbed serum is deficient in pro-
thrombin, pro-SPCA, Stuart factor and Christmas fac-
tor. It was prepared by incubating venous blood for 4
hours at 370 C in Pyrex tubes. The serum was then
separated by centrifugation, incubated for 20 hours at
370 C and stored at - 25° C. Prior to use the serum was
adsorbed for 10 minutes at room temperature with 100
mg of powdered barium sulfate (Baker) per ml. After
centrifugation the adsorbed serum was used within a few
hours.

Heated plasma was prepared by incubation in a water
bath. The temperature was determined by immersing
the bulb of a silicone-coated thermometer in the tube of
plasma or was estimated by immersing a thermometer in
a similar tube containing water and heated simultane-
ously in the same section of the water bath.

Ammonium sulfate fractionation of plasma was per-
formed in silicone-coated Lusteroid tubes by the addi-
tion of ammonium sulfate solution, saturated at 40 C
and neutralized by the addition of 10 ml of concentrated
ammonium hydroxide per L. The mixture was stored at
40 C for 1 hour or more and centrifuged for 5 minutes at
2,700 G. Each fraction was reprecipitated a second time
prior to testing. Each was then dissolved in a volume
of buffer equal to that of the original plasma and dialyzed
against buffer for 48 hours.

Carboxymethylcellulose-treated plasma was prepared
by shaking 1 ml of plasma with 75 mg of carboxymethyl-

2 Without flavor, furnished through the kindness of
Wyeth Labs., Philadelphia, Pa.
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cellulose for 10 minutes in uncoated Lusteroid tubes
(ID 11 mm) in a mechanical shaker. The carboxy-
methylcellulose was then removed by centrifugation at
2,700 G for 5 minutes. Carboxymethylcellulose, con-
taining approximately 0.72 mEq of acidic groups per g
of cellulose, was prepared by the procedure of Ellis and
Simpson (19).

Crude H(agyciiani f(actor, deficient in PTA, was pre-
pared from plasma of patients with PTA deficiency.
The plasma was adsorbed with dilute aluminum hydroxide
gel to remove prothrombin, pro-SPCA, Stuart factor
and Christmas factor; this treatment did not decrease
the titer of Hageman factor appreciably. The plasma
was then heated at 560 C for 0.5 hour; this process de-
creased the titer of antihemophilic factor and proac-
celerin, and precipitated fibrinogen but did not usually
decrease the titer of Hageman factor. However, some
preparations lost as much as half or more of their activity
after adsorption and heating.

The adsorbed, heated plasma was then diluted to twice
its volume by the addition of 0.15 M sodium acetate (pH
5.2) and sufficient 1 M acetic acid to bring the plasma
to pH 5.2. The acidified plasma was diluted with an
equal volume of water so that it was now at 4 times
the original plasma volume, ionic strength 0.075 and pH
5.2. It was next stirred at room temperature for 10
minutes with 75 mg of carboxymethylcellulose for each
ml of the original plasma, and centrifuged for 5 minutes
at 2,700 G. The carboxymethylcellulose was washed
twice with 0.075 M sodium acetate buffer (pH 5.2) and
eluted twice at room temperature for 5 minutes each time
with a mixture of equal amounts of 0.067 M sodium phos-
phate buffer (pH 6.8) and 1 M sodium chloride. Each
elution was done with a volume of eluting solution one-
half that of the original plasma. The two eluates were
combined, recentrifuged to remove traces of carboxy-
methylcellulose, and dialyzed for 16 to 24 hours against
buffer. The crude Hageman factor was stored in sili-
cone-coated Lusteroid tubes at - 25° C until used.

Crude Hageman factor, prepared in this way, con-
tained 1 per cent or less of the protein of the plasma
from which it had been prepared. In most preparations
it retained substantially all of the plasma's capacity to
correct the abnormality in plasma deficient in Hageman
factor. This crude Hageman factor was used in the ex-
periments to be described. Further purification was ob-
tained by column chromatography, adsorbing crude
Hageman factor onto calcium phosphate gel and eluting
it with a gradient of equal parts of 0.05 M and 0.5 M
sodium phosphate buffer at pH 6.8. Still further separa-
tion from other proteins could then be made by using
phosphocellulose. Details of this purification will be pub-
lished at a later date; preliminary data indicate a mini-
mal purification of about 1,000-fold, compared with the
plasma from which it was prepared, although the sig-
nificance of such comparisons is made difficult by the
nature of the assay system.

Criide plasina throiinboplastin antecedent, deficient in
Hageman factor, was prepared in the same way as crude

Hageman factor from the plasma of patients with Hageman
trait. The plasma was adsorbed with dilute aluminum
hydroxide gel to remove prothrombin, pro-SPCA, Stuart
factor and Christmas factor. This adsorption usually re-
sulted in a decrease in the plasma's PTA activity of 75
to 80 per cent. The adsorbed plasma was then heated at
560 C for 30 minutes to precipitate fibrinogen and to de-
crease the titer of antihemophilic factor and proaccelerin.
Plasma heated at 560 C had only about one-fourth or less
of its original ability to shorten the clotting time of
PTA-deficient plasma. However, when plasma was suc-
cessively adsorbed with dilute aluminum hydroxide gel
and heated at 560 C for 30 minutes, the loss of PTA ac-
tivity was no greater than when either procedure was
performed separately, so that adsorbed, heated plasma
retained one-eight to one-fourth of its corrective capacity
for PTA-deficient plasma.

The adsorbed, heated plasma was then adsorbed with
carboxymethylcellulose, and crude PTA was eluted in
the same manner as Hageman factor. This fraction con-
tained about 1 per cent of the protein of the untreated
plasma, but because of the losses in the initial steps of
preparation represented only a 10- to 20-fold purification
of activity; again, the nature of the assay makes an esti-
mate of the degree of purification hazardous. Additional
purification of this crude PTA could not be achieved, for
reasons to be discussed in Section VII of Results.

A fraction of plasma that inhibits active Hagenian
factor and active plasma thromboplastin, antecedent was
separated from pooled outdated citrated plasma obtained
from the blood bank. The plasma was adsorbed with
concentrated aluminum hydroxide gel and heated at 560
C for 30 minutes. The fraction of plasma soluble at 50
per cent saturation but insoluble at 70 per cent satura-
tion with ammonium sulfate was separated by centri-
fugation for 5 minutes at 27,000 G. This fraction was
dissolved in buffer, reprecipitated at 70 per cent satura-
tion, and collected on XWhatman no. 54 filter paper on a
Buchner funnel. The precipitate was dissolved in 1/6
vol of water, dialyzed overnight against 0.01 M sodium
acetate (pH 5.2) and the precipitate discarded after cen-
trifugation. The supernatant solution was dialyzed against
barbital-saline buffer; it contained the inhibitory activity,
about fourfold concentrated as compared with the origi-
nal plasma. Its degree of purification was not determined.
In this state, the inhibitory property was stable for sev-
eral months at - 25° C; this preparation was used in the
experiments described. Further purification was possible
by precipitating the fraction soluble at 22.5 per cent satu-
ration with ethyl alcohol at pH 7.5 and ionic strength
0.063, but insoluble at pH 5.6. However, this fraction
was too unstable for further study. The inactivating
property is also present in plasma fractions IV-1 and
IV-4, as separated by Cohn Method 6.3

Diisopropyl fluorophosp hate (DFP)-treatcd plasma
or plasma fractions were prepared by incubation of the
appropriate plasma and DFP (K. & K. Labs., Long Is-
land City, N. Y.) in barbital buffer in dialysis tubing at

3 Ratnoff, 0. D. Unpublished observations.
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250 C for 1 hour, followed by dialysis against several
changes of buffer at 4°. In some cases, the pure DFP
was initially diluted in anhydrous isopropanol before the
final dilution was made. As a control for the latter ex-
periments, pure isopropanol was added to a similar
plasma preparation to ascertain whether any of the in-
hibition observed might be due to the isopropanol. In
no case did the amount of isopropanol used produce any
inhibition.

Concentrations of Hageman factor, plasma thrombo-
plastin antecedent, antihemophilic factor and Christmas
factor were assayed by measuring the effect of the sample
to be tested upon the recalcified clotting time of plasma
obtained from individuals with congenital deficiencies of
these factors (20, 21). Coitccittratioiis of prothrombin
(22), proacceclerin (21), pro-SPCA (21) and Stuart fac-
tor 4 (23) were estimated by published methods. To
test for thrombin, 0.1 ml of the sample was incubated
with 0.1 ml of bovine fibrinogen solution at 370 C over-
night. In addition, the same mixture was incubated in
the presence of 0.1 ml of 0.025 M calcium chloride, since
this salt potentiates the action of thrombin. The solu-
tion of bovine fibrinogen, prepared commercially, was
said to contain 300 mg of coagulable protein per 100 ml.5

The thrombin time (1) and prothrombin time (24) were
measured by previously described techniques. Com-
mercial acetone-dried rabbit brain (Difco) was used as
a source of tissue thromboplastini. To test the effect of
plasma fractions upon serum prothromnbic activity, 0.1 or
0.2 ml was pipetted into new Pyrex tubes. Sufficient ve-
nous blood was added to bring the volume to 2.25 ml, and
each tube was then inverted twice over Parafilm (Mara-
thon). The tubes were incubated for suitable periods at
370 C, stirred vigorously with 0.25 ml of 0.13 M sodium
citrate, and re-incubated for 30 minutes. The tubes were
then centrifuged at room temperature for 15 minutes at
1,900 G, and the prothrombin content of the serum was
measured by the method of Alexander (22). The pro-
thrombin content was compared with that of samples of
plasma of the same blood obtained from similar tubes
to which 0.25 ml of 0.13 M sodium citrate was added be-
fore the addition of blood.

"Cephalin"-fortificd clotting tihiIC, an adaptation of
the partial thromboplastin time (25), was devised to test
the effect of clot-promoting fractions upon the clotting
time of normal or abnormal plasmas in silicone-coated
tubes. Duplicate determinations demonstrated the un-
reliability of the recalcified clotting time in silicone-
coated tubes unless coagulation was accelerated by the
addition of traces of "cephalin." The test was performed
by incubating 0.1 or 0.2 ml of the fraction to be tested,
0.1 ml of plasma and 0.1 ml of a "cephalin"-calcium mix-
ture in silicone-coated tubes at 37° C. The tubes were
tilted once a minute until clotting occurred. Duplicate

4 Russell's viper venom for this study was furnished
through the kindness of Burroughs, Wellcome and Co.,
Tuckahoe, N. Y.

5 Bovine fibrinogen was provided through the courtesy
of Warner-Chilcott Labs., Morris Plains, N. J.

determinations usually agreed within 1 minute when the
clotting time was 20 minutes or less and within 3 min-
utes when the clotting time was 30 minutes or less. The
"'cephalin"-calciutn mixture, freshly prepared before each
test, was composed of equal parts of 0.05 M calcium
chloride and a crude chloroform extract of acetone-dried
rabbit brain (26), diluted from its stock solution 4,000-
to 8,000-fold with buffer. The stock solution was stored
at - 25° C.

The effect of incubating crude Hageman factor with
plasma thromtboplastin antecedent was tested by incubating
a mixture of 0.1 ml of each, suitably diluted with buffer,
in silicone-coated tubes for the time desired. The tubes
were then chilled in an ice bath. Simultaneously, each
fraction was incubated separately for the same interval,
chilled, and mixed in the same proportions. One-tenth
ml of PTA-deficient plasma and 0.1 ml of the "cephalin"-
calcium mixture were added to each tube and the "cepha-
lin"-fortified clotting time was measured in the manner
described. Conditions were so arranged that all tubes
were assayed for clot-promoting activity simultaneously.

Inhibition of the activation of plasma thromboplastin
antecedent was studied by adapting the preceding tech-
nique. One-tenth ml of crude Hageman factor, diluted
1: 10, was incubated in a silicone-coated tube for 10 min-
utes at 370 C with 0.2 ml of the substance to be tested.
Then 0.1 ml of undiluted crude PTA was added and the
mixture was incubated for 30 additional minutes, chilled,
and diluted with 9.6 ml of buffer. At the same time, 0.1
ml of Hageman factor was incubated for 10 minutes with
0.2 ml of buffer and for 30 additional minutes with 0.1
ml of PTA. Then 0.2 ml of the test substance and 9.4
ml of buffer were added to the mixture. The clot-pro-
moting properties of the two mixtures were compared by
measuring the effect of 0.1 ml aliquots upon the "cepha-
lin"-fortified clotting time of normal plasma. As con-
trols, the test substances, the clotting factors, and a mix-
ture of Hageman factor and PTA were assayed alone.
The substances tested included 2 M sodium chloride;
soybean trypsin inhibitor (Nutritional Biochemicals) dis-
solved in buffer in a concentration of 1 mgper ml; e-amino-
n-caproic acid (Mann), dissolved in water in a concen-
tration of 0.3 M; and 0.02 M trisodium ethylenediamtine
tctraacetic acid 6 prepared by neutralizing a 0.1 Msolution
of the disodium compound with sodium hydroxide to pH
7.3 and diluting it to 0.02 M with 1 part of water and 3
parts of buffer.

The esterase activity of crude Hageman factor and of
PTA activated by Hageman factor was tested upon a
substrate of 0.02 M p-toluenesulfonyl-L-arginine methyl
ester for 24 hours at 370 C, using a previously published
method (27). The concentration of Hageman factor in
the enzyme-substrate mixture was one-tenth that of the
plasma from which it was separated. The activated
PTA had been prepared by incubating an equal volume
of undiluted PTA and Hageman factor, diluted 1 :100,

6 Sequestrene Na2 supplied through the courtesy of
Alrose Chemical Co.
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for 3 hours at 370 C. This mixture was diluted 10-fold
in the enzyme-substrate mixture.

Centrifugations were at 20 C unless otherwise noted.
Dialyses were carried out at 40 C in Visking No-Jax
casings. Pipettes were washed in chromic acid; all
other glassware was cleaned with Dreft. All assays

were performed in duplicate in uncoated or silicone-coated
Pyrex tubes (ID 8 mm) ; the average clotting time is
recorded in the tables or figures. The protein content
of plasma or fractions of plasma was measured by the
technique of Lowry, Rosebrough, Farr and Randall (28).
Unless otherwise specified, the buffer used in these stud-
ies was composed of 0.025 M barbital and 0.125 M so-

dium chloride at pH 7.5 (1).

RESULTS

I. The preparation of Hageman factor from
PTA-deficient plasma. The distinction between
PTA and the Hageman factor was originally made
by observing that PTA-deficient plasma corrected
the defect in plasma thought to be deficient in
Hageman factor (1). Previously described prep-

arations of Hageman factor, derived from pooled
normal serum, were contaminated with PTA. The
use of PTA-deficient plasma as a source for Hage-
man factor was therefore explored. PTA-defi-
cient plasma appeared to contain normal amounts
of Hageman factor, since it was as effective as

normal plasma in shortening the recalcified clot-
ting time of plasma deficient in this substance.
The same PTA-deficient plasma retained its Hage-
man factor activity after it had been adsorbed
with dilute aluminum hydroxide gel. A variable
portion of Hageman factor activity, often as much
as three-fourths, was removed by adsorption with
concentrated aluminum hydroxide gel. Hageman
factor could also be adsorbed virtually quantita-
tively onto carboxymethylcellulose, from which
it could readily be eluted.

The corrective effect of PTA-deficient plasma
for Hageman trait resisted heating at 560 C for
30 minutes. Heating PTA-deficient plasma at
600 C for 30 minutes destroyed virtually all of its
Hageman factor activity.

PTA-deficient plasma, adsorbed with aluminum
hydroxide gel, and heated at 56° C for 30 min-
utes, was fractionated with ammonium sulfate.
Almost all Hageman factor activity was concen-

trated in the fraction soluble at 30 per cent satu-
ration and insoluble at 50 per cent saturation with
ammonium sulfate; a sharper separation could not
be made by this technique. Small amounts of

Hageman factor-like activity were also present in
the fraction insoluble at 30 per cent saturation,
and in the fraction soluble at 50 per cent but in-
soluble at 60 per cent saturation.

Serum prepared from PTA-deficient blood was
as effective as normal serum in shortening the re-
calcified clotting time of plasma deficient in Hage-
man factor. In contrast, serum prepared from
blood deficient in Hageman factor had only traces
of clot-promoting activity for plasma deficient in
the same factor. In these experiments, the serum
was first adsorbed with barium sulfate to diminish
the concentration of other clot-promoting sub-
stances.

The various properties that have been described
were given consideration in the preparation of
crude Hageman factor from PTA-deficient plasma.

II. Properties of crude Hageman factor. Crude
Hageman factor, prepared from PTA-deficient
plasma in the manner described, corrected the ab-
normality in plasma deficient in this substance,
On the other hand, it was virtually without effect
on the recalcified clotting time or "cephalin"-forti-
fied clotting time of PTA-deficient plasma (Table
I).

Previous studies have localized the defect in
Hageman trait to the earliest stages of clotting.
The properties of crude Hageman factor are in
agreement with this interpretation. It accelerated
the coagulation of normal plasma in glass tubes,
but its effect was more dramatic in silicone-coated
tubes (Table II). Its clot-promoting effect was
a double logarithmic function: a linear relationship
could be plotted between the logarithm of its con-

TABLE I

The effect of crude Hageman factor upon the
coagulation of abnormal plasmas

Clotting time*

Hageman
factor- PTA-

Concentration of Hageman deficient deficient
factor plasma plasma

min
1:10 plasma concentration 9 >60
1:40 plasma concentration 10 >60
Buffer control > 60 > 60

* Clotting time of a mixture of 0.1 ml each of crude Hage-
man factor deficient in PTA, platelet-deficient plasma and
"cephalin"-calcium mixture. The crude Hageman factor
was diluted with buffer. Clotting times were measured in
duplicate at 370 C in silicone-coated tubes.
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TABLE II

The effect of activated Hageman factor and of spontaneously
active plasma thromboplastin antecedent upon the coagula-

tion of normal plasma

Clotting time* (min) of normal
Preliminary plasma upon the addition of:

period of
incubation A) Hageman B) PTA C) Buffer

factor

0 13 13
1 11 14
2 10 14
4 10 14
8 9 16

16 1 1 15
32 13 15

23

* Clotting time of a mixture of 0.1 ml each of crude
activated Hageman factor, deficient in PTA (at 1:100
plasma concentration) or spontaneously activated crude
PTA, deficient in Hageman factor (at original plasma con-
centration) or buffer, normal plasma and "cephalin"-cal-
cium mixture. The Hageman factor or PTAwas incubated
alone at 370 C in silicone-coated tubes. At intervals, the
plasma was added to successive tubes. After 32 minutes,
the "cephalin"-calcium mixture was added to all tubes and
the clotting times were measured in duplicate at 370 C.

centration and the logarithm of the clotting time
of the substrate plasma.

The clot-promoting property of crude Hageman
factor suggested that it had been activated at
least in part during its preparation. The clot-
promoting effect of this "activated' Hageman
factor was increased by incubating it with normal
plasma before recalcification. In one such ex-
periment, small amounts of crude activated Hage-
man factor were mixed with normal plasma and
incubated in silicone-coated tubes at 370 C. At
intervals, aliquots of this mixture were recalcified
and the clotting time was measured in the pres-
ence of traces of "cephalin." Under these condi-
tions, the clotting time of the mixture of activated
Hageman factor and normal plasma gradually
shortened (Table II, columns A and C). These
experiments demonstrated that crude activated
Hageman factor reacted with a component of nor-
mal plasma before the addition of calcium. After
8 minutes, the clotting time of the mixture gradu-
ally lengthened. The significance of this effect
will be discussed later.

The clot-promoting effect of activated Hageman
factor was apparently exerted at an early step in
blood coagulation. Preparations of activated
Hageman factor were devoid of detectable throm-
bin-like activity, since they did not clot solutions

of fibrinogen even in the presence of calcium ions.
They were without effect upon the one-stage pro-
thrombin time of normal plasma. Nonetheless,
they greatly increased the rate at which prothrom-
bin was converted to thrombin during the coagu-
lation of normal blood (Table III).

The increased prothrombin "consumption"
which occurred in the presence of crude activated
Hageman factor could not be attributed to its
contamination with other recognized clotting fac-
tors. Preparations of Hageman factor were free
of detectable pro-SPCA, Stuart factor, proac-
celerin, prothrombin and antihemophilic factor,
and did not shorten the abnormally long pro-
thrombin time of the plasma of a patient under
treatment with Dicumarol. One undiluted prepa-
ration shortened the recalcified clotting time of
plasma deficient in Christmas factor from 70 to
41 minutes; in contrast, normal plasma, diluted
1: 40, shortened the clotting time of the same
plasma to 7 minutes. Hageman factor was thus
r.ot contaminated with any appreciable amount of
other known components of the clotting system.

At least three hydrolytic enzymes found in hu-
man plasma-plasmin, thrombin and the esterase
derived from the first component of complement-
digest P-toluenesulfonyl-L-arginine methyl ester.
Crude activated Hageman factor did not hydro-
lyze this substrate, distinguishing it from these
enzymes. However, the preparation did contain
plasminogen, since fibrinolytic activity appeared
upon the addition of streptokinase.

III. The effect of carboxymethylcellulose upon
blood coagulation. Contact with glass or certain
other adsorbent surfaces accelerates the clotting
of normal plasma. This clot-promoting activity
can be detected only in plasmas containing Hage-

TABLE III

The effect of activated Hageman factor upon
serum prothrombic activity

Prothrombic
Test substance activity*

Activated Hageman factor 5
Buffer 35

* Serum prothrombic activity of a mixture of 0.1 ml of
crude activated Hageman factor (deficient in PTA),
diluted 100-fold with buffer, or buffer, and 2.15 ml of
whole blood, incubated at 37° C for 30 minutes in Pyrex
tubes.
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man factor. Contact with these adsorbents seems
to transform Hageman factor from an inactive to
an active form in which it can accelerate clotting.
Evidence has been presented that the crude Hage-
man factor used in the present study had been ac-
tivated at least in part (Section II and Table II).
Since its adsorption to carboxymethylcellulose
was a step in the preparation of crude activated
Hageman factor, the possibility was considered
that carboxymethylcellulose, like other adsorbents,
accelerates the clotting of normal plasma. To test
this, normal plasma was agitated with carboxy-
methylcellulose and then tested for its clot-pro-
moting effect on untreated plasma (Table IV).
This experiment demonstrated that agitation with
carboxymethycellulose induced clot-promoting ac-
tivity in normal plasma.

IV. The preparation of PTA from Hageman
factor-deficient plasma. No satisfactory method
of preparing PTA from normal plasma has been
described. The plasma of patients with Hageman
trait contains PTA activity. The properties of
such plasma were studied to determine the con-
ditions needed to prepare PTA that was deficient
in other recognized clotting factors.

Plasma deficient in Hageman factor shortened
the recalcified clotting time of PTA-deficient
plasma to the same degree as did normal plasma,
as if it contained normal amounts of PTA. Simi-
larly, serum obtained from patients with Hageman
trait shortened the clotting time of PTA-deficient
plasma, but serum prepared from PTA-deficient
blood was without any corrective effect. Each se-
rum had first been adsorbed with barium sulfate
to remove other clot-promoting substances. PTA
activity was also present in oxalated Hageman

TABLE IV

The clot-promoting effect of carboyxmethylceUulose

Test plasma Clotting time*

min
Carboxymethylcellulose-treated plasma. 24
Control plasma > 300

* Clotting time of a mixture of 0.1 ml each of the test
plasma, untreated plasma and 0.05 M calcium chloride.
The test plasma was prepared by agitating 1 ml of normal
plasma for 10 minutes at room temperature in a Lusteroid
tube containing 75 mg of carboxymethylcellulose, which
was then removed by centrifugation; the control plasma
was similarly treated except that the carboxymethylcellu-
lose was omitted. Clotting times were measured in dupli-
cate at 370 C in silicone-coated tubes.

trait plasma which had been stored at - 250 C
for more than 4 years.

Adsorption of normal plasma or plasma deficient
in Hageman factor wath dilute aluminum hydrox-
ide gel usually resulted in a decrease in its PTA
activity of 75 to 80 per cent. When the adsorp-
tion was carried out with concentrated aluminum
hydroxide gel, nearly all of the corrective effect
of these plasmas was lost. A second adsorption
with concentrated aluminum hydroxide usually re-
moved all but traces of PTA-like activity. Thus,
this factor was more readily adsorbed from plasma
by aluminum hydroxide than was Hageman fac-
tor. Attempts to elute PTA from aluminum hy-
droxide gel have been unsuccessful.

PTA could also be adsorbed onto carboxy-
methylcellulose; in this case, it could be eluted
without obvious loss.

Normal plasma or plasma deficient in Hage-
man factor, heated at 560 C for 30 minutes, had
only about one-fourth or less of its original ability
to shorten the clotting time of PTA-deficient
plasma. All activity was lost after incubation at
600 C for 30 minutes, and plasma, heated in this
way, actually acquired clot-inhibitory properties.
When plasma was successively adsorbed with di-
lute aluminum hydroxide gel and heated at 560 C
for 30 minutes, the loss of PTA-like activity was
no greater than when either procedure was per-
formed separately. Normal plasma, treated in
this way, still shortened the clotting time of plasma
deficient in Hageman factor almost as readily as
did untreated plasma. On the other hand, Hage-
man factor-deficient plasma, treated the same way,
had no effect upon untreated Hageman factor-
deficient plasma. Such plasma was suitable as a
starting material for the concentration of PTA,
deficient in Hageman factor.

Maximal PTA activity was found in the fraction
of adsorbed, heated plasma soluble at 40 per cent
and insoluble at 50 per cent saturation. However,
the degree of purification achieved by ammonium
sulfate precipitation at this stage was not enough
to be useful in purification.

Crude PTA, deficient in other clotting factors
and apparently suitable for the experiments to be
described, was prepared by methods derived from
these observations.

V. Properties of crude plasma thromboplastin
antecedent. Freshly prepared crude PTA, de-
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TABLE V

The effect of crude plasma thromboplastin antecedent upon
the coagulation of PTA-deficient plasma

Test mixture Clotting time*

min
Hageman factor-deficient plasma, diluted 1:20 10
Hageman factor-deficient plasma, diluted 1:80 13
Hageman factor-deficient plasma, diluted 1:320 15
Crude PTA, 1:20 plasma concentration 14
Buffer control 18

* Clotting time of a mixture of 0.1 ml each of Hageman factor-defici-
ent plasma or crude PTA (prepared from Hageman factor-deficient
plasma) or buffer, PTA-deficient plasma, and 0.025 Mcalcium chloride.
The Hageman factor-deficient plasma and PTAwere diluted with buffer.
The clotting times were measured in duplicate at 250 C in Pyrex tubes.

rived from Hageman factor-deficient plasma,
shortened the clotting time of PTA-deficient
plasma in Pyrex tubes (Table V). On the other
hand, the same fraction was either without effect
on normal plasma or was slightly inhibitory
(Table \JJ). The significance of this inhibitory
activity is not yet clear. An inhibitor of the clot-
promoting properties of glass and other adsorb-
e-its has been found in Hageman factor-deficient
plasma (1, 4, 10, 29), but its identity with the
inhibitor in crude PTA is uncertain.

Crude PTA did not seem to be contaminated
with other recognized clotting factors. It lacked
thrombin-'like activity and did not influence the
one-stage prothrombin time of normal blood.
It did not influence the conversion of prothrom-
bin to thrombin in whole blood, as tested by mix-
ing 0.2 ml of an undiluted preparation to 2.15
ml of whole blood and measuring the prothrombin
remaining after 20 minutes. It contained no
measurable pro-SPCA, Stuart factor, proaccelerin,
prothrombin, antihemophilic factor or Christmas
factor, and was without influence on the prothrom-
bin time of the plasma of a patient under treatment
with Dicumarol.

TABLE VI

The effect of crude plasma thromboplastin antecedent-upon
the coagulation of normal plasma

Test mixture Clotting time*

min
Crude PTA 23
Buffer control 16

* Clotting time of a mixture of 0.1 ml each of crude PTA
or buffer, normal plasma and "cephalin"-calcium mixture.
The PTA was prepared from Hageman factor-deficient
plasma and was at its original concentration in plasma.
Clotting times were measured in duplicate at 370 C in
silicone-coated tubes.

VI. The effect of crude activated Hageman
factor upon plasma thromboplastin antecedent.
When crude preparations of activated Hageman
factor and of PTA were incubated together, clot-
promoting activity developed. The experiments
to be described suggest that in this reaction the
clot-promoting activity evolved from the action
of activated Hageman factor upon PTA.

Crude preparations of activated Hageman fac-
tor and of PTA were incubated in silicone-coated
tubes at 37° C. At intervals, aliquots were added
to a substrate of plasma deficient in PTA, and the
clotting time of the mixture was measured in
silicone-coated tubes. This experimental design
was chosen to allow the study of any interreaction
of activated Hageman factor and PTA without
confusion by their effect upon the substrate plasma.
Thus, PTA was furnished in the incubation mix-
ture but not in the substrate. Hageman factor
was present both in the incubation mixture and
in the substrate. However, the crude Hageman
factor in the incubation mixture had been "ac-
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FIG. 2. THE EVOLUTION OF CLOT-PROMOTINGACTIVITX

IN MIXTURES OF CRUDEACTIVATED HAGEMANFACTORAND

PTA. THE INFLUENCE OF CONCENTRATIONOF HAGEMAN

FACTOR. Clotting time of a mixture of 0.1 ml each of
crude activated Hageman factor diluted serially with
buffer, crude PTA diluted 1: 4, PTA-deficient plasma
and "cephalin"-calcium mixture. The activated Hage-
man factor and PTA were incubated for the indicated
intervals prior to the addition of plasma and "cephalin"-
calcium mixture. Clotting times were determined in
duplicate in silicone-coated tubes at 37° C.
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tivated" during its preparation while that in the
substrate plasma was presumably largely inac-
tive, since this had not had contact with glass.
Qualitatively similar results were obtained in ex-

periments in which normal plasma was used as a

substrate, but quantitative measurement was much
more difficult.

When activated Hageman factor was incubated
with PTA in silicone-coated tubes, potent clot-
promoting activity evolved. The rate at which
clot-promoting activity developed was determined
by the concentration of crude Hageman factor in
the mixture (Figure 2). At the highest con-

centration of activated Hageman factor tested,
clot-promoting activity was maximal within 15
minutes after this substance was mixed wtih PTA.
With lesser concentrations of activated Hageman
factor, clot-promoting activity developed at a

slower rate but, ultimately, essentially the same

clot-promoting activity evolved regardless of the
concentration of Hageman factor tested.

On the other hand, the magnitude of the clot-
promoting activity which evolved was a function
of the concentration of PTA in the mixture (Fig-
ure 3). In this experiment, an amount of acti-
vated Hageman factor sufficient to give a maximal
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CONCENTRATIONOF PT A

FIG. 3. THE EVOLUTION OF CLOT-PROMOTINGACTIVITY

IN MIXTURES OF CRUDEACTIVATED HAGEMANFACTORAND

PTA. THE INFLUENCE OF CONCENTRATION OF PTA.
Clotting time of a mixture of 0.1 ml each of crude acti-

vated Hageman factor diluted 1: 10, crude PTA diluted

serially with buffer, PTA-deficient plasma and "cephalin"-
calcium mixture. The activated Hageman factor and

PTA were incubated at 370 C for 60 minutes prior to the

addition of plasma and "cephalin"-calcium mixture.

Clotting times were determined in duplicate at 37° C.

TABLE VII

The spontaneous appearance of clot-promoting activity in
preparations of plasma thromboplastin antecedent

Clotting time* (min)

After After
Test mllixture At 0 lirs 24 hrs 48 hrs

PTA incubated at 4° C 23 15 22
PTA incubated at 25° C 11 13
PTA incubated at 370 C 8 9
Buffer control 16 17 18

* Clotting time of a mixture of 0.1 ml each of crude PTA
or buffer, normal plasma and "cephalin"-calcium mixture.
Five-tenths ml portions of freshly prepared PTA (prepared
from Hageman factor-deficient plasma) were incubated in
silicone-coated tubes at 40, 25° or 37° C and aliquots were
removed for testing at 0, 24, and 48 hours. Clotting times
were measured in duplicate at 370 C in silicone-coated
tubes.

effect within 15 minutes was incubated for 60 min-
utes with different amounts of PTA. In this way,
conditions were arranged so that clot-promoting
activity was assayed only after it had reached full
development. Under these circumstances, clot-
promoting activity developed in relation to the
concentration of PTA.

The evolution of clot-promoting activity in a
mixture of crude activated Hageman factor and
crude PTA was not inhibited by the presence of
0.01 Mtrisodium ethylenediamine tetraacetic acid,
0.15 M e-amino-n-caproic acid, 0.01 M benzoyl-L-
arginine methyl ester, or soybean trypsin inhibitor
in a concentration of 0.5 mg per ml. However,
clot-promoting activity did not develop in the
presence of 1 MNaCl.

VII. The appearance of clot-promoting activity
in crude preparations of plasma thromboplastin
antecedent. That PTA may be converted into a
clot-promoting substance was unexpectedly cor-
roborated in studies of crude PTA prepared from
plasma deficient in Hageman factor. Under cer-
tain conditions, clot-promoting activity arose spon-
taneously in preparations of crude PTA; this ac-
tivity could not be distinguished from that which
appeared when crude Hageman factor and PTA
were incubated together.

Crude PTA was incubated in silicone-coated
tubes in the presence of toluene vapor. At the
start, and 24 and 48 hours later, the fraction was
tested for clot-promoting activity (Table VII).
Prior to incubation the fraction delayed the "cepha-
lin"-fortified clotting time of normal plasma.

0-

0

I~,- I
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After incubation at 370 C for 24 hours, the same

fraction shortened the clotting time; no further
activity developed in 48 hours. Another sample,
incubated at 25° C, had a lesser clot-promoting ef-
fect, and a third sample, incubated at 40 C: was

virtually unchanged.
The "spontaneous" appearance of clot-promot-

ing activity in crude preparations of PTA was er-

ratic, and the factors responsible for its develop-
ment could not be clarified. In contrast to that
which developed when PTA was incubated with
crude activated Hageman factor, clot-promoting
activity never appeared in less than 8 hours.
Spontaneous clot-promoting activity developed in
preparations of PTA derived from each of the
five patients studied who had Hageman trait.
Activity was more likely to appear when the frac-
tion was dissolved in a volume of buffer equal to
that of the plasma from which it was prepared;
little or no activity evolved when the fraction was

diluted further. Although activity evolved more

consistently at 370 C, storage of the fraction at
temperatures as low as - 250 C did not always
prevent its appearance within a few weeks. In
several experiments, attempts were made to con-

centrate crude PTA by precipitation with am-

monium sulfate at 55 per cent saturation followed
by dialysis against buffer. Nearly always, clot-
promoting activity appeared in these fractions,
although the stage of preparation at which it de-
veloped could not be distinguished. Clot-promot-
ing activity also appeared when crude PTA was

adsorbed onto calcium phosphate gel and then
eluted.

VIII. Evidence that the spontaneous clot-pro-
noting activity of PTA preparations was not due
to the action of activated Hageman Factor. The
clot-promoting activity that appeared "spontane-
ously" in preparations of crude PTA accelerated
the clotting not only of normal plasma but also
of plasma obtained from patients with Hageman
trait or PTA-deficiency (Table VIII). However,
several lines of evidence indicate that this clot-
promoting activity was probably not due to con-

tamination of the crude PTA with Hageman fac-
tor. PTA was adsorbed more readily than Hage-
man factor by concentrated aluminum hydroxide
gel (Section IV); a sample of Hageman factor-
deficient plasma, adsorbed with diluted aluminum
hydroxide gel, had PTA activity, but the same

TABLE VIII

The clot-promoting effect of spontaneously activated plasma
thromboplastin antecedent

Clotting time* (min)

Hageman
factor-

Normal deficient PTA-deficient
Test mixture plasma plasma plasma

Spontaneously activated PTA 8 7 8
Buffer control 31 >60 > 60

* Clotting time of a mixture of 0.1 ml spontaneously activated crude
PTA (prepared from Hageman factor-deficient plasma) or buffer,
plasma and "cephalin"-calcium mixture. Clotting times were meas-
ured in duplicate at 370 C in silicone-coated tubes.

plasma, adsorbed with concentrated aluminum
hydroxide gel, lacked PTA activity.

The removal of PTA from plasma deficient in
Hageman factor simultaneously removed its ca-
pacity to generate clot-promoting activity. In one
experiment, Hageman factor-deficient plasma was
adsorbed twice with concentrated aluminum hy-
droxide gel; it no longer contained detectable
PTA, as measured by its capacity to shorten the
clotting time of PTA-deficient plasma. This ad-
sorbed plasma was heated at 560 C for 30 minutes
and adsorbed with carboxymethylcellulose in the
usual way. The eluate of the carboxymethylcel-
lulose was incubated in silicone-coated tubes at
370 C for 91 hours. At the end of this time, it
contained only about 2 per cent of the clot-pro-
moting activity of an eluate prepared from the
same plasma that had been adsorbed with dilute
rather than concentrated aluminum hydroxide gel.

The clot-promoting activity which appeared in
crude PTA was differentiated from Hageman
factor by a second method. Spontaneously ac-
tive PTA was qualitatively different from crude
activated Hageman factor. It will be recalled
that the clotting time of normal plasma was short-
ened by preliminary incubation with activated
Hageman factor (Table II, column A). Under
the same conditions, preliminary incubation with
normal plasma did not increase the clot-promoting
properties of spontaneously active PTA (column
B).

In still another experiment, a preparation of
crude activated Hageman factor was diluted until
its clot-promoting activity for normal plasma was
equal to that of a "spontaneously" active prepara-
tion of crude PTA. A mixture of activated Hage-
man factor and freshly prepared, inactive PTA
was incubated at 370 C for 80 minutes. At the
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TABLE IX

The effect of activated Hageman factor and of spontaneously
activated plasma thromboplastin antecedent upon

inactive PTA

Clotting
Test mixture time*

min
Inactive PTA, 0.1 ml + buffer, 0.1 ml 19
Active PTA, 0.1 ml + buffer, 0.1 ml 12
Activated Hageman factor, 0.1 ml + buffer, 11

0.1 ml
Inactive PTA, 0.1 ml + active PTA, 0.1 ml 12
Inactive PTA, 0.1 ml + activated Hageman 7

factor, 0.1 ml
Buffer control, 0.2 ml 17

* Clotting time of 0.2 ml test mixture, 0.1 ml normal
plasma and 0.1 ml "cephalin"-calcium mixture. The test
mixtures were incubated in silicone-coated tubes for 80
minutes at 370 C prior to the addition of plasma and
"cephalin"-calcium. Clotting times were measured in
duplicate at 370 C.

end of this period, further clot-promoting activity
had evolved in the mixture (Table IX). On the
other hand, no additional clot-promoting activity
appeared in a mixture of "spontaneously active"
and inactive PTA incubated for the same period.
Again, spontaneously active PTA did not behave
like activated Hageman factor in its effect upon
inactive PTA.

IX. Some properties of the clot-promoting ac-
tivity evolving in crude plasma thromboplastin
antecedent "spontaneously" or upon treatment
with activated Hageman factor. The clot-pro-
moting activity which appeared when crude PTA
was treated with activated Hageman factor could
not be distinguished from that which evolved
"spontaneously." In preparations that seemed to
be fully activated, the clot-promoting activity was
striking. Either preparation, diluted 300-fold or
more compared with the plasma from which it
was prepared, significantly accelerated the "cepha-
lin"-fortified clotting time of an equal volume of
normal plasma.

The clot-promoting activity could not be identi-
fied with that of other known clotting factors.
Neither preparation was thrombin-like, for they
did not clot bovine fibrinogen, even in the pres-
ence of calcium ions. Nor did they contain pro-
thrombin, proaccelerin, pro-SPCA, Stuart factor
or antihemophilic factor, as tested by specific as-
says for each of these substances. They either

were without corrective effect upon plasma de-
ficient in Christmas factor, or shortened its recal-
cified clotting time or partial thromboplastin time
insignificantly; in one experiment, the partial
thromboplastin time of plasma deficient in Christ-
mas factor was shortened from 653 to 553 seconds
by a preparation of PTA activated by Hageman
factor. The partial thromboplastin time of normal
plasma, tested by this method, is usually less than
100 seconds.

By inference, the clot-promoting property ap-
peared to function early in the clotting process.
It altered neither the thrombin time nor the pro-
thrombin time of normal plasma. However, it
significantly increased prothrombin "consump-
tion" in whole blood. Typical data, obtained with
a "spontaneously" active PTA preparation, are
recorded in Table X. These experiments are
compatible with the view that the clot-promoting
substance evolved from preparations of PTA acts
early in the clotting process.

The clot-promoting agent which developed when
PTA was treated with Hageman factor did not
digest p-toluenesulfonyl-L-arginine-methyl ester,
distinguishing its action from that of thrombin,
plasmin and the esterase derived from the first
component of complement.

X. The inhibition of activated Hagentan factor
and "activated" plasma thromboplastin antecedent
by plasma. The clot-promoting activity which ap-
pears when normal plasma is exposed to glass
gradually deteriorates (30). This decrease in
activity has been attributed to the presence of an
inhibitory substance that may have enzymatic
properties (2). The specificity of the inhibition
with regard to activated Hageman factor or ac-
tivated plasma thromboplastin is not certain.

TABLE X

The effect of spontaneously activated plasma thromboplastin
antecedent upon serum prothrombic activity

Prothrombic
Test substance activity*

Inactive PTA 50
Spontaneously active PTA 10
Buffer control 50

* Serum prothrombic activity of a mixture of 0.2 ml of
undiluted inactive or spontaneously active PTA or buffer
and 2.05 ml whole blood, incubated at 370 C for 1 hour in
Pyrex tubes. The PTA was prepared from Hageman
factor-deficient plasma.
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A fraction of plasma was prepared which in-
hibited the clot-promoting activity of glass-treated
plasma. This fraction was incubated with crude
activated Hageman factor and with "spontane-
ously" activated PTA. In each case, the clot-
promoting activity was decreased (Table XI).
Whether the same principle inactivated Hageman
factor and "spontaneously" activated PTA was

not ascertained. Additional studies to confirm the
enzymatic nature of the inhibitory substance were

not performed, but its activity was not diminished
by incubation with diisopropyl fluorophosphate
at a concentration of 5 x 10-4 M, 0.05 mg soybean
trypsin inhibitor per ml, 0.001 N mercuric chlo-
ride, 0.0125 N hydrogen peroxide, or 0.01 M
trisodium ethylenediamine tetraacetic acid.

XI. The effect of diisopropyl fluorophosphate
upon Hageman factor, plasma thromboplastin ante-
cedent and activated plasma thromboplastin ante-
cedent. Becker (31) observed that diisopropyl
fluorophosphate inhibited the clot-promoting prop-

erties of Hageman factor. However, the prepara-

tion which he used undoubtedly contained PTA
in addition to Hageman factor, and his method of
assay did not distinguish between these factors.
Crude activated Hageman factor, devoid of PTA,
was incubated with DFP at a concentration of
5 x 10-4 M for 1 hour and then dialyzed against
repeated changes of buffer. Similarly, crude
PTA, devoid of Hageman factor, and PTA, acti-
vated "spontaneously" cr by incubation with
activated Hageman factor, were treated with DFP.

TABLE XI

The effect of an inhibitory fraction of plasma upon activated
Hageman factor and spontaneously activated plasma

thromboplast in antecedent

Test mixture
Clotting

time*

min
Activated Hageman factor, 0.1 ml +inhibitor, 0.1 ml,

separately incubated, then mixed 9
Activated Hageman factor, 0.1 ml +inhibitor, 0.1 ml,

incubated together 13

Activated PTA, 0.1 ml+inhibitor, 0.1 ml, separately
incubated, then mixed I1

Activated PTA, 0.1 ml +inhibitor, 0.1 ml, incubated
together 19

Buffer, 0.1 ml+inhibitor, 0.1 ml 18
Buffer, 0.2 ml 17

* Clotting time of a mixture of 0.2 ml of the test mixture, 0.1 ml of
normal plasma and 0.1 ml of "cephalin"-calcium mixture. The test
mixture was composed of crude activated Hageman factor (diluted
1:10) or crude spontaneously activated PTA, mixed with an inhibitory
fraction of plasma. These substances were incubated either together
or separately and then combined. This incubation and the clotting
times were performed in duplicateat 370 C in silicone-coated tubes. ,f

TABLE XII
The effect of diisopropyl fluorophosphate upon activated

Hageman factor and activated plasma thromboplastin
antecedent

Clotting time*

Hageman
factor-

deficient PTA-deficient
Test mixture plasma plasma

mill
Untreated activated PTA 11
DFP-treated activated PTA 16
Untreated activated Hageman factor 14
DFP-treated activated Hageman factor 22
Buffer control 65 15

* Clotting time of a mixture of 0.1 ml each of crude activated Hage-
man factor or PTA (each diluted 1:10), plasma and 0.025 M calcitu n
chloride. The clotting times were measured in duplicate in Pyrex
tubes at 25° C.

Treated and untreated fractions were then tested
for their specific corrective effect for deficient
plasmas, and for their nonspecific clot-promoting
activity for normal plasma.

Crude activated Hageman factor, devoid of
PTA, regularly lost three-fourths or more of its
clot-promoting activity for both normal plasma
and plasma deficient in Hageman factor after treat-
ment with DFP (Table X). In contrast, when
normal plasma was incubated for 1 hour with
DFP and then dialyzed against buffer, none of its
Hageman factor-like activity was lost, and clot-
promoting activity appeared when it was agitated
with crushed glass. In normal plasma, Hageman
factor behaves as if it were inactive, until it is ex-
posed to glass or similar substances. One may
infer that DFP inhibits activated Hageman fac-
tor but not its inactive precursor.

Similarly, crude PTA was unaffected by in-
cubation with DFP. However, "spontaneously"
active PTA, or PTA activated by Hageman fac-
tor, was sensitive to DFP, losing about three-
fourths of its activity under the conditions at
which it was tested (Table XII).

DISCUSSION

Almost 100 years ago, Lister (32) observed
that the coagulation of mammalian blood was en-
hanced by contact with a foreign surface. Nor-
mal blood-liquid within the blood vessels-clots
within a few minutes in a glass tube. The mecha-
nisms through which glass and other clot-pro-
moting surfaces act have been studied persistently.
Until recently, attention was centered upon the
effect of these agents on the formed elements of
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the blood. However, a profusion of experiments,
beginning with those of Bordet and Gengou (33),
demonstrated that glass and certain other sub-
stances can initiate or accelerate clotting in plasma
depleted of its cells. One site of action of glass
is Hageman factor, present in normal plasma lbut
lacking in the plasma of patients with Hageman
trait (2-8). Perhaps other factors are altered as
well (7, 34); it is difficult to distinguish between
a direct effect of glass upon a clotting factor and an
indirect effect mediated through its activation of
Hageman factor.

Currently, the most satisfactory hypothesis to
explain the effect of glass upon Hageman factor
relates to its adsorbent properties. Clotting is
accelerated by many other adsorbents including
kaolin (2), barium carbonate (2, 35), charcoal
(2), Supercel (2), Celite (5), bentonite (36), as-
bestos (8) and silicic acid (37), and, as demon-
strated in the present study, carboxymethylcellu-
lose. Like glass, these adsorbents are effective
only when the plasma tested contains Hageman
factor. These considerations have led to the view
that the clot-promoting properties of glass and
other adsorbents depend upon their capacity to
adsorb Hageman factor, which changes from an
inactive to an active form in the process.

The molecular rearrangements that result in
the activation of Hageman factor are unknown.
Fiala (35) thought that glass or barium carbo-
nate initiated clotting by removing an inhibitor
from plasma. Wehave been unable to isolate an
inhibitor from untreated normal plasma. How-
ever, plasma deficient in Hageman factor inhibits
the clot-promoting effects of glass, barium carbo-
nate and asbestos (2, 29). This inhibitory ac-
tivity appears to be directed against the activation
of Hageman factor. Minute amounts of prepara-
tions containing active Hageman factor shorten
the clotting time of plasma deficient in this sub-
stance (1) (Table I). Attractive as it may be
to imagine that the same inhibitory activity ex-
ists in normal plasma, masked by the presence of
Hageman factor, this view is unproved. Similar
inhibitory activity can be demonstrated in normal
plasma heated at 60° C to destroy the Hageman
factor it contains, but these results may well be
artifactual (38). Dissenting views, that the in-
hibitorv activity in Hageman factor-deficient
plasma is "nonspecific" (10) or is the essential

lefect in Hageman trait (11), are equally con-
j ectural.

Once it has been activated, Hageman factor ap-
parently accelerates the coagulation of normal
blood or plasma (Table II). Previous studies to
determine how this acceleration comes about were
handicapped because preparations of Hageman
factor of adequate purity were not available. Our
earlier attempts to purify Hageman factor from
normal serum (2, 39) were vitiated by unsus-
pected contamination with plasma thromboplastin
antecedent (12). Nonetheless, several groups of
investigators have proposed that Hageman factor,
once activated by glass, reacts with a second clot-
ting factor, PTA, to produce a clot-promoting
substance variously called activation product (5),
the third prothromboplastic factor (11), antihe-
mophilic factor C (11) or activated PTA (10).
Hardisty and Margolis (10) conceived that active
Hageman factor serves as a catalyst to convert
PTA from an inactive to an active form, but they
(lid not provide direct supporting evidence. They
believed that Hageman factor exerts its effect upon
PTA only while both are adsorbed to glass or
other surfaces. In their view, the activated PTA
then returns to solution to initiate further stages
in the clotting process. All agree that calcium ions
are not required for the activation of Hageman
factor by glass, but Soulier and Prou-Wartelle
(36) thought that calcium might be needed for
the interaction of Hageman factor and PTA.

Some clarification of the function of activated
Hageman factor and its relationship to PTA has
been possible, using the relatively simple techniques
described in the present report. A crude fraction,
rich in activated Hageman factor and apparently
deficient in other known clotting factors, was pre-
pared from plasma believed C eficient in PTA. In
the same way, a crude fraction containing PTA
was prepared from plasma deficient in Hageman
factor. Hageman factor, prepared by this method,
was apparently purified about 100-fold and in the
process was activated, for now it accelerated the
clotting of normal blood or plasma; whether all or
only part of the Hageman factor was activated is
not vet clear. The fraction corrected the coagu-
lative defect of plasma deficient in Hageman fac-
tor but had no effect upon the clotting time of
plasma deficient in PTA. Its effect on normal
blood seemed to be localized to an early stage of
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clotting, in keeping with earlier premises that the
defect in Hageman factor-deficient plasma is in
the initiation of blood coagulation and that Hage-
man factor is needed for the evolution of thrombo-
plastic activity in shed blood (1).

Experiments in which crude activated Hageman
factor was incubated with normal citrated plasma
in silicone-coated tubes demonstrated that this
factor reacted with some component of the plasma
in the absence of calcium ions. However, they
provided no clues concerning the component with
which activated Hageman factor reacted.

When crude activated Hageman factor was in-
cubated with crude PTA, clot-promoting activity
of considerable potency gradually evolved. Kinetic
experiments demonstrated that the extent of this
activity was related to the concentration of PTA in
the mixture, while the rate at which it developed
depended upon the concentration of activated
Hageman factor. Our present interpretation of
these studies is that Hageman factor is an enzyme
whose substrate, PTA, is converted to an active
clot-promoting agent, tentatively designated as
activated PTA. This reaction occurred when
solutions of activated Hageman factor and PTA
were incubated in silicone-coated tubes; the pres-
ence of a glass-like surface did not seem necessary.
The reaction took place in the presence of appreci-
able quantities of trisodium ethylenediamine tetra-
acetic acid and thus did not seem to be calcium-
dependent. Thus, the initial phases of blood co-
agulation may be schematized as in Figure 4.

Nothing in these experiments rules out the pos-
sibility that other as yet unidentified agents, pres-

HAGEMAN FACTOR

CONTACTWITH
SURFACE

ACTIVATED HAGEMAN FACTOR

PLASMA ACTIVATED PLASMA
THROMBOPLASTIN THROMBOPLASTIN

ANTECEDENT ANTECEDENT

FIG. 4. A TENTATIVE SCHEMEOUTLINING THE INITIAL

STEPS IN THE COAGULATIONOF PLASMA. Modified from
Reference 47.

ent in the crude preparations of Hageman factor
and PTA, are needed for the development of clot-
promoting activity. Indeed, these fractions may
well contain other clot-accelerating substances,
which may function in ways not detected by our
present techniques. A wealth of previous experi-
ence cautions against the assumption that "puri-
fied" clotting factors are free of other clot-ac-
celerating materials.

The enzymatic nature of activated Hageman
factor is supported by its inhibition by diisopropyl
fluorophosphate, first demonstrated by Becker
(31) and now confirmed with purer preparations
of activated Hageman factor. Likewise, the reac-
tion of activated PTA with DFP supports the
conclusion that it also is an enzyme. In con-
trast, Hageman factor and PTA are not affected
by DFP. Thus, these reactions are analagous
to those of trypsinogen and trypsin (40-42),
chymotrypsinogen and chymotrypsin (40), plas-
minogen and plasmin (43), and prothrombin and
thrombin (44, 45). In each of these cases, the
enzyme precursors are unaffected by organophos-
phorous compounds, while the active form is
rapidly inhibited. Whether activated Hageman
factor and activated PTA preparations will show
similar pH dependency as well as the direct bind-
ing of the diisopropyl phosphoryl moiety to a
serine residue remains to be investigated. Neither
activated Hageman factor nor activated PTA
was totally inactivated by DFP. This probably
reflects the presence in the crude preparations
tested of other, unidentified clot-promoting sub-
stances which are DFP-resistant.

Activated Hageman factor may well have nat-
ural substrates other than PTA. Margolis (46,
47) has implicated this substance in the activation
of "pain-producing factor" and "capillary perme-
ability factor" of normal serum. However, a
search for protein or synthetic substrates of acti-
vated Hageman factor, only partly recorded here,
has been unrewarding.

Information has also been provided concerning
the properties of PTA. The crude preparations
we have made represent an apparent purification
of this substance of only about 10- to 20-fold.
In its inactive form it had no effect upon the coag-
ulation of normal plasma or plasma deficient in
Hageman factor. Once treated by activated Hage-
man factor, it accelerated the coagulation of both
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of these plasmas. Again, its action seemed lim-
ited to the earliest steps of coagulation, the forma-
tion of thromboplastic activity. Presumably, ac-
tivated Hageman factor affected this stage of co-
agulation by activating PTA, and this in turn
initiated the steps leading to the conversion of
prothrombin to thrombin. In these reactions, ac-
tivated PTA may well have enzymatic activity;
its inhibition by diisopropyl fluorophosphate is
compatible with this view. However, its sub-
strate has not been delineated. Preliminary ex-
periments, not reported here, suggest that Christ-
mas factor may be a substrate, but data to estab-
lish this are not yet available. Calcium ions may
be needed for the action of activated PTA on its
substrate, but again satisfactory experimental data
are not yet at hand.

A perplexing question has been the dearth of
hemorrhagic symptoms in persons whose plasma
apparently lacks Hageman factor (1, 12). Some
insight into this problem may have been gained
from studies of "spontaneously" active PTA.
Crude PTA, purified by the method described,
did not accelerate the coagulation of normal blood
or plasma. However, such preparations, incu-
bated alone at 370 C, acquired clot-promoting ac-
tivity that could not be distinguished from that
which evolved in the presence of Hageman factor.
By implication, some mechanisms permitting the
activation of PTA at the site of an injury may be
available to the patient with Hageman trait. How
this might come about has not yet been studied.

The mechanism responsible for the spontaneous
appearance of clot-promoting activity in crude
preparations of PTA is unknown. Studies of
this process have been hampered because as yet
all of our attempts at further purification of PTA
have produced activated products. As yet, there
is no reason to believe that the activation process
is autocatalytic and, indeed, the addition of acti-
vated PTA to its inactive precursor seemed with-
out effect. Conceivably, the plasma from which
the PTAwas prepared, devoid of detectable Hage-
man factor by other measures, contained traces
of this substance. Under appropriate conditions
these traces of Hageman factor might activate
PTA. Of course, other explanations must also
be considered. Several groups have suggested
that the plasma of patients with Hageman trait
contains normal amounts of Hageman factor,

blocked by the presence of an inhibitor. This as-
sumption seems unwarranted, since the merest
trace of normal plasma will shorten the clotting
time of plasma from patients with Hageman trait.

The clot-promoting activity induced by treat-
ing normal plasma with glass is labile (30). The
loss of clot-promoting activity is apparently re-
lated to the presence of one or more inhibitors.
A crude concentrate of plasma, containing this
inhibitory activity, seemed to inactivate both acti-
vated Hageman factor and spontaneously activated
PTA. Whether this inhibitory activity is due to
the presence of one or several substances is not
yet clear. Further studies have been vitiated by
the lability of the inhibitory activity during puri-
fication.

This discussion has purposely emphasized the
large areas of uncertainty concerning the functions
and properties of Hageman factor and PTA. It
is hoped that these uncertainties will disappear
when purer preparations of these factors become
available. By taking advantage of the ease with
which aluminum hydroxide adsorbs PTA we
have made considerable progress in the purification
of Hageman factor from normal plasma; our best
preparations are now at least 1,000-fold purified,
but the yields are poor. No such progress has
been made in the purification of PTA; all attempts
have been blocked by the spontaneous activation of
this substance. As purer preparations become
available, a more meaningful analysis of the suc-
cessive steps in the coagulative process should
become possible.

SUMMARY

Methods for the partial purification of Hageman
factor and plasma thromboplastin antecedent, and
some of the properties of these substances, are de-
scribed. In the process of purification, Hageman
factor seems to be converted from an inactive to
an active form. When partially purified activated
Hageman factor and plasma thromboplastin ante-
cedent are incubated together, clot-promoting ac-
tivity evolves. Studies suggest that plasma throm-
boplastin antecedent is converted during this
procedure from an inactive to an active form by
an enzymatic process. Under certain conditions,
clot-promoting activity of an apparently identical
nature appears spontaneously in preparations of
plasma thromboplastin antecedent. Activated
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Hageman factor and activated plasma thrombo-
plastin antecedent are inhibited by diisopropyl
fluorophosphate and by a fraction of normal
plasma.

These studies are in agreement with the hy-
pothesis that activated Hageman factor initiates
clotting by an enzymatic process. The data pre-

sented may help to explain the asymptomatic na-

ture of Hageman trait.
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