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Soaps of long-chain saturated fatty acids are
said to accelerate the coagulation of mammalian
plasma (1-6). Concentrations of soaps compara-
ble to the concentration of free fatty acids found
in human plasma shorten the recalcified clotting
time and accelerate the formation of artificial
thrombi in vitro (5, 6). Whether the free fatty
acids normally present in human plasma serve a
physiologic function in hemostasis is yet to be
determined.

The mechanisms through which soaps of fatty
acids promote clotting have not yet been clarified.
Connor (6) proposed that soaps act to initiate
clotting, behaving in a manner analogous to glass.
Thus he believes that soaps, like glass, activate
Hageman factor, an agent present in mammalian
plasma. The experiments to be reported here do
not support this view. They imply, on the con-
trary, that soaps probably act in a unique way by
accelerating the formation of activated plasma
thromboplastin antecedent (activated PTA) from
its precursor, plasma thromboplastin antecedent
(PTA), whether by activated Hageman factor or
"spontaneously." Although the concentrations of
free fatty acids in plasma may be abnormally high
under conditions in which intravascular thrombo-
sis is likely to occur (7, 8), the studies to be de-
scribed do not provide evidence for a causal re-
lationship.

METHODS

All studies were performed with blood, plasma, or
plasma fractions that had been collected or prepared in
silicone-coated tubes. Unless otherwise noted, direct
contact with glass or similar clot-promoting substances
was avoided.

* This study was supported in part by U. S. Public
Health Service research grant H1661C, National Insti-
tutes of Health, and in part by a grant from the Ameri-
can Heart Association.

t American Heart Association Research Fellow in
Medicine.

4 Career Investigator, American Heart Association.

Venous blood was drawn from the antecubital veins
of normal subjects or from patients with various heredi-
tary coagulative disorders. No. 18-gauge needles coated
with Siliclad1 and glass syringes coated with silicone2
were used.

Platelet-deficient citrated plasma was prepared from
blood to which one-ninth vol of 0.13 M trisodium citrate
had been added (9) unless otherwise noted. Heated, ad-
sorbed plasma was prepared by mixing 10 vol of plasma
with 1 vol of aluminum hydroxide gel.3 This mixture
was placed in a Lusteroid container in a 56° C water
bath for a hour and then centrifuged for 5 minutes at
3,700 X g in an International refrigerated centrifuge
(PR-2) at 2° C. The supernatant plasma was decanted
from the precipitated gel. Normal human plasma, pre-
pared in this manner, is deficient in all known clotting
factors except PTA (Factor XI) and Hageman factor
(Factor XII) (9). Native plasma, free of extrinsic
anticoagulants, was prepared by the method of Conley,
Hartmann, and Morse (10). Plasma prepared this way
remained fluid in silicone-coated tubes at 370 C from 40
minutes to more than 48 hours.

Crude PTA was prepared by a previously described
method from citrated plasma deficient in Hageman fac-
tor (9). Freshly prepared, the PTA was largely inactive
but usually contained some activated PTA; further ac-
tivation occurred upon storage at -20° C. Partially
purified activated PTA was prepared from normal human
serum. As previously described (11), the carboxy-
methylcellulose column was washed with a volume of
0.15 M sodium acetate buffer equal to one-half of the
original serum. The elution was modified in that 800
ml of a buffer containing equal parts of 0.067 Mphosphate
buffer (pH 6.8) and 1 M sodium chloride was used
(12). Fractions were collected in 100-ml volumes and
were assayed for activated PTA (9). Those containing
the major part of the PTA activity (usually fractions
4 and 5) were combined. The fraction soluble at 33%
and insoluble at 50%o concentration of ammonium sul-
fate was prepared by addition of a solution of neutral
ammonium sulfate saturated at 40 C. The salt was

1 Clay-Adams Co., Inc. New York, N. Y.
2 General Electric Co., Waterford, N. Y.
3 Provided through the courtesy of Cutter Laboratories,

Berkeley, Calif. The concentration of aluminum hy-
droxide gel is expressed by the manufacturer as alumi-
num oxide. The gel used contained 0.6% aluminum
oxide.
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added dropwise with constant stirring until the de-
sired concentration was obtained. The precipitate was
dissolved in a volume of 0.067 M sodium phosphate buf-
fer (pH 6.8) equal to one-fiftieth of the original volume
of serum. It was dialyzed overnight against 4 L of the
same buffer and then lyophilized.

Purified activated Hageman factor was prepared from
normal human plasma by a method previously published
(13). This method utilized column chromatography with
carboxymethylcellulose and DEAEcellulose, resulting in
a product purified 3,000- to 5,000-fold with respect to se-
rum. The lyophilized preparation used contained 10%
protein; the remainder of the preparation consisted of
salts. Whether all of the Hageman factor in the prepa-
ration was in the activated form is not clear (13).

Rabbit brain thromboplastin 4 was prepared by sus-
pending 37 mg of thromboplastin per ml of 0.15 Msodium
chloride solution and warming the mixture at 450 C for
10 minutes in accordance with the manufacturer's di-
rections. The thromboplastin was used without filtra-
tion. Fatty acids were obtained 5 99 +% pure. They
were converted to their sodium salts by gentle warming
with sodium hydroxide. Before use, the soaps were di-
luted with Tris buffer or barbital-saline buffer. The
pH of the resulting mixtures was 7.4 to 7.6. The formu-
las of the fatty acids will be abbreviated according to the
formula Cx: y, in which x refers to the number of carbon
atoms and y to the number of double bonds. Calciuin
stearate (technical grade) was purchased from the manu-
facturer.6 Trisodium ethylenediaminetetraacetic acid7
was prepared by neutralizing an aqueous solution of the
disodium compound with sodium hydroxide to pH 7.0
and diluting it to the desired concentration with water.

Tris buffer (0.15 M, pH 7.4) was prepared from tris
(hydroxymethyl) aminomethane.8

Barbital-saline buffer (pH 7.4) was prepared as de-
scribed before (14). Barbital-saline-citrate buffer con-
sisted of a mixture of 85% barbital-saline buffer and
15% 0.13 M trisodium citrate solution.

Dilutions of calcium chloride were made by mixing
0.05 M calcium chloride solution in appropriate amounts
of barbital-saline buffer (0.15 M), to maintain a con-
stant ionic strength at different concentrations of cal-
cium ions.

Bovine thrombin 9 was dissolved at a concentration of
1,000 National Institutes of Health U per milliliter in bar-
bital-saline and then diluted further in barbital-saline as
needed.

The general technique for measuring the recalcified
clotting time was to add appropriate amounts of calcium

4 Difco Laboratories, Detroit, Mich.
5 From Applied Science Laboratories, State College,

Pa.
6 Fisher Scientific Company, Fair Lawn, N. J.
7 Sequestrene Na2 supplied through the courtesy of

Geigy Industrial Chemicals, New York, N. Y.
8 Sigma 121, Sigma Chemical Company, St. Louis, Mo.
9 "Tropical thrombin," Parke, Davis & Co., Detroit,

Mich.

chloride solution to plasma that had been incubated with
the substances under test. Variations of this technique
are noted with the description of each experiment.

The effect of soap on the activation of Christmas fac-
tor by activated PTA was tested by modifying a previ-
ously described two-step method (11). In this technique,
the Christmas factor in hemophilic plasma was activated
by activated PTA in the presence of calcium ions and
soap. The reaction was stopped by the addition of barbi-
tal-saline-citrate buffer. The activated Christmas factor
that had evolved was assayed, with Christmas-factor-de-
ficient plasma as a substrate.

The influence of soap on the activation of Hageman
factor by glass was determined by noting the clotting time
of a mixture of native plasma and soap in Pyrex tubes
(i.d. 11 mm) at 25° C. The effect of soap on inactive
Hageman factor was obtained by determining the clotting
time of a mixture of native plasma and soap in silicone-
coated tubes (i.d. 11 mm) at 37° C.

The prothrombin time was measured by the one-stage
method of Quick, Stanley-Brown, and Bancroft (15),
using undiluted thromboplastin and thromboplastin di-
luted 1: 100 with barbital-saline. The Russell's viper
venom time was measured by substituting Russell's viper
venom, diluted 1: 10,000 with barbital-saline, for thrombo-
plastin in the determination of the prothrombin time.
The thrombin time, that is, the clotting time of a mixture
of citrated plasma, bovine thrombin, and the substance to
be tested, was measured by a previously described method
(16). The prothrombin time, Russell's viper venom
time, and thrombin time were also measured after the
mixture to be tested had been incubated with plasma
for one or more minutes before addition of calcium or
thrombin.

All studies wsere performed in test tubes with an i.d.
of 8 mmunless otherwise noted. Clotting times were
performed in duplicate, and the average is reported.
Concentrations recorded in the tables are those of the test
substances before dilution. The data presented in the
tables are typical of those obtained in repeated experi-
ments.

RESULTS

The effect of the soaps of fatty acids upon the
*recalcified clotting time of normal plasma. The
clot-promoting effect of the sodium soaps of fatty
acids was confirmed by measuring their effect on
the recalcified clotting time of normal citrated
plasma. The soaps were incubated with plasma
for 1 or 10 minutes at 37° C before the addition
of calcium. As illustrated by the two separate
experiments in Table I, maximal acceleration oc-
curred with long-chain saturated fatty acids. In
addition to the fatty acids shown in Table I, so-
dium arachidate (C20: 0) at an initial concentra-
tion of 0.0032 mEqper L was tested in the same
way. After a preliminary incubation period of 1
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TABLE I

The effect of fatty acid soaps upon the
recalcified clotting time*

Clotting time

Fatty acid Conc. it 10t

mEqIL min
Experiment 1

Lauric C12:0 1.50 18
C12:0 0.03 16 14

Tridecanoic C13:0 1.50 15 13
C13:0 0.03 14 12

Myristic C14:0 1.50 12
C14:0 0.03 16

Palmitic C16:0 1.50 4
C16:0 0.015 15 15

Stearic C18:0 1.50 3
C18:0 0.015 9
C18:0 0.008 14 10

Linoleic C18:2 1.60 14 14
C18:2 0.03 14 12
C18:2 0.015 16 14

Buffer 25 21

Experiment 2
Myristoleic C14: 1 1.88 20 17
Palmitoleic C16: 1 1.72 18 14
Oleic C18: 1 1.76 16 12
Linoleic C18:2 1.60 15 12

C18:2 0.80 13
Linolenic C18:3 1.40 15 13
Buffer 19 17

*Mixtures of 0.2 ml of citrated normal plasma and 0.1 ml of Tris
buffer or soap were incubated in silicone-coated tubes at 370 C for
1 minute or 10 minutes. Then 0.1 ml of 0.04 Mcalcium chloride solu-
tion was added to each tube. The tubes were then tilted once a minute
until clotting occurred.

t Minutes of preliminary incubation.

minute, this soap shortened the clotting time of
normal plasma to 6 minutes, compared with 10
minutes in its absence. In contrast, soaps of
short-chain saturated or long-chain unsaturated
fatty acids either were much less active or did
not shorten the recalcified clotting time. In this
system, the more active soaps were effective at
concentrations comparable to the concentration of
free fatty acids found in normal plasma (17).

The effect of soaps on the middle and later
stages of coagulation. A series of experiments was
performed to determine the site of action of the
clot-promoting soaps. Most of these studies were
carried out with sodium arachidate. This soap,
at an initial concentration of 0.0032 mEq per L,
did not alter the rate at which fibrinogen was con-
verted to fibrin by bovine thrombin, as tested by
the thrombin time. One-tenth ml of soap (0.0032
mEq per L) incubated with 0.2 ml of normal ci-
trated plasma for 5 minutes before the addition of
0.1 ml bovine thrombin (2.5 U per ml) resulted
in a clotting time of 76 seconds, as compared to 71

seconds for the buffer control. Nor did it alter the
rate at which prothrombin was converted to throm-
bin in the presence of tissue thromboplastin or
Russell's viper venom (Table II). These experi-
ments suggested that the effect of soaps was earlier
in the clotting process, perhaps affecting the rate
at which thromboplastin-like activity evolved in
the plasma.

The effect of soaps on the early stages of coagu-
lation. Connor suggested that the coagulant ac-
tion of soaps was mediated by their effect upon
Hageman factor (6). To test this hypothesis,
normal plasma was adsorbed with aluminum hy-
droxide and heated at 56° C for 30 minutes; these
procedures inactivate or remove all the recognized
clotting factors except Hageman factor and PTA.
A mixture of such adsorbed, heated citrated plasma
and sodium arachidate, incubated for 9 minutes in
silicone-coated tubes, evolved clot-accelerating
activity, as tested by its effect upon the recal-
cified clotting time of normal plasma. In con-
trast, no such activity appeared when soap was in-
cubated with heated, adsorbed plasma deficient in
either Hageman factor or PTA (Table III).
Similar results were obtained when each experi-
ment was performed six other times. The same
lack of activity was found when soap was added to
untreated plasma deficient in either of these factors.

PTA-deficient plasma contains inactive Hage-
man factor. Presumably, then, the clot-promoting
effect of soaps cannot be attributed solely to ac-
tivation of this factor. Nor did soaps seem to

TABLE II

The effect of arachidic acid soap upon the prothrombin
and Russell's viper venom times*

Clotting time

Test substances Ot lt

seconds
Undiluted thromboplastin + soap 19 18
Undiluted thromboplastin + buffer 20 19
Thromboplastin 1:100 + soap 38 36
Thromboplastin 1: 100 + buffer 37 36
Russell's viper venom 1:10,000 + soap 44 44
Russell's viper venom 1:10,000 + buffer 43 44

* One-tenth ml of citrated normal plasma and 0.1 ml of
Tris buffer or sodium arachidate (0.0032 mEqper L) were
incubated in silicone-coated tubes for 0 or 1 minute at
370 C. Then 0.1 ml of thromboplastin or Russell's viper
venom and 0.1 ml of 0.025 Mcalcium chloride were added,
and the clotting time was determined.

t Minutes of preliminary incubation.
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TABLE III

The effect of arachidic acid soap upon treated normal and
abnormal tlasmas*

Clotting time

Preliminary incubation mixture C20:0t Buffer

min
Heated, adsorbed normal

plasma 7 11

Heated, adsorbed Hageman-
factor-deficient plasma 19 19

Heated, adsorbed PTA-
deficient plasma 18 19

* One-tenth ml of plasma was incubated with 0.1 ml of
Tris buffer or sodium arachidate for 9 minutes in silicone-
coated tubes at 370 C. Then 0.1 ml of 0.04 M calcium
chloride and 0.1 ml of normal plasma were added. The
tubes were then tilted once a minute until clotting occurred.

t At 0.0032 mEq per L.

alter the activity of Hageman factor when incu-
bated with this substance before their addition of
plasma deficient in Hageman factor (Table IV).
Similarly, these studies suggest that soaps are

without effect upon inactive PTA in plasma. The
experiments next to be described, however, indi-
cate that soaps may influence the rate at which
PTA is activated, either by Hageman factor, or

''spontaneously.."
The effect of soaps on activation of PTA by ac-

tive Hageman factor. The soaps of long-chain
saturated fatty acids were incubated with a mix-
ture of purified activated Hageman factor and
crude PTA (Table V). This mixture was then
tested for its effect upon the recalcified clotting
time of PTA-deficient plasma. In confirmation of
earlier studies, clot-promoting activity evolved
when activated Hageman factor was incubated
with PTA, an effect previously attributed to the

TABLE IN'

The effect of stearic acid soap upon
purified activated Hageman factor*

Clotting time

Preliminary incubation mixture 2t lot

min
Soap + purified activated Hageman factor 17 16

Buffer + purified activated Hageman factor 18 17

* One-tenth ml of purified activated Hageman factor (0.3 jug pro-
tein per ml) and 0.1 ml of Tris buffer or sodium stearate (0.75 mEqper
L) were incubated in silicone-coated tubes at 370 C. Then 0.1 ml of
0.025 M calcium chloride and 0.1 ml of Hageman-factor-deficient
plasma were added. The tubes were then tilted once a minute until
clotting occurred.

t Minutes of preliminary incubation.

TABLE V

The effect of stearic acid soap upon the action of activated
Hageman factor upon plasma thromboplastin antecedent

(PTA )*

Clotting time
Preliminary incubation

mixture 0t 2t 10t 20t 30t 90t

min
Activated Hageman factor +

PTA + soap, 0.06 mEq/L 22 18 9 7
Activated Hageman factor +

PTA +soap, 0.015 mEq/L 23 19 12 10 9

Activated Hageman factor +
PTA + soap, 0.008 mEq/L 24 20 13 II 10

Activated Hageman factor +
PTA +buffer 24 23 17 15 13 It

* Five-hundredths ml of purified activated Hageman factor (6.3 fig
protein per ml) and 0.05 ml of Tris buffer or sodium stearate and 0.1 ml
of crude PTA diluted 1:20 in barbital saline were incubated in silicone-
coated tubes at 370 C. Then 0.1 ml of 0.025 Mcalcium chloride and
0.1 ml of PTA-deficient plasma were added. The tubes were then tilted
once a minute until clotting occurred.

t Minutes of preliminary incubation.

activation of PTA (9). The presence of soap in
the incubation mixture accelerated this reaction.
Similar results were obtained when this experi-
ment was performed eleven other times. The ac-
celerating effect was temperature dependent. Af-
ter preliminary incubation for 10 minutes at 0° C,
no acceleration could be noted in this test system;
at 150 C, suboptimal acceleration occurred. The
effect of soap was apparently upon the activation
of PTA, rather than upon activated PTA. If
soap was added to activated Hageman factor and
crude PTA after the period of preliminary incu-
bation, no increase in clot-promoting activity was
demonstrated (Table VI). Moreover, the incu-
bation of partially purified activated PTA with
soap had no effect upon the coagulation of PTA-

TABLE VI

The effect of stearic acid soab ubon Hageman-
factor-activated PTA*

Clotting time
Substance added after
oreliminary incubation 2t lot 30t 90t

min
Soap, 0.06 mEq/L 22 17 13
Soap, 0.015 mEq/L 22 17 13 12
Buffer 23 18 13 12

* Five-hundredths ml of purified activated Hageman
factor (6.3 ,gg protein per ml) and 0.1 ml of crude PTA
diluted 1:20 in barbital saline were incubated in silicone-
coated tubes at 370 C. Then 0.05 ml of Tris buffer or
sodium stearate, 0.1 ml of 0.025 Mcalcium chloride, and
0.1 ml of PTA-deficient plasma were added. The tubes
were then tilted once a minute until clotting occurred.

t Minutes of preliminary incubation.
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I TABLE VII

The effect of stearic acid soap upon partially
purified activated PTA*

Clotting time
Preliminary incubation

mixture 0t 10t

min
Soap + activated PTA 16 19
Buffer + activated PTA 16 19

* One-tenth ml of partially purified activated PTA (0.3
pug protein per ml) and 0.1 ml of Tris buffer or sodium
stearate (0.75 mEq/L) were incubated in silicone-coated
tubes at 370 C. Then 0.1 ml of 0.025 Mcalcium chloride
and 0.1 ml of PTA-deficient plasma were added. The
tubes were then tilted once a minute until clotting occurred.

t Minutes of preliminary incubation.

deficient plasma (Table VII), or upon the acti-
vation of Christmas factor in hemophilic plasma
(Table VIII).

The soaps of long-chain saturated fatty acids
were also incubated with a mixture of purified
activated Hageman factor and Hageman-factor-
deficient plasma. This plasma served as a source
of inactive PTA. The recalcified clotting time of
the mixture was then determined (Table IX).
Clot-promoting activity evolved, and the presence
of soap in the incubation mixture accelerated this
reaction.

The effect of soaps on crude PTA. The ex-
periments described can be interpreted to mean
either that soaps accelerate the activation of PTA
by activated Hageman factor, or that they activate
PTA directly. Previously, we had noted that

TABLE VIII

The effect of stearic acid soap upon the activation of Christmas
factor by PTA*

Clotting time
Test sub-

stance added 0t 4t lot 16t

min
Soap 8.0 5.5 5.0 5.5
Buffer 8.0 6.0 5.5 5.5

* Five-tenths ml of citrated hemophilic plasma, 0.5
ml of partially purified activated PTA (0.08 /Ag protein per
ml), 0.5 ml of 0.01 Mcalcium chloride, and 0.5 ml barbital-
saline buffer or sodium stearate (2.0 mEq per L) were in-
cubated in silicone-coated tubes at 370 C. At intervals,
0.4 ml was transferred by silicone pipettes to silicone-
coated tubes containing 0.7 ml barbital-citrate-saline.
Then 0.1 ml of this resulting mixture, 0.1 ml of citrated
Christmas-factor-deficient plasma, and 0.1 ml of 0.04 M
calcium chloride were mixed in silicone-coated tubes.
The tubes were then tilted every one-half minute until
clotting occurred.

t Minutes of preliminary incubation.

crude PTA, prepared by elution from carboxy-
methylcellulose, became active spontaneously in
the absence of added activated Hageman factor
(9).

One-tenth ml crude PTA, incubated for 10 min-
utes in silicone-coated tubes with 0.1 ml sodium
stearate (0.75 mEqper L), had a marked accele-
rating effect upon the recalcified clotting time of
PTA-deficient plasma, as demonstrated by a clot-
ting time of 5 minutes, compared to 11 minutes
when buffer was substituted for the soap. This
experiment was repeated twelve times, and the
same qualitative result was obtained on each oc-
casion. If the soap was added to crude PTA af-
ter the preliminary incubation period, acceleration

TABLE IX

The effect of stearic acid soap upon the action of activated
Hageman factor upon Hageman-factor-deficient plasma*

Clotting time

Preliminary incubation mixture it It 2t St 10t

min
Activated Hageman factor

+ soap, 0.6 mEq/L 8 8 6 7 7
Activated Hageman factor

+ buffer 12 10 8 9 10

* Two and two-tenths ml of Hageman-factor-deficient
plasma, 1.1 ml barbital-saline or sodium stearate, and 1.1
ml purified activated Hageman factor (2.5 pg protein per
ml) were incubated in silicone-coated tubes at 370 C. At
intervals, 0.4 ml of this mixture was transferred in dupli-
cate with silicone-coated pipettes to silicone-coated clot-
ting tubes. Then 0.1 ml of 0.04 M calcium chloride was
added, and the tubes were tilted once a minute until
clotting occurred.

t Minutes of preliminary incubation.

did not occur. The effect of soaps upon crude
PTA was confirmed in experiments in which
Hageman-factor-deficient plasma was the substrate
in a similar test system. When crude PTA and
sodium stearate (1.0 mEqper L) were incubated
for 10 minutes, the mixture shortened the recal-
cified clotting time of Hageman-factor-deficient
plasma from 52 to 14 minutes, indicating again
that the effect of soaps did not require the pres-
ence of Hageman factor.

The effect of soaps on the initiation of clotting
of native plasma in silicone-coated and glass tubes.
From the preceding experiments, one would an-
ticipate that the clotting time of native plasma
either in silicone-coated or in glass tubes would
be shortened by the addition of soap. In fact.
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however, under these conditions clotting was not
accelerated (Table X). The difference between
the effect of soaps upon native plasma or ci-
trated plasma may relate to the concentration of
calcium at the time the soap was added. Cal-
cium chloride solution added to citrated plasma
before the addition of soaps inhibited their clot-
promoting effect (Table XI). This explanation
may not be entirely satisfactory. Although the
final concentration of calcium (0.0017 M) needed
for inhibition in the preliminary incubation mix-
ture was lower than that normally found in hu-
man plasma, the inhibition was not complete.

Nevertheless, calcium stearate suspended in
barbital-saline buffer at an initial concentration of
2 mEq per L did not accelerate clotting signifi-
cantly. After a preliminary incubation period of
5 minutes, the recalcified clotting time of a mix-
ture of normal plasma and calcium stearate was 15
minutes, whereas that of normal plasma alone was

19 minutes. The same plasma mixed with an

equivalent concentration of sodium stearate clotted
in 3 minutes when tested in the same way.

Failure to demonstrate an accelerating effect of
soaps on Christmas factor activation might have
resulted from this inhibition by calcium ions,
which are a necessary part of this experiment.
The ratio of soap concentration to calcium con-

centration, however, should have been sufficient
to permit the soaps to remain effective. There-
fore, artifactual inhibition by added calcium ions
should not have occurred.

The recalcified clotting time of normal plasma
prepared from blood to which one-ninth vol of
0.05 M trisodium ethylenediaminetetraacetic acid

TABLE X

The effect of stearic acid soap upon the clotting time oj

native plasma*

Clotting time

Glass Silicone
Test mixture (25° C) (370 C)

min hours
Native plasma + soap 11 >24
Native plasma + buffer 10 >24

* One-tenth ml of sodium stearate (2.0 mEqper L) or bar-
bital-saline buffer and 2.2 ml of native plasma were mixed
together in silicone-coated tubes. Then 0.5 ml was trans-
ferred by silicone-coated pipettes to Pyrex or silicone-
coated tubes (i.d. 11 mm), and the clotting time was deter-
mined.

TABLE XI

The effects of calcium upon the accelerating
action of soaps*

Clotting time

Ca concentrationt C18:0 Buffer

M min
0 (buffer) 8 17
0.001 7 19
0.002 10 21
0.005 16 19
0.010 15 17
0.015 13 16
0.020 14 18
0.025 14 15

* Five-hundredths ml of purified activated Hageman
factor (3.1 ,ug protein per ml), 0.1 ml of varying concen-
trations of calcium chloride, 0.05 ml of Tris or sodium
stearate (1.5 mEqper L), and 0.1 ml of crude PTA diluted
1:10 in barbital-saline were incubated in silicone-coated
tubes for 10 minutes at 370 C. Then 0.1 ml of calcium
chloride in concentration sufficient to raise the total con-
centration of calcium to 0.025 Mand 0.1 ml of PTA-defici-
ent plasma were added. The tubes were then tilted once
a minute until clotting occurred.

t Of volume added to preliminary concentration mixture.

had been added was tested to determine if citrate
influenced the clot-promoting effect of soaps. Af-
ter a preliminary incubation period of 5 minutes,
sodium stearate at an initial concentration of 2
mEq per L shortened the clotting time from 45
to 7 minutes. Thus, the clot-promoting effect of
sodium stearate was manifest when calcium ions
were chelated not only to citrate but also to ethyl-
enediaminetetraacetic acid.

DISCUSSION

Attempts to establish the existence of a "hy-
percoagulable" state in thrombotic disease-that
is, an increased propensity for the blood to clot-
have met with dubious success (18-20). Since
disturbed lipid metabolism has been associated
with such disorders (21), efforts have been made
to relate alterations in the lipid constituents of
plasma to the pathogenesis of thrombosis. Thus,
Connor and Poole (5, 6) demonstrated that so-
dium soaps of long-chain saturated fatty acids
dramatically accelerated the recalcified clotting
time of whole blood in silicone-coated tubes or in
rotating plastic loops. The concentrations of fatty
acids that were effective were of the same order
of magnitude as those found in normal human
plasma. These data suggested that elevations in
the concentration of free fatty acids in plasma
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niight be important in the genesis of intravascular
thrombosis. Since the sodium soaps did not ac-

celerate the clotting of duck blood, which lacks
detectable Hageman factor (22), Connor attrib-
uted their effect upon mammalian blood to the ac-

tivation of this substance. He interpreted the ac-

tion of soaps to be analogous to that of glass and
similar surfaces known to initiate clotting by ac-

tivating Hageman factor (6). Connor's interpre-
tation has been supported by Mibashan and Didi-
sheim (23) and by Margolis (24).

In the present study, the clot-promoting prop-

erties of the soaps of long-chain saturated fatty
acids were confirmed by testing their effect upon

the recalcified clotting time of human citrated
plasma. Suitable studies demonstrated that the
site of action of the soaps was not upon Hageman
factor, as had been postulated, but rather upon

PTA, a substance also deficient in duck plasma
(25). The soaps appear to accelerate the activa-
tion of PTA. Previously, PTA has been shown
to be activated in vitro by activated Hageman fac-
tor or "spontaneously" (9). The effect of soaps

was demonstrable either if activated Hageman fac-
tor was added to inactive PTA, or if the PTA
had undergone partial activation "spontaneously."
On the other hand, the soaps appeared to be with-
out effect upon inactive PTA. At first glance,
this view may seem paradoxical, since soaps ac-

celerated the clotting of normal platelet-deficient
plasma collected and tested in silicone-coated ap-

paratus. In fact, however, such plasma always
clotted upon recalcification in the absence of added
soaps under the conditions of our studies. Thus,
these normal plasmas either contained some ac-

tivated PTA, or this activity generated during
the course of the experiment.

The contrary view, that soaps activate Hage-
man factor, was supported by Margolis by ex-

periments with plasma deficient in this substance
(24). Margolis showed that the clot-promoting
effect of soaps could be partially inhibited by mix-
ing the soap for 30 seconds with Hageman-factor-
deficient plasma before the addition of normal
plasma. He interpreted these experiments to
mean that the Hageman-factor-deficient plasma,
known to contain inhibiting properties (22), spe-

cifically blocked the action of soaps upon the Hage-
man factor contained in the normal plasma. We
have been able to confirm these experiments but

find in addition that the action of soaps can be in-
hibited equally by plasma deficient in PTA but
not in Hageman factor. Whatever the mecha-
nism through which these inhibitions occurred,
then, they did not seem to depend upon the ab-
sence of Hageman factor. Interestingly, plasma
obtained from patients with classic hemophilia or
Christmas disease did not inhibit the action of
soaps (26). The mechanism through which
soaps manifest their action upon PTA is unknown.
Whether this effect is related to micelle formation
as postulated by Connor (6) was not determined.
Nor is it necessary that their action be directly
upon the PTA molecule. Equally plausible is an
action upon a clotting factor, not yet recognized,
mediating the activation of PTA by activated
Hageman factor.

Connor and Poole were aware that the maximal
clot-promoting effect of soaps upon citrated whole
blood could not be demonstrated unless a minute
elapsed before the mixture was recalcified (5).
In our own experiments, no clot-promoting ac-
tivity was detectable when the soaps were added to
native plasma, that is, plasma that had not been
decalcified. Moreover, when calcium chloride
solution was added to the soaps of saturated fatty
acids before the addition of plasma, the clot-pro-
moting effect of the soaps was reduced. Similar
results have been reported by Margolis (24). In
our experiments, calcium did not inhibit com-
pletely the procoagulant action of soaps. The
presence or absence of calcium ions, therefore, may
not be the sole determinant for the difference in
behavior of soaps upon native plasma as opposed
to citrated plasma. How calcium ions inhibit the
effect of soaps was not learned. The fact that
calcium stearate was shown not to accelerate
clotting significantly provides evidence for one
explanation, that is, that calcium ions react with
sodium soaps to form inactive calcium soaps, a
view previously expressed by Margolis (24).

Tests to determine whether soaps influenced
the activation of Christmas factor by activated
PTA were performed in the presence of calcium
ions, since these are needed for this step to pro-
ceed (11). The inhibitory effect of calcium ions
upon the action of sodium soaps suggested that
our systems could not detect an influence of soaps
upon the activation of Christmas factor. In fact,
however, soaps were without effect upon the ac-
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tivation of Christmas factor when tested in the
presence of calcium ions at a concentration below
that which was inhibitory (Table VIII). These
observations make it unlikely that the techniques
used masked an effect of soaps upon the activation
of Christmas factor.

The effect of soaps upon the activation of PTA
may help illuminate the puzzling problem of the
asymptomatic nature of Hageman trait. In this
disorder, the plasma lacks detectable Hageman fac-
tor, and gross abnormalities of clotting are readily
detectable in vitro. Nonetheless, patients with
Hageman trait have few if any evidences of a he-
mostatic defect. Hageman factor, once activated,
apparently initiates clotting in glass tubes by ac-
tivating PTA. Previously, partially purified prep-
arations of PTA have been found to have under-
gone "spontaneous" activation in the absence of
added activated Hageman factor. Thus, an al-
ternative pathway for the initiation of clotting,
not necessarily dependent upon the presence of
Hageman factor, may exist. The present study,
in which the soaps of long-chain saturated fatty
acids accelerate the activation of PTA in the ab-
sence of added Hageman factor, supports this view.
Presumably, from the evidence presented, such
an alternate pathway would not be dependent
upon the action of soaps in vivo. Nevertheless,
these observations fortify the view that hemosta-
sis in patients with Hageman trait is dependent
upon the existence of alternative ways of activating
PTA.

These experiments, then, confirm the clot-pro-
moting effect of soaps and localize their action to
the activation of PTA. What significance these
observations have for the pathogenesis of throm-
botic states is uncertain. The failure of soaps to
accelerate the clotting of native plasma makes it
seem doubtful that the free fatty acids of human
plasma are of importance in the development of
intravascular thrombi. The possibility is by no
means ruled out, since large increases in concen-
tration of free fatty acids in localized areas may oc-
cur and conceivably overcome inhibition to any
clot-promoting effect.

SUMMARY

The in vitro procoagulant effect of the sodium
soaps of long-chain saturated fatty acids appears

to be due to acceleration of the activation of plasma
thromboplastin antecedent (PTA). The presence
of Hageman factor was not necessary for this ef-
fect, suggesting that alternate pathways for the
activation of PTA exist. Calcium chloride solu-
tion partially inhibited the acceleration by soaps.
The data presented suggest that the clot-promot-
ing properties of the soaps are unlikely to be sig-
nificant under the conditions present in circulating
blood. Thus, the concept that the free fatty acids
of human plasma are of importance in the de-
velopment of intravascular thrombi seems doubtful.
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