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The one abnormality constantly found in hemo-
philia is an inability of the blood to coagulate in
a normal manner. This defect is demonstrable
usually by a prolonged clotting time, which in
turn determines the various manifestations of the
disease. Further understanding of this disease
depends, therefore, upon knowledge of the cause
of the prolonged clotting time. Most investiga-
tions of the blood clotting mechanism in hemo-
philia have been made with methods involving the
recalcification of oxalated or citrated plasma, and
have been interpreted in terms of the several the-
ories of blood coagulation. In the present study
this approach to the problem has been abandoned
for two reasons: (1) the recalcification of plasma
is an artificial, indirect procedure which may not
reflect physiological changes; (2) the theories of
blood coagulation, with their varied nomenclature,
possibly have served to confound rather than to
clarify understanding of this disease.

The present study is based upon the well recog-
nized observation that transfusion with normal
blood reduces the clotting time of whole blood in
hemophilia. It was assumed, therefore, that nor-
mal blood contains a substance which either sup-
plies a clotting factor lacking from hemophilic
blood or which counteracts a mechanism inhibiting
coagulation of the blood in hemophilia. The
analysis of the nature of this substance or sub-
stances contained in normal blood has been the
aim of these observations. Since such inquiry
has been made by many workers, certain of the
observations recorded here are repetitious of other
studies in this field. However, these differed in
methods, concepts, or interpretations from the
present work. A critical evaluation of the views
of other investigators will be reserved for later
discussion.

METHODS

Normal blood was obtained by venipuncture and was
mixed gently with such an amount of 2.5 per cent sodium

citrate in distilled water that the final concentration was
0.25 per cent. Conditions for the observation of clotting
times were kept rigidly uniform. Acid-cleaned test tubes
100 X 12 mm. were used. The test blood or blood con-
stituent was pipetted to the bottom of the tube, which
had been freshly rinsed with 0.85 per cent solution of
sodium chloride. Hemophilic blood was then obtained by
venipuncture, the needle of the syringe removed, and
exactly 2 cc. added to the tube containing the test mate-
rial-discarding, however, the last three or four cubic
centimeters of blood in the syringe. Control clotting
times were made by adding hemophilic blood to tubes
containing normal saline in amounts similar to the test
material. The adding of hemophilic blood in this man-
ner provided adequate mixing. Shaking the tubes was
avoided, since such agitation provoked irregular re-
sponses. The tubes were then immersed directly in a
water bath at 370 C. After five minutes and at intervals
thereafter, they were examined by gently tilting in order
to see if the surface had jelled sufficiently to sustain the
blood when the tube was inverted. The time after veni-
puncture at which this occurred was read as the clotting
time. With such precautions a remarkably close check
was obtained with duplicate observations, which invari-
ably were made.

Except when otherwise stated, this procedure was fol-
lowed in the experiments to be described, and henceforth
will be referred to as "standard technique." It is es-
sential, in making comparative readings on clotting time
to have uniformity in the size of the tubes, in the amount
of blood, and in the temperature. It is essential also
that the syringe be clean and well rinsed with saline,
and that the venipuncture be directly successful. Admix-
ture with tissue juice, as in puncture by " second inten-
tion," may give falsely reduced clotting times. We be-
lieve that in such studies it is desirable to make obser-
vations on patients with decidedly protracted clotting
time, so that any reduction in time may be considerable.
A clotting time of one to two hours at 37° C. may be
the equivalent of 5 to 10 hours at room temperature,
and whereas duplicate tests done at room temperature
may be widely variant, those done at 370 C. agree within
a few minutes of one another. For the sake of brevity
and simplicity, only a few characteristic observations
out of many are reported in this paper.
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I. Studies with whole blood
Effect on clotting time of hemophilic blood of

adding citrated normal blood in vitro. When
varying amounts of citrated normal blood were
added to 2 cc. of fresh hemophilic blood, it was
found that as little as 0.05 cc. of normal blood,
or a dilution of 1: 40, was optimally effective in
reducing the clotting time of the hemophilic blood
(Table I). Therefore greater dilution was tried

TABLE III

Observations on clotting time after adding graded amounts of
citrated hemophilic blood to 2 cc. of normal blood *

Clotting
time

minutes
2 cc. normal blood 11
2 cc. normal blood + 0.03 cc. hemophilic blood.... 12
2 cc. normal blood + 0.05 cc. hemophilic blood.... 11

* Hemophilic blood had clotting time of 2 hours.

TABLE I

Observations on clotting time after adding citrated normal
blood to 2 cc. of hemophilic blood in standard tubes

(100 X 12 mm.)

Clotting times
Citrated

normal blood
Case I Case II Case III

cc. minutes minutes minutes
0.0 28 90 29
0.05 7 7 9
0.1 6 7 9
0.2 7 6 9

by adding like amounts of normal blood to 4 cc.
of hemophilic blood. For this purpose, larger
tubes, 110 X 14 mm. were necessary in place of
the usual standard tubes. Here, too, the smallest
amount of normal blood added was optimally ef-
fective in reducing the clotting time of hemophilic
blood, even though the ratio of volumes between
normal and hemophilic blood was 1: 200 (Table
II).

TABLE II

Observations on clotting time after adding citrated normal
blood to 4 cc. of hemophilic blood in larger tubes

(110 X 14 mm.)

Clotting times
Citrated

normal blood
Case I Case II Case III

cc. minutes minutes minutes
0.0 170 60 90
0.02 20 23 27
0.05 15 23 16
0.1 15 30 22

The effect on the clotting time of normal blood
of adding citrated hemophilic blood ix vitro. In
each of several standard tubes were pipetted
graded amounts of citrated hemophilic blood.
Thereupon 2 cc. of normal blood were added to
each tube. However, the clotting time of the nor-

mal blood remained unchanged (Table III).

Effect of adding citrated hemophilic blood to
another hemophilic blood in vitro. In each of
several standard tubes were pipetted (a) graded
amounts of citrated hemophilic blood whose clot-
ting time was 35 minutes, and (b) in another
series of tubes were pipetted similar amounts of
citrated hemophilic blood with a clotting time of
105 minutes. To each of the tubes was then
added 2 cc. of the control or test hemophilic blood
whose clotting time was 25 minutes. No sig-
nificant change in the latter's clotting time oc-
curred (Table IV).

TABLE IV

Observations on clotting ime of hemophiic blood after adding
graded amounts of another hemophilic blood *

Clotting
time

minutes
2 cc. control hemophilic blood .................... 25
2 cc. control hemophilic blood + 0.03 cc. hemophilic

blood A.. 25
2 cc. control hemophilic blood + 0.05 cc. henmophilic

blood A.. 25
2 cc. control hemophilic blood .0.03 cc. henmophilic

blood B.. 30
2 cc. control hemophilic blood + 0.05 cc. hemophilic

blood B .................................... 30

* Hemophilic blood A had clotting time of 35 minutes.
Hemophilic blood B had clotting time of 105 minutes.

Effect of transfusion with normal citrated blood
ott the clotting time of hemophilic blood. Normal
blood, when transfused into patients with hemo-
philia, abruptly reduced the clotting time. This
occurred with amounts as small as 30 cc. anid the
effect could be detected five to ten minutes after
transfusion. As in the test tube, whether this
normal blood represented to the patient's calcu-
lated blood volume a ratio of 1: 8 or 1: 53, an
approximately equivalent reduction in clotting
time was observed. The smaller amounts, how-
ever, provided usually a more transient effect than
the larger amounts. The clotting time gradually
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FIGURE 1. OBSERVATIONSON THE CLOTTING TIME OF HEMOPHILIC BLOODAFTER TRANSFUSIONWITH
VARYING AMOUNTSOF CITRATED NORMALBLOOD (CASE I).

increased, in most instances reaching and surpass-

ing the initial level in three to four days. Nor-
mal citrated blood kept three days at ice-box tem-
perature (5 to 100 C.) was equally effective
(Figures 1 and 2).

There is a substance in normal blood which in
small quantity effectively reduces the clotting time
of hemophilic blood, both in vitro and in vivo.
This substance is stable at ice-box temperature.
Since the addition of hemophilic blood to normal
blood does not prolong the clotting time of normal
blood, it appears that the defective coagulation in
hemophilia is not due to an inhibitory agent.
Since the addition of one hemophilic blood to an-

other did not alter the clotting of the control or

test blood, it may be assumed that the previous
changes observed on the addition of normal blood
were specific and were not due to the mechanical
admixture of two blood samples.

II. Studies uith blood components

Comparison of blood, plasma, and serum in
vitro. Comparison was made of equivalent
amounts of citrated normal blood, plasma, and
serum in their clot-accelerating action on hemo-
philic blood. Normal blood was obtained by veni-
puncture. One portion of this was citrated by

standard technique. A second portion was ci-
trated, then centrifuged immediately at 1,500
r.p.m. for 20 minutes, and the plasma removed.
A third uncitrated portion was allowed to clot at
room temperature, then centrifuged immediately
at 1,500 r.p.m. for 20 minutes, and the serum re-
moved. Manipulation was done by sterile tech-
nique. Tests were made at varying intervals of
time of the relative potency of these portions in
reducing the clotting time of hemophilic blood.
When not in use, the blood, plasma, and serum
were kept at ice-box temperature. Tests were
nmxade by pipetting 0.1 cc. of citrated normal blood,
0.05 cc. of plasma or of serum to the bottom of
standard tubes. To each of these were added 2
cc. of fresh hemophilic blood. It is evident from
the data given in Table V that whole blood was
the most effective in reducing the clotting time
of hemophilic blood, that plasma was slightly less
so, and that serum, although somewhat active
when fresh, lost its potency after several days.

Effect of transfusion with normal serum on the
clotting time of hemophilic blood. The intra-
venous injection of serum was done twice. In
one case the normal blood was allowed to clot at
room temperature, and after removal and Berke-
feld filtration, the serum was kept at ice-box tem-
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FIGURE 2. OBSERVATIONSON THE CLOTTING TIME OF HEMOPHILIc BLOOD
AFTER TRANSFUSION WITH VARYING AMOUNTSOF CITRATED NORMALBLOOD
(CASE II) .

TABLE V

Observations on clotting time of hemophilic blood after adding
citrated normal blood, plasma, and serum in equivalen

amounts at varying intervals of time

Clotting time

Case Age of test
number Chemophic 0.1 cc. 0.05 cc. 0.05 cc.

matenal

blood blood plasma serum

minutes minutes minutes minutes
I 105 14 26 32 2 hours

105 12 14 35 4 days
100 15 26 38 8 days
60 25 28 80 11 days

II 150 14 26 32 2 hours
150 20 25 55 2 days
130 11 12 60 4 days
130+ 15 27 130+ 8 days

perature for four days. Intravenous injection of
this serum to a patient with hemophilia was fol-
lowed by no reduction of clotting time. In a

second case a similar procedure was performed
with normal serum which had formed at ice-box
temperature and had remained in contact with the
clot for two days. After Berkefeld filtration, this
serum was injected intravenously on the third

day. No change in clotting time of hemophilic
blood occurred (Table VI). In vitro studies
made with these sera according to standard tech-
nique were likewise negative.

TABLE VI

Observations on clotting time of hemophilic blood after
transfusion with aged normal serum

Clotting time

A* B*

minutes minutes
Before injection ...................... 30 180
2 hours after injection ................. 33 180
4 hours after injection ................. 35 120
8 hours after injection ................. 120

* (A) 100 cc. serum 3 days old. (B) 35 cc. serum 4
days old.

These findings are in contrast to the action of
fresh serum injected intravenously, as noted also
by Addis (6a) and likewise in contrast to our in
vitro studies with fresh serum, which had the
ability to hasten clotting of hemophilic blood.

Thus, whereas this clot-accelerating factor was
stable in both blood and plasma, the serum effect
was peculiarly labile. Attention, therefore, was
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directed to the plasma and its constituents, since
preliminary studies indicated that its activity more
closely paralleled that of whole blood.

In vitro studies with plasma subjected to filtra-
tion and protracted centrifugation. Fresh normal
blood, obtained by venipuncture, was placed di-
rectly in paraffin-lined centrifuge tubes containing
sodium citrate. Plasma was removed by standard
technique, with the exception that all materials
used in the manipulation were paraffin-coated. A
portion of the plasma was kept whole, and a sec-
ond portion was filtered through six thicknesses
of number 42 filter paper. Of these portions one-
half was centrifuged at 3,000 r.p.m. for 45 min-
utes, and the top layer used for testing. In con-
trast to whole plasma, centrifuged whole and fil-
tered plasmas contained by microscopic observa-
tion very few platelets. The relative effectiveness
of these plasmas was then tested by standard
technique against hemophilic blood.

Filtration and centrifugation resulted in little,
if any, loss of potency (Table VII). The addi-

TABLE VII

Observations on clotting time of hemophilic blood after adding
normal platelet-poor plasma, as obtained by filtration or

centrifugation

Clotting time

Case I Case II

minutes
2 cc. control hemophilic blood ............. 55
2 cc. control + 0.02 cc. whole normal

plasma .... 15
2 cc. control + 0.02 cc. filtered normal

plasma .............................. 20
2 cc. control + 0.02 cc. top layer centri-

fuged whole normal plasma ............ 20
2 cc. control + 0.02 cc. top layer centri-

fuged filtered normal plasma ........... 20

minutes
120

25

30

30

35

tion of either plasma caused prompt reduction in
the clotting time of hemophilic blood. Similar
observations were made with oxalated plasma,
and the results obtained were essentially the same.

Whereas the dilution of these plasmas in hemo-
philic blood (.02 in 2 cc.) was about 1:100,
similar observations were made with equal vol-
umes of plasma which had been diluted with sa-

line in order to make a relative dilution of 1:200
and of 1:300. There was a tendency towards
slight reduction of clot-promoting power of these
plasmas with higher dilutions.

In vitro studies with plasma of purpura blood.

Fresh, citrated plasma was obtained from normal
subjects and was compared to that obtained from
patients with thrombopenic purpura. These pa-
tients characteristically revealed prolonged bleed-
ing time, and their blood showed extreme thrombo-
penia and non-retractile clot. Their plasma was
used because, without being subjected to manipu-
lation, it contained very few platelets. One case
was due to arsphenamine therapy; one was asso-
ciated with a late phase of aplastic anemia; two
were instances of idiopathic thrombopenic pur-
pura. Tests were made by standard technique
of the relative effectiveness of such platelet-poor
plasmas as compared to that of normal subjects.
No demonstrable differences were found in the
behavior of the plasmas from the various types
of purpura, which were as effective as normal
plasma in reducing the clotting time of hemo-
philic blood. An example of the potency of the
respective plasmas is illustrated by Table VIII.

TABLE VIII

Observations on clotting time of hemophilic blood after adding
citrated plasma of normal subject and of patient with

thrombopenic purpura

Clotting time

Plasma Normal plasma Purpura plasma

Case I Case II Case I Case II

cc. minutes minutes minutes minutes
0.0 30 120 30 120
0.02 6 25 8 28
0.05 5 15 7 18
0.1 5 18 6 11

In vitro studies with normal plasma passed
through the Berkefeld filter. Fresh citrated nor-
mal plasma was obtained by standard technique.
One portion was kept as such; another was passed
through a Berkefeld filter.' The latter was en-
tirely free from cellular constituents. Standard
tests were made with like amounts of the plasmas
so prepared, after being stored at 80 C. for four
days and thirty days. Both retained activity. It
was observed that the clot-accelerating action of
whole normal plasma was not affected significantly
by filtration (Table IX).

1 Hereafter in this paper the term " filtered " will de-
note passage through the Berkefeld filter (Grade V)
unless otherwise specified.
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TABLE IX

Observations on clotting time of hemophilic blood after adding
normal citrated plasma, whole or filtered

Clotting time

Plsa Whole normal plasma, Filtered normalxplasma,Plasma 4 days old 4 days old

Case I Case II Case I Case II

cc. minutes minutes minutes minutes
o 32 90 32 90
0.02 15 36 20 40
0.05 13 36 17 37
0.1 11 30 11 30
0.3 11 30 11 30

Whole normal plasma, Filtered normal plasma,
30 days old 30 days old

0 120 120
0.1 30 35

In vitro comparison of normal and hemophilic
plasmas. Whole and filtered plasma of citrated
normal and hemophilic blood respectively were

compared by standard technique in their clot-
promoting power on another hemophilic blood.
As observed previously, normal plasma, whether
it was whole or filtered, reduced the clotting time
of hemophilic blood, whereas this power was

either absent from or greatly diminished in hemo-
philic plasma (Table X).

TABLE X

Observations on clotting time of hemophiic blood after adding
normal and hemophilic plasma of another patient

Clotting time

Case I Case II

minutes minutes
2 cc. control hemophilic blood ............. 120 75

2 cc. control + 0.03 whole normal plasma... 28 25

2 cc. control + 0.03 whole hemophilic plasma 120 75
2 cc. control + 0.03 filtered normal plasma.. 28 25

2 cc. control + 0.03 filtered hemophilic
plasma .............................. 120 75

The effect of transfusion with normal filtered
plasma on the clotting time of hemophilic blood.
Single intravenous injections of citrated filtered
normal plasma reduced the clotting time of hemo-
philic blood for several hours. The plasma used
was kept from three days to two months at ice-
box temperature. On one occasion this plasma
was used to check hemorrhage. Transfusion
with 150 cc. of such plasma, two months old,

apparently stopped a protracted nosebleed in 10
minutes and reduced the clotting time from 2
hours to thirty minutes, 4 hours after the injec-
tion. A similar response was obtained by the
intravenous injection of citrated plasma from a
patient with thrombopenic purpura.

By giving daily intravenous injections of 75
to 100 cc. of filtered normal plasma for three days
to a hemophilic patient, the clotting time was kept
materially reduced during this time. The re-
sponse with plasma was similar in pattern to but
less durable than that of whole blood transfusion
in these patients (Figures 3 and 4).

In normal plasma rendered free from platelets,
whether by filtration or centrifugation, there is a
substance which is effective in reducing the clot-
ting time of hemophilic blood. This substance
also resides in the plasma of thrombopenic pur-
pura. It is stable at ice-box temperature and is
potent in high dilution in vitro or in vivo. It is
either unavailable or greatly diminished in hemo-
philic plasma.

III. Study of the blood platelets in relation to the
clotting of normal and hemophilic blood

Since plasma, free from platelets, contained
material effective in reducing the clotting time of
hemophilic blood, several questions presented
themselves: (1) was such plasma (filtered, for
example) also free from platelet products; (2)
did hemophilic platelets behave like normal plate-
lets in their own plasma and in normal plasma;
(3) did the addition of platelets or platelet ma-

terial free from plasma influence the clotting time
of hemophilic blood? Such inquiry was per-
tinent because some current theories hold that
the hemophilic platelets, due to an abnormal
stability, break up slowly and consequently lib-
erate slowly a substance effective in clotting. The
method for obtaining platelet material was as
follows: 50 cc. of plasma was derived from
citrated normal blood by standard technique.
This was centrifuged at 1,500 r.p.m. for 20
minutes, the cloudy plasma removed, and then
divided into two equal portions and recentrifuged
at 2,000 r.p.m. for 2 hours. The white sediment
at the bottom, which was composed of platelets,
was washed twice with 0.85 per cent sodium
chloride solution. One portion was resuspended
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FIGURE 3. OBSERVATIONSON THE CLOT1ING TIME OF HEMOPHILIC BLOODAFTER SINGLE
TRANSFUSIONWITH FILTERED NORMALPLASMA (CASE III).

FIGURE 4. OBSERVATIONSON THE CLOTTING TIME OF HEMOPHILIC BLOODAFTER
MULTIPLE TRANSFUSIONSWITH FILTERED NORMALPLASMA (CASE III).
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Filtere
Filtere
Filtere(
Filtere

Filterei
Filtere4
Filtere4
Filterer

TABLE XI
Observations on clotting time of normal and hemophilic filtered plasma after the addition of normal and

hemophilic platekt suspensions *

A. HEMOPHILIC PLASMA
Clotting time

minutes
Whole plasma .................................................................. 57
Filtered plasma ................................................................. 150

Hemophilic No:
platelets plat

d plasma + saline suspension of platelets ........................................... 60 4
d plasma + saline filtrate of platelets .............................................. 1501'
d plasma + water suspension of platelets ........................................... 70 4
d plasma + water filtrate of platelets .............................................. 150

B. NORMALPLASMA
Clotting time

minutes
Whole plasma. 6
Filtered plasma ......... 30

Hemophilic Noi
platelets plat

d plasma + saline suspension of platelets ........................................... 6 S
d plasma + saline filtrate of platelets .............................................. 28 3C
d plasma + water suspension of platelets ........................................... 7 S
d plasma + water filtrate of platelets .............................................. 16 is

)mal
telets
62
50
69
50

rmal
telets
9
0
9
9

* To 0.2 cc. of each of the above plasmas were added successively 0.1 cc. of platelet suspension of physiological
concentration and then 0.9 cc. of a "calcium solution." Each tube was shaken briefly to effect mixture and then im-
mersed in a water bath at 370 C.

in saline of the same volume as the plasma from
which it was derived. The second portion was
similarly resuspended in distilled water. After
vigorous shaking to afford an even suspension of
platelets each of these portions, in turn, was
divided-part kept whole and part passed through
the Berkefeld filter.

An exactly similar procedure was carried out
with an equal volume of hemophilic plasma.
Thus there resulted stoichiometric suspensions of
normal and hemophilic platelets in water and in
physiological saline, and of their respective fil-
trates.

Comparison of hemophilic and normal platelets
in both hertophilic and normal plasmas. Com-
parison between the effects of plasma and of
platelets from both hemophilic and normal blood
was made by use of the method of recalcification
of citrated plasma. This involved the addition
to each tube successively of (1) 0.2 cc. of the
test plasma; (2) 0.1 cc. of platelet suspension;
and (3) 0.9 cc. of calcium solution.2 Then the
tubes were shaken briefly and placed in the water
bath at 370 C.

2 Calcium solution was made up in lots composed of
80 cc. of 0.85 per cent NaCI + 25 cc. of 0.25 per cent
CaCI2.

Observations are recorded in Table XI. The
clotting of whole hemophilic plasma on recalcifica-
tion required 57 minutes whereas the same plasma
when filtered and recalcified required 150 min-
utes. Presumably this was due to loss of plate-
lets. The addition of hemophilic or normal
platelet suspensions to the filtered hemophilic
plasma brought the clotting time back approxi-
mately to that of whole hemophilic plasma. A
similar prolongation of clotting time occurred
after Berkefeld filtration of normal plasma.
Here, too, the addition of hemophilic or of nor-
mal platelet suspensions brought the clotting time
back to that of whole normal plasma. Under the
above conditions, hemophilic platelets provided
the same accelerating effect as did normal plate-
lets when added either to their own or to normal
filtered plasma.

The platelet suspensions were then subjected
to filtration. Their filtrates were added in a
similar manner to filtered plasma from normal
and from hemophilic blood. No accelerating ef-
fect was observed. Hence it was evident that
filtration of platelets, however injured they were
by water lysis and manipulation, allowed the
transfer of virtually no clot-accelerating material
into the filtrate. Therefore, it may be assumed
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that plasma, subjected to filtration, was also prac-
tically free from platelets and platelet products.

Comparison of normal and hemophilic plasma
by method of recalcification. With the use of
the technique described above, normal and hemo-
philic plasmas, whole and filtered, were tested for
clotting time on recalcification. Again it was
noted that Berkefeld filtration with removal of
platelets, caused prolongation of both normal
and hemophilic plasma clotting time. However,
on adding 0.1 cc. of filtered normal plasma (clot-
ting time 40 minutes) to 0.1 cc. of whole hemo-
philic plasma (clotting time 24 minutes) the re-
sultant clotting time was but 8 minutes-that is,
essentially normal. This demonstrated that plate-
let-free normal plasma, when added to whole

TABLE XII

Observations on clotting time of normal and hemophilic
plasmas upon adding 0.9 cc. of "calcium solution"

A
0.2 cc. whole normal plasma...................
0.2 cc. whole hemophilic plasma................
0.2 cc. filtered normal plasma..................
0.2 cc. filtered hemophilic plasma...............

B
0.1 cc. whole hemophilic plasma

+ .. . . . . . .

0.1 cc. filtered normal plasma
0.1 cc. whole hemophilic plasma

+ ..............

0.1 cc. normal saline
0.1 cc. filtered normal plasma

+ .. .--
0.1 cc. normal saline

hemophilic plasma, supplied a material effective
in producing normal clotting time on recalcifica-
tion (Table XII).

In order to determine whether normal plasma
acted directly on hemophilic plasma, or acted in-
directly by activating the platelets, the following
experiment was done: graded small amounts of
filtered normal plasma were added to filtered
hemophilic plasma, and the clotting times noted
after recalcification. By this procedure the clot-
ting time of filtered hemophilic plasma was re-
duced to that of filtered normal plasma (Table
XIII). These results indicate that the effective-
ness of normal plasma in reducing the clotting
time of hemophilic blood does not necessarily
depend upon activation of platelets.

Additiont of platelet suspensions to hemophilic
blood in vitro. Observations on the recalcifica-
tion of citrated plasma suggested that platelets
were not related to the defective coagulation in
hemophilia. Such studies, however, involved an
unphysiological procedure. That is to say, the
recalcification of citrated plasma did not reflect
necessarily the changes occurring in natural clot-
ting. Therefore, platelet suspensions of the con-
centration in normal plasma, as prepared in the
preceding study, were added directly to whole
hemophilic blood by standard technique, and the
clotting times noted. Although the platelet sus-
pension was of physiological concentration, the
number of normal platelets relative to the total
volume of hemophilic blood was considerably less
than physiological concentration. This amount
was used simply for comparison with a like

TABLE XIII

Observations on clotting time of filered hemophilic plasma after adding fitered normal plasma *

Clotting time

0.2 cc. filtered hemophilic plasma.......................................
0.1 cc. filtered hemophilic plasma + 0.01 cc. filtered normal plasma + 0.09 cc. saline.
0.1 cc. filtered hemophilic plasma + 0.02 cc. filtered normal plasma + 0.08 cc. saline...................
0.1 cc. filtered hemophilic plasma + 0.04 cc. filtered normal plasma + 0.06 cc. saline...................
0.1 cc. filtered hemophilic plasma + 0.06 cc. filtered normal plasma + 0.04 cc. saline...................
0.1 cc. filtered hemophilic plasma + 0.08 cc. filtered normal plasma + 0.02 cc. saline...................
0.1 cc. filtered hemophilic plasma + 0.1 cc. filtered normal plasma..................................

minuxes
270

51
53
44
39
32
30

CONTROLS
0.1 cc. filtered normal plasma + 0.1 cc. saline ...................................................... 36
0.04 cc. filtered normal plasma + 0.16 cc. saline ................................................... No clotting
0.1 cc. whole normal plasma + 0.1 cc. saline ....................................................... 8

* To each tube was added 1 cc. of "calcium solution." The tubes were shaken briefly and then immersed in a water
bath at 370 C.
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TABLE XIV

Observations on clotting time of hemophiic blood after adding suspensions of normal and hemophilic plaelets

Clotting time

Case I Case II

minutes minutes
2 cc. control hemophilic blood ........................................................... 120 1S0
2 cc. control + 0.03 cc. saline suspension normal platelets .120 S0
2 cc. control + 0.03 cc. saline suspension hemophilic platelets .120 150
2 cc. control + 0.03 cc. water suspension normal platelets .120 S0
2 cc. control + 0.03 cc. water suspension hemophilic platelets .120 150
2 cc. control + 0.03 cc. saline filtrate normal platelets .120 150
2 cc. control + 0.03 cc. saline filtrate hemophilic platelets .120 150
2 cc. control + 0.03 cc. water filtrate normal platelets .120 S0
2 cc. control + 0.03 cc. water filtrate hemophilic platelets .120 150

amount of platelet-free plasma, which had been
shown to be optimally effective in reducing the
clotting time of hemophilic blood. The addition
of normal platelets in this concentration produced
no change in the clotting time of the hemophilic
blood (Table XIV).

In the clotting of either hemophilic or of nor-
mal plasma, hemophilic platelets behave similarly
to normal platelets. Filtration prolongs the clot-
ting time of both normal and of hemophilic plas-
mas on recalcification. This is due presumably to
the removal of platelets. However, the addition
of filtered normal plasma to whole hemophilic
plasma causes a sharp reduction of clotting time
on recalcification. This indicates that the clot-
promoting substance provided by normal blood
resides in the platelet-free plasma. Moreover,
the addition of a suspension of normal platelets
of the concentration present in normal plasma to
whole hemophilic blood causes no change in the
latter's clotting time.

DISCUSSION

It is not the purpose of this paper to review
the mass of contradictory findings reported in the
medical literature regarding the abnormality of
blood coagulation in hemophilia. Convincing ob-
jections to the older theories of Wright (1),
Sahli (2), P-mile-Weil (3), Nolf and Herry (4)
and Morawitz and Lossen (5) were presented in
the excellent paper by Addis (6). A copious
bibliography was also included in more recent
articles by Minot and Lee (7), Hurwitz and
Lucas (8) and Christie, Davies and Stewart (9).
The latter authors, whose observations were in-
terpreted in Howell's terminology, reported a

long "prothrombin-time." This term, however,
signified simply a long clotting time of hemophilic
oxalated plasma on recalcification. In other
words, it showed that plasma in hemophilia mani-
fested the same clotting abnormality as that of
the whole blood. Klinger (20) made similar ob-
servations. By exclusion of other factors it was
assumed by these authors to represent a defect in
the substance " prothrombin."

In our opinion only the studies of Addis (6)
truly pointed with substantial reason to a defect in
the plasma which was interpreted as a qualitative
change in " prothrombin," a material closely allied
chemically to fibrinogen, but whose exact chemi-
cal nature is obscure. Addis recorded a number
of important observations: that hemophilic plasma
added to normal plasma did not lengthen the lat-
ter's clotting time, and hence contained no in-
hibitory substance; that unlike plasma, the clot-
accelerating action of serum was labile; that
thromboplastic substances in strong concentration
reduced the clotting time of both normal and
hemophilic blood, whereas in weaker concentra-
tion they were capable of reducing only the clot-
ting time of normal blood effectively. In the
present study a similar inquiry was directed at
the clotting abnormality of hemophilia by use of
a more direct technique involving in vivo as well
as in vitro studies, and it was ascertained that this
defect in the plasma was independent of the
formed elements of the blood.

The relationship of platelets to blood clotting
has been of interest for many years. All ob-
servers agree that in shed blood, platelets play an
important r6le in the inception of clotting. The
removal of platelets, whether by centrifugation
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(10, 11) or by Berkefeld filtration (12, 13) and
the consequent delay in clotting illustrates the
point. Whether or not they are a source of
"'prothrombin" as well as "thromboplastin" is
not of immediate concern.

In 1916 Minot and Lee (7) found that the
addition of concentrated suspensions of normal
platelets, unlike hemophilic platelets, caused a
sharp reduction in the clotting time of hemophilic
plasma on recalcification, whereas both normal
and hemophilic platelet suspensions were essen-
tially equal in their ability to hasten the clotting
time of normal plasma. Fonio (14) and
Wohlisch (15) made similar observations. This
was interpreted to mean that hemophilic platelets
were only slowly available for purposes of en-
hancing coagulation. That these platelets be-
haved differently in normal plasma and in hemo-
philic plasma we interpret as indicating a dif-
ference of plasma rather than of platelets. It is
possible that the normal platelets had not been
adequately rinsed free of plasma. This could ex-
plain their greater effectiveness when added to
hemophilic plasma. Studies by Feissly and Fried
(19) clearly support this explanation. They
demonstrated that although normal platelets ap-
peared to be more effective than hemophilic plate-
lets in hastening the clotting of hemophilic plasma,
this difference did not exist after heating both
platelet suspensions to 600 C. The thromboplastic
activity of platelets is relatively stable at this tem-
perature, whereas the effective substance in plate-
let-f ree plasma, as will be described in a later com-
munication, is thermolabile.

In 1926 Howell and Cekada (16) concluded
that the earlier hypothesis by Howell (16a) of a
reduction in the amount of prothrombin was
wrong, and that their later studies indicated that
"the prothrombin in hemophilic blood does not
differ from that of normal blood either in its
concentration or its properties." These authors
noted that platelets of normal blood, after being
shed, disintegrated and fused more rapidly than
did platelets of hemophilic blood. From this it
was inferred that hemophilic platelets are abnor-
mally stable. In our opinion such an observation
merely confirms the fact that clotting is slow, but
it fails to reveal or to imply an abnormal stability
of platelets.

Christie et al. (9) in 1927 noted that injury by
lysis or by switching of hemophilic blood hastened
its clotting. Birch (17) in 1932 and others have
made similar observations, from which they con-
cluded that the platelets were abnormally tough
in hemophilia. Such an assumption does not ap-
pear justifiable. The mechanism of clotting is
very complex, unstable, and easily disturbed by
change in the physical environment. In the
course of such manipulation surely many factors
in the blood or plasma are altered, which con-
ceivably could hasten clot production, and it is
unsound to interpret the effects from trauma as
due to a selective and simple lysis of platelets.
Govaerts and Gratia (21) suggested in their pre-
liminary study on one patient, that a plasma factor
worked by activating the platelet, and that this
factor was deficient in hemophilia. From the
data presented in Table XIII this postulation does
not seem tenable.

It is not implied that platelets are unimportant
in coagulation, but it is inferred from our study
that hemophilic platelets function as well as do
normal platelets. One source of the confusion
in the literature is the fact that most studies have
been made with highly concentrated suspensions
or emulsions of platelets. It is well known that
concentrated suspensions of platelets, of thrombo-
plastin, or cephalin hasten clotting of normal and
hemophilic blood. Such an effect is not specific.
However, when they were compared stoichiometri-
cally-or in the concentration in which platelets
normally exist in plasma-then, hemophilic plate-
lets were shown to behave as do normal platelets,
both in their own and in normal plasma. This
finding has also been suggested by studies of
Addis (6), Eagles (18) and Feissly and Fried
(19).

More significant was our observation that the
addition of such suspensions of platelets to hemo-
philic blood did not shorten its clotting time,
whereas the addition of a minute quantity of
platelet-free, normal plasma abruptly reduced the
clotting time, indicating that the platelet was not
involved in the clotting abnormality of hemo-
philia, and that the defect resided in the plasma.
In znvo studies with filtered normal plasma sup-
ported this contention.

Further studies are being made towards the

541



ARTHURJ. PATEK, JR., AND RICHARD P. STETSON

identification of this effective substance contained
in normal plasma.

CONCLUSIONS

There is a substance present in normal plasma
and markedly deficient or unavailable in hemo-
philic plasma which in small amounts effectively
shortens the clotting time of hemophhilic blood.
This plasma substance is stable at ice-box tem-
perature. It is independent of the formed ele-
ments of the blood.

For their ready cooperation, the authors are
deeply indebted to four hemophilic patients: Rus-
sell White, Edward Woogmaster, James Smith,
and Victor Marotta.
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