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In previous studies (1) it was observed that
citrated normal plasma rendered free of cellular
elements by Berkefeld filtration, contained a sub-
stance which accelerated the clotting time of
hemophilic blood. A preliminary report (2) in-
dicated that the clot-promoting substance was as-
sociated with a saline soluble globulin fraction, as
demonstrated by both i vitro and in vivo studies
with hemophilic blood. The present report de-
scribes in detail the nature of the latter observa-
tions.

Effect of temperature on the coagulation-ac-
celerating substance contained in filtered * normal
plasma. Citrated normal plasma, which had been
passed through a Berkefeld filter was diluted with
0.85 per cent NaCl solution to make one part of

1 Hereafter in this paper the term “ filter ” will denote

passage through the Berkefeld filter.

saline to two parts of plasma. Dilution was used
in order to bring out gradations in potency. Sepa-
rate portions were then kept for a constant time,
16 hours, at 10°, 24°, 37°, and 46° C. Equivalent
amounts were added by a standard technique ? to
hemophilic blood and the clotting times noted.
A slight turbidity appeared in the portions kept
at 37° and 46° C. but there was neither true
precipitation nor bacterial growth. There was
complete inactivation of the material when kept
at 46° C. for sixteen hours. At the lower tem-
peratures there was no essential change.

This study was then amplified to determine the
effect of varying times of exposure to certain
constant temperatures (Table I). Again filtered

2 This technique for testing the clot-promoting power
of substances upon hemophilic blood was described in
the first paper of this series (1).

TABLE 1
Effect on clotting time of hemophilic blood of adding filtered normal plasma which had been subjected to different temperatures

Clottmg time
Case

Case I II
minutes minules
2 cc. control hemophilic blood. . ... .. ... i e e i e 150 40
2 cc. control hemophilic blood plus 0.03 cc. plasma at 5°C.for 2hours..................... 16 16
2 cc. control hemophilic blood plus 0.03 cc. plasma at 5°C. for Shours..................... 19 19
2 cc. control hemophilic blood plus 0.03 cc. plasma at 5°C.for Qhours..................... 15 18
2 cc. control hemophilic blood plus 0.03 cc. plasma at 5° C. for 22 hours......... e 18 18
2 cc. control hemophilic blood plus 0.03 cc. plasma at 5°C. for 48 hours..................... 16 16
2 cc. control hemophilic blood. . .. .. e e et e ettt 120 40
2 cc. control hemophilic blood plus 0.03 cc. plasma at 37°C.for 2hours.................... 16 16
2 cc. control hemophilic blood plus 0.03 cc. plasma at 37°C.for Shours.................... 21 19
2 cc. control hemophilic blood plus 0.03 cc. plasma at 37°C. for Qhours.................... 15 17
2 cc. control hemophilic blood plus 0.03 cc. plasma at 37°C.for 22 hours.................... 23 23
2 cc. control hemophilic blood plus 0.03 cc. plasma at 37°C. for48 hours.................... 23 23
2 cc. control hemophilicblood. . . ... ... i e 120 47
2 cc. control hemophilic blood plus 0.03 cc. plasma at 43°C.for 2hours.................... 16 16
2 cc. control hemophilic blood plus 0.03 cc. plasma at 43°C.for Shours.................... 21 19
2 cc. control hemophilic blood plus 0.03 cc. plasma at 43°C. for Qhours.................... 20 20
2 cc. control hemophilic blood plus 0.03 cc. plasma at 43°C.for 22 hours.................... 38 37
2 cc. control hemophilic blood plus 0.03 cc. plasma at 43°C.for48 hours.................... 120 35
2 cc. control hemophilic blood plus 0.03 cc. supernatant fluid at 43°C. for 48 hours. .......... 120 34
2 cc. control hemophilic blood plus 0.03 cc. precipitate in saline at 43° C. for 48 hours. ........ 120 35
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normal plasma was used. It was portioned by
sterile technique into different tubes which were
kept at 5°, 37° and 43° C., respectively, for vary-
ing intervals of time. Equivalent amounts of the
plasmas so prepared were then tested as before
for their coagulation-accelerating power on hemo-
philic blood. In 48 hours there was slight inac-
tivation of the plasma kept at 37° C. and marked
inactivation of that kept at 43° C. After 48
hours a precipitate formed in the plasma kept at
43° C. In this case, however, neither the whole
plasma, the supernatant fluid, nor the precipitate
dissolved in isotonic saline were found to be po-
tent.

The substance contained in filtered normal
plasma which effectively reduces the clotting time
of hemophilic blood is thermolabile.

Effect of dialysis partitions of filtered normal
plasma on the clotting time of hemophilic blood.
As a first attempt at isolation of the active com-
ponent of normal plasma a rough partition was
tried by simple dialysis. Normal citrated plasma
was passed through a Berkefeld filter and then
was allowed to dialyze in cellophane jackets for
eight days in jars of distilled water at room tem-
perature. The water was changed twice daily.
A white flocculent precipitate collected at the bot-
tom of the jackets. The contents of the jackets
were transferred to a test tube and the super-
natant fluid removed from the precipitate by cen-
trifugation. The precipitate remaining in the
jackets together with that freed by centrifugation
from the supernatant fluid was washed several
times in distilled water and was then suspended
in sufficient 0.85 per cent NaCl solution to give
the same volume as that of the supernatant fluid.
A sample of the parent filtered plasma was then
diluted with saline so that its total volume
equalled the combined volumes of the supernatant
fluid and of the saline suspension of the precipi-
tate. Comparison of the relative effectiveness of
the three fluids was then made by adding 0.03 cc.
of each to 2 cc. of hemophilic blood, and the clot-
ting times determined.

The addition either of filtered plasma or of the
saline suspension of the precipitate reduced
sharply the clotting ‘time of hemophilic blood
(Table II), but the supernatant fluid was vir-
tually ineffective. Chemical determinations of
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TABLE II
Effect on clotting time of hemophilic blood of adding dialysis
partitions of filtered normal plasma

Clotting time
Case I Case I1

minutes minutes

2 cc. control hemophilic blood..... 120 43
2 cc. control hemophilic blood plus

0.03cc.plasma................ 22 13
2 cc. control hemophilic blood plus

0.03 cc. supernatant fluid. ... ... 100 45
2 cc. control hemophilic blood plus

0.03 cc. saline suspension of pre-

cipitate. . ..........oiiiiinn. 30 22

Protetn partitions of test substances

Total

Albu- | Glob-

pro- | “min | “ulin

grams | grams | grams

per | per per
100 cc.| 100 cc. | 100 cc.

Plasma (diluted).................. 3.7112.15 | 1.56
Supernatant fluid.................. 2.29]1.68 | 0.61
Saline suspension of precipitate. .. ... 1.47(0.323| 1.15

the protein partitions of these fluids revealed that
although complete separation was not accom-
plished, the saline suspension contained chiefly
globulin, whereas the supernatant fluid contained
chiefly albumin.

Both filtered plasma and a saline suspension of
crude globulin remained effective when kept at
8° C. for 18 hours. The saline suspension of
crude globulin manifested a thermolability similar’
to that of the parent plasma, which likewise was
inactivated by exposure to 46° C. in a water bath
for 18 hours.

By dialysis of filtered normal plasma against
distilled water a globulin-like precipitate is formed.
When this precipitate is suspended in 0.85 per
cent NaCl and tested in concentrations comparable
to that of the supernatant fluid and to the parent
plasma, the globulin portion retains most of the
power of the plasma to shorten the clotting time
of hemophilic blood. The effective material con-
tained in the “ globulin substance” ® is lLikewise
thermolabile.

Preparation of globulin substance from plasma
by dilution and acidification with CO,. The ob-
servations recorded above indicated that a coagu-
lation-accelerating substance was associated with

8 This non-diffusible material, soluble in isotonic saline
and associated with the globulin portion of plasma will
be referred to hereafter as “ globulin substance.”
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the globulin fraction of plasma. However, the
separation by dialysis did not provide complete
separation of globulin from albumin, and the
method was awkward and impracticable. A more
direct method was tried which was similar to that
described by Addis (13) in the preparation of
“ fibrinogen solution,” and later by Eagle (8) in
the preparation of “ prothrombin solution.” This
involved the well known effect of dilution and
acidification of plasma. The globulin material so
precipitated exhibited the characteristics of whole
plasma in respect to the clotting of hemophilic
blood.

Citrated plasma was obtained by the usual tech-
nique from fresh normal and hemophilic bloods
respectively. Each sample was passed through a
Berkefeld filter. To one part of each plasma
were added nine parts of cold tap water, and the
mixtures were then subjected to a stream of CO,
for seven mintes, when a cloudy precipitate ap-
peared. After centrifugation at 2,000 r.p.m. for
15 minutes, the clear supernatant fluid was dis-
carded and the white gummy precipitate was sus-
pended in 0.85 per cent NaCl and diluted with
the saline solution to the original volume of the
parent plasma. After 24 hours in the icebox at
8° C. a tough precipitate generally floated on top
of the saline mixture (presumably fibrin). This
precipitate was removed with a glass rod, and the
remaining opalescent fluid was then tested by
standard technique with hemophilic blood. The
clotting time of 2 cc. of hemophilic blood was
sharply reduced by the addition of 0.03 cc. of
either normal plasma or its derived globulin sub-
stance, whereas the addition of equivalent amounts
of hemophilic plasma or its derived globulin
substance was relatively ineffective (Table III).
Chemical analyses showed no appreciable differ-
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ences in nitrogen content between the normal and
hemophilic test substances.

Sometimes the normal globulin substance in
0.85 per cent NaCl lost its coagulation-accelerat-
ing power in several days, and yet other samples
kept in the icebox retained potency after storage
for several months. The cause of this discrep-
ancy was not ascertained. It was not due to
bacterial contamination. Exposure in a water
bath to 56° C. for 5 minutes destroyed the coagu-
lation-accelerating power of globulin substance so
prepared.

The effect of intravenous injections of normal
globulin substance on the clotting time of hemo-
philic blood. Globulin substance was prepared as
in the previous studies, by dilution and acidifica-
tion of plasma with CO, The saline suspension
was centrifuged at 2,000 r.p.m. for 10 minutes,
and the opalescent supernatant fluid was passed
through a Berkefeld filter. The saline solution
was then administered intravenously by gravity
infusion. Precaution was taken to flush the in-
fusion apparatus with 0.85 per cent NaCl solu-
tion in order to avoid clot formation in the needle.
Except for a sensation of slight fullness in the
head, no untoward effects were experienced by
the patients. The clotting times were materially
reduced, but not so sharply as by transfusion
with blood equivalent in amount to that from
which the substance was derived (Table IV).

The dilution of filtered normal plasma with
water and the subsequent acidification with CO,
resulted in the formation of a precipitate, which,
when suspended in saline, was as effective as whole
plasma in reducing the clotting time of hemophilic
blood. The clot-promoting power of this normal
globulin substance was effective both in vitro and
i vivo. It was unstable and thermolabile. It

TABLE IIT
Effect on clotting time of hemophilic blood of adding ** globulin substance” derived from filtered normal and hemophilic plasmas

Clotting time

Case I Case II
minutes minutes

2 cc. control hemophilicblood. . ... ... i 180 72

2 cc. control hemophilic blood plus 0.03 cc. filtered normal plasma......................... 22 22

2 cc. control hemophilic blood plus 0.03 cc. normal globulin substance...................... 16 16

2 cc. control hemophilic blood plus 0.05 cc. normal globulin substance. . .................... 12 12

2 cc. control hemophilic blood plus 0.03 cc. filtered hemophilic plasma .. .................... 180 59

% cc. control hemophilic blood plus 0.03 cc. hemophilic globulin substance. .................. 180 52

cc. control hemophilic blood plus 0.05 cc. hemophilic globulin substance................... 150 41
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TABLE IV

Effect on clotting time of hemophilic blood of intravemous
injection of *‘ globulin substance”

Clotting time

Case I* Case II*

minutes  minules
Clotting time before injection. . ....... 100 50
Clotting time 1 hour after injection.... 30 32
Clotting time 2} hours after injection.. 49 28
Clotting time 4 hours after injection... 40 20
Clotting time 24 hours after injection.. 85 35
Clotting time 96 hours after injection . . 39

* Case I received 135 cc. ‘‘globulin substance.” Case

IT received 75 cc. ‘‘globulin substance.”

was either absent from or greatly diminished in
globulin substance similarly prepared from hemo-
philic plasma.

Preparation of dried globulin substance. Com-
parison of CO, and acetic acjd precipitation meth-
ods. Because of the instability of a saline sus-
pension of the globulin substance, the material
was prepared in dried form. Two hundred cc.
of fresh filtered normal plasma were divided into
two equal portions. To 100 cc. were added 900
cc. of cold tap water, and the mixture subjected
for one-half hour to a stream of CO, until pH 5.9
was reached. The cloudy fluid was centrifuged
at 2,000 r.p.m. for one-half hour, the clear super-
natant fluid decanted, and the precipitate, dried
at room temperature in a vacuum desiccator,
yielded 650 mgm. of grey-brown amorphous ma-
terial.

The second portion of 100 cc. of plasma was
similarly diluted with water and then acidified by
adding 1 per cent acetic acid to pH 5.3. The
cloudy fluid was likewise centrifuged at 2,000
r.p.m. for one-half hour, the supernatant fluid
discarded, and the precipitate, dried at room tem-
perature in a vacuum desiccator, yielded 713 mgm.
of a similar grey-brown material.
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Acetic acid precipitation was likewise used with
fresh, filtered plasma from 2 cases of hemophilia,
with yields of 452 and 670 mgm., respectively, per
100 cc. plasma.

In two instances, fresh normal blood was de-
fibrinated by stirring with a glass rod and then
centrifuged at 2,000 r.p.m. for one-half hour. The
supernatant fluid was removed and passed through
a Berkefeld filter. This defibrinated plasma was
then subjected to dilution and acidification—the
resultant precipitate dried, as above, with a yield
of about 500 mgm. per 100 cc. plasma. _

All materials were then pulverized and kept
dry over calcium chloride in a desiccator. Sam-
ples of the dried powders so prepared were tested
for their effect on the clotting time of hemophilic
blood.

Effect of adding dried globulin substance in
vitro to hemophilic blood. Ten milligrams of each
dried material were emulsified and then taken up
in 2 cc. of 0.85 per cent NaCl. The cloudy sus-
pension was centrifuged at 1,500 r.p.m. for 15
minutes and 0.1 cc. of the clear supernatant fluid
of each was tested with 2 cc. of hemophilic blood
by standard technique.

Table V shows that the globulin substance from
normal blood,* whether prepared from citrated
plasma by CO, or acetic acid precipitation, was
optimally effective in reducing the clotting time of
hemophilic blood, whereas the hemophilic globulin
substance, so prepared, was inert. The globulin
substance from defibrinated normal blood, how-
ever, did not reduce the clotting time of hemophilic
blood. In the process of defibrination the coagu-
lation-accelerating material apparently was pre-

4 The addition to hemophilic blood of dried “globulin
substance ” prepared from sheep, ox, rabbit, and monkey
plasma showed a coagulation-accelerating effect similar to
that obtained with the normal human derivative.

TABLE V

Effect on clotting time of hemophilic blood of adding saline suspensions of dried * globulin substance” as prepared from normal
plasma, from hemophilic plasma, and from defibrinated normal plasma

Cascekitting tig:se 1I
minules minutes
2 cc. control hemophilic blood . . ... ... i i e 100 42
2 cc. control hemophilic blood plus 0.1 cc. normal globulin by CO; method. ................. 9 8
2 cc. control hemophilic blood plus 0.1 cc. normal globulin by acetic acid method............ 9 8
2 cc. control hemophilic blood plus 0.1 cc. hemophilic globulin by acetic acid method. . ....... 100 45
2 cc. control hemophilic blood plus 0.1 cc. defibrinated normal globulin by acetic acid method.. 85 37
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cipitated with the fibrin. That it was not identical
with it, however, may be seen in the following
studies.

Physiological characteristics of the globulin
substance prepared from normal and from hemo-
philic filtered plasmas. Saline suspensions of the
dried globulin substances as prepared in the pre-
ceding study, were tested by the method of Howell
and Cekada (18) who used a calcium-fibrinogen
system in their comparison of normal and hemo-
philic prothrombin. Calcium chloride was made
up in 0.5 per cent aqueous solution. Fibrinogen
solution was prepared from normal human blood
according to the method of McLean (25). The
addition successively of calcium chloride, of fi-
brinogen and of both calcium chloride and fibrino-
gen to a solution of the globulin substance was
performed in standard test tubes. The tubes
were shaken briefly and placed in a water bath at
37° C.

It was observed that the addition of calcium
chloride alone to the globulin substance did not
produce clotting. The addition of fibrinogen solu-
tion to the globulin substance produced no clot in
six hours but did cause clotting in 24 hours.
This suggested that the globulin substance, acting
as prothrombin, was slowly converted into throm-
bin, which, as Mellanby (11) has shown, may
take place in the presence of minute quantities of
calcium or even in its apparent absence.

The addition of both calcium chloride and fi-
brinogen solutions to solutions of the hemophilic
as well as of the normal globulin substance was
followed by prompt clotting (Table VI).
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According to the criteria of Howell and Cekada
(18), these observations confirm their conclusions,
namely, that quantitatively and physiologically
both the normal and hemophilic prothrombins be-
have similarly. However, when solutions of these
globulin substances were tested with hemophilic
blood as in the preceding study, only the normal
globulin stubstance, unlike the hemophilic, caused
a sharp reduction of clotting time.

The clot formed by the combination of hemo-
philic globulin substance with calcium and fibrino-
gen reliquefied in 12 hours, whereas the clot
formed by combination with normal globulin sub-
stance reliquefied only after 24 to 48 hours.

In filtered normal plasma, after dilution with
water and acidification with either CO, to pH 5.9
or with 1 per cent acetic acid to pH 5.3, there was
formed a precipitate which, dried in vacuo, con-
tained an active coagulation-promoting substance
for hemophilic blood. Approximately 500 to 700
mgm. of the grey powder were obtained from 100
cc. of citrated normal plasma.

When the above procedure was applied to
hemophilic plasma an approximately equivalent
amount of dried material was produced, the saline
suspension of which had lttle, if any, ability to
hasten the clotting of hemophilic blood in the test
tube.

Tested against a freshly prepared calcium fi-
brinogen system, both the normal and hemophilic
precipitates were equally active as prothrombin.
These observations seem to indicate that the dif-
ference between normal and hemophilic blood s
due either to a qualitative difference of the globulin

TABLE VI
Clotting characteristics of dried ‘‘ globulin substance” in relation to a calcium-fibrinogen system

4. 0.3 cc. normal globulin plus 0.1 cc. CaCla.................ooiiiLL 0 clot in 24 hours
0.3 cc. hemophilic globulin plus 0.1 cc. CaCla.. . ..ot 0 clot in 24 hours
0.3 cc. defibrinated normal globulin plus 0.1 cc.CaClg... ..., 0 clot in 24 hours

B. 0.3 cc. normal globulin plus 0.4 cc. normal fibrinogen.. . .......................... 0 clot in 6 hours (Clot in 24)
0.3 cc. hemophilic globulin plus 0.4 cc. normal fibrinogen.......................... 0 clot in 6 hours (Clot in 24)
0.3 cc. defibrinated normal globulin plus 0.4 cc. fibrinogen......................... Clot in 26 minutes

C. 0.3 cc. normal globulin plus 0.1 cc. CaCl; plus 0.4 cc. normal fibrinogen............. Clot in 15 minutes *
0.3 cc. hemophilic globulin plus 0.1 cc. CaCls plus 0.4 cc. normal fibrinogen.......... Clot in 15 minutes *
0.3 cc. defibrinated normal globulin plus 0.1 cc. CaCl; plus 0.4 cc. fibrinogen......... Clot in 27 minutes

D. 0.5 cc. fibrinogen plus 0.3 cc. CaCla.eo.ovveitiiniiiiiiiiiiiiii i e, 0 clot

* The hemophilic globulin-calcium-fibrinogen clot reliquefied in 12 hours, whereas the corresponding normal clot

reliquefied in 48 hours. The ready clotting of defibrinat
liberated by process of defibrination.

plasma globulin in B as well as C indicates that thrombin was
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substance or to other substances associated with
the globulin fraction of the plasma.

The effect of reprecipitation of the globulin sub-
stance contained in normal plasma. After pre-
cipitating globulin substance from filtered normal
plasma by dilution and acidification to pH 5.3, the
precipitate was taken up in 0.85 per cent NaCl to
the volume of the parent plasma. This saline sus-
pension of globulin was centrifuged at 2,500 r.p.m.
for one-half hour in order to rid the mixture of
particulate matter. The supernatant fluid was
then diluted with 10 volumes of water, and a white
flocculent precipitate was thrown down at pH 5.3.
The precipitate was collected and dried in a
vacuum desiccator. The yield of reprecipitated
globulin substance was 430 mgm. per 100 cc. of
plasma. When equivalent concentrations of the
reprecipitated globulin substance were compared
with the preparations obtained by a single pre-
cipitation, the reprecipitated globulin substance
was found to be less active than the cruder ma-
terial in its clot-promoting power on hemophilic
blood. Refinement and concentration by this
method, therefore, was unsuccessful.

The chemical characteristics of globulin sub-
stance. Globulin substance prepared from normal
plasma gives the usual precipitation and color re-
actions of a protein, and the specific reactions of
globulin. It is partially soluble in 0.85 per cent
NaCl solution but wholly insoluble in distilled
water at pH 6.5.

On analysis of samples of globulin substance
from normal and from hemophilic blood, yields be-
tween 15 to 18 per cent of nitrogen were obtained,
with the exception of one hemophilic globulin
substance which contained 21 per cent nitrogen.
The solubility in 0.85 per cent NaCl solution of

TABLE VII
Chemical analyses of *‘ globulin substance”

Total
nitrogen
Num- Source of globulin Total soluble in
ber substance nitrogen 0.85 per cent
saline
solution
per cent per cent
1 | Hemophilic plasma 16.0 56.0
2 | Normal plasma 15.0 61.5
3 Normal plasma 18.0 51.5
4 | Hemophilic plasma 21.0 16.0
5 | Number 2 reprecipitated 15.0 29.2
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globulin substance prepared from plasma of dif-
ferent subjects is given in Table VII.. The values
are in terms of the percentage of nitrogen dis-
solved in isotonic saline.

Globulin substance from two normal individuals
and from a patient with hemophilia whose blood
clotted in between 40 and 60 minutes was found
to be 50 to 60 per cent soluble in 0.85 per cent
NaCl solution. Globulin substance from a case
of hemophilia in which the clotting time was above
2 hours was 16 per cent soluble. Normal globulin
substance reprecipitated from its saline solution
showed a reduced solubility to 29 per cent in 0.85
per cent NaCl solution. Further studies are es-
sential in order to determine whether these differ-
ences are due to intrinsic peculiarities of the globu-
lin substances or whether they are due to unin-
tentional variations in the technique of prepara-
tion.

The coagulation-accelerating substance obtained
from normal plasma is precipitated with a protein
gwing the characteristics of a saline soluble
globulin.

Effect of variation in temperature on the coagu-
lation-accelerating power of globulin substance ob-
tained from filtered normal plasma. One hundred
mgm. of powdered globulin substance from normal
blood was taken up in 20 cc. of 0.85 per cent NaCl
solution. The insoluble matter was centrifuged
down, and the clear supernatant fluid was pipetted
by sterile technique into each of five tubes. Each
tube was then kept at a different constant tem-
perature. At intervals, 0.1 cc. of each fluid was
removed from the tubes and tested in the usual
manner against 2 cc. of hemophilic blood, and the
clotting times noted with standard technique. All
fluids remained clear except for those kept at 48°
C., which acquired a flocculent precipitate after
one-half hour.

It was observed (Table VIII, Figure 1) that
at 48° C. there was loss of activity in 3 to 6 hours;
at 43° C., in 6 to 10 hours; at 36° C. in 10 hours;
at 25° C. in 22 hours; at 10° C. a slight loss in 48
hours. Like plasma, the coagulation-accelerating
activity of globulin substance is thermolabile.

Observations on the optimal hydrogen ton con-
centration for the precipitation of active globulin
substance. Since active globulin substance from
normal plasma was obtained by precipitation either
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CLOTTING TIME IN MINUTES

HOURS 4 8

12 16 20 24 28 32 36 40 44 48
CASEXI TIME OF EXPOSURE TO TEMPERATURES
INDICATED

Fic. 1.

EFFECT OF VARIATION IN TEMPERATURE ON THE ACTIVITY

F “ GLOBULIN SUBSTANCE.”

with CO, at pH 5.9 or with 1 per cent acetic acid
at pH 5.3 there apparently was a rather wide
range of hydrogen ion concentrations within which
the effective substance could be obtained. In
order to determine the optimal conditions more
precisely globulin substance was prepared from the

TABLE VIII

Effect on clotting time of hemophilic blood of adding saline
suspensions of dried ‘‘ globulin substance” which
had been subjected to constant temperatures

for varying intervals of time *
Time Clotting time
nE:x%eer inter-
vals
Controls| 10°C. | 25°C. | 36°C. | 43°C. | 48°C.
31 126 11 9 9 14 14
1 100 13 13 13 13 13
3 120 14 9 9 9 15
1 64| 125 9 9 9 15 24
10 130 7 12 35 45 55
22 120 9 34 67 79 92
48 110 17 75 75 90 105
b
1
3 40 9 9 9 9 14
11 6% 42 8 8 8 15 18
10 40 7 8 20 23 35
22 52 9 21 27 32 47
48 40 13 34 35 35 40

* In each tube were pipetted 0.1 cc. of the test solution
and 2 cc. of hemophilic blood. In the control tubes were
tted 0.1 cc. of saline plus 2 cc. of hemophilic blood.
C otting times were done by standard technique at 37° C.

same plasma at different hydrogen ion concen-
trations. This was done in the following manner:
400 cc. of filtered normal plasma was divided into
8 portions of 50 cc. each. These were diluted
separately with 10 volumes of water. Varying
amounts of 1 per cent acetic acid were added to
each to obtain a series of pH ranges. The re-
sultant mixtures were centrifuged at 2,000 r.p.m.
for one-half hour, the precipitates removed, dried,
and weighed. The respective weights of these
precipitates are recorded in Table IX. Of each
dried precipitate a 20 mgm. sample was suspended
in 4 cc. of 0.85 per cent NaCl solution. The sus-
pensions were centrifuged at 1,500 r.p.m. for 10

TABLE IX
Yields of dried * globulin substance” as obtained by
actdification of diluted normal at
different H ion concentrations *
ilution in | 1 n sul Yield after
Plasma Dvolm%l;s acgte:{:caecig Re thant desiccation
cc. cc. mgm.
50 10 2 6.98 59
50 10 4 6.54 113
50 10 5 6.47 160
50 10 7 6.09 241
50 10 8 5.90 258
50 10 10.5 5.52 268
50 10 12 5.42 265
50 10 15 5.10 243

* The yields recorded are merely approximate values.
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TABLE X

Effect on clotting time of hemophilic blood of saline suspen-
sions of dried * globulin substance” obtained at different
H ion concentrations from normal plasma

Clotting time

Case |Case |Case |Case |Case
I | |OIjIv|vVv

Control hemophilic blood....................... 140 [ 120 | 100 | 51 | 37

Contro| hilic blood plug0.1¢cc.at pHS5.1. . . .. 52| 21| 15| 12 ] 10
Control hemophilic blood plus0.1cc.atpH5.42....] 54| 20| 14| 10 | 10
Contro philic blood plus0.1ce.at pH5.52....| 23| 13| 14| 10 7
Control hemophilic blood plus 0.1cc.at pH5.90....] 29 8 7] 6 6
Contro hilic blood plus0.1cc.atpH 6.09....| 18| 8| 7| 5| 8
Control hemophilic blood plus0.1cc.at pH 6.47. . ..[ 17 8 71 6 3
Controlhemophilic blood plus0.1cc.atpH6.54....| 22| 13| 7| 6] 4
Control hemophilic blood plus0.1¢cc.at pH6.98....] 52| 30 112|111

minutes and the clear, supernatant fluid tested by
standard technique against hemophilic blood.

It was noted that the substance obtained by
precipitation at pH 5.9 to pH 6.4 was the most
effective in reducing the clotting time of hemo-
philic blood (Table X; Figure 2). While only
one set of observations is recorded, the procedure
has been repeated with practically identical re-
sults.

The effect of dilution on the activity of dried
globulin substance obtained from normal filtered
plasma. TFifty mgm. of dried globulin substance
precipitated at the optimal point of pH 6.09 was
taken up in 5 cc. of 0.85 per cent NaCl solution.
After thorough mixture, this was centrifuged at
2,000 r.p.m. for 15 minutes, and the clear, super-
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natant fluid removed. Serial dilutions of the
supernatant fluid were made with 0.85 per cent
NaCl up to 1:256 dilution. Of each dilution
0.1 cc. was added to 2 cc. of hemophilic blood by
standard technique, and the clotting times noted.
In Table XI and Figure 3, the effect of dilution
upon the coagulation-accelerating activity of the
globulin substance from normal plasma is illus-
trated.

By increased concentration of globulin substance

TABLE XI

Effect of dilution on the coagulation-accelerating power of
‘‘ globulin substance” prepared from normal plasma *

Clotting time
Dilution with saline
Case I | Case II |Case III| Case IV| Case V

0 dilution. ........ 8 5 4 5 5
1: 2 dilution. ..... 26 7 6 12 8
1 : 4 dilution. . .... 50 9 17 15 12
1: 8 dilution. ..... 64 12 17 19 15
1 :16 dilution. . ... 88 26 27
1 : 32 dilution. . ... 105 28 23 42 40
1 : 64 dilution. . . .. 40 43 44 42
1 : 128 dilution. . . . 57 73 49 46
1: 256 dilution. . . . 62 70 48 47
Control hemophilic

blood........... 100 82 73 58 49

* 50 mgm. of dried ‘‘globulin substance’ was taken up in
5 cc. of 0.85 per cent NaCl. After centrifuging the
suspension at 1,500 r.p.m. for 10 minutes, serial dilutions
of the supernatant fluid were made as indicated and 0.1
cc. of each dilution added by standard technique to 2.0
cc. of hemophilic blood.
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prepared from hemophilic plasma a coagulation-
accelerating substance of minimal activity was ob-
tained. Solutions of hemophilic globulin sub-
stance were prepared in such concentration that
0.1 cc. contained 2 mgm. The addition of 0.1 cc.
of such hemophilic globulin substance to 2 cc. of
hemophilic blood reduced the clotting time with
about the same effectiveness as a solution of
globulin substance prepared from normal plasma,
in which 0.1 cc. contained 0.0625 mgm. In co-
agulation-accelerating power the hemophilic globu-
lin substance was approximately equal to 1:32
dilution of the normal derivative. This indicated
that in the hemophilic the substance is greatly
diminished in amount but not absent.

The intravenous injection of a saline solution of
dried normal globulin substance and its effect on
the clotting time of hemophilic blood. One gram
of dried normal globulin substance was taken up
in 200 cc. of 0.85 per cent NaCl solution. After
centrifugation at 2,000 r.p.m. for 15 minutes, ap-
proximately 0.5 gram was recovered, indicating
that about 50 per cent was soluble. The super-
natant fluid was passed through a Berkefeld filter
(Grade V) and administered by gravity infusion
as described previously. The procedure was per-
formed in 3 cases. When injected in about 10
minutes, the patients experienced a sensation of
fullness and warmth. In two instances the injec-
tion was followed in 1 hour by moderate chill
and headache for 10 minutes. In the third in-

stance, when the material was injected during a
period of 30 minutes, no untoward reaction oc-
curred.

There followed in each case a definite reduction
of clotting time (Table XII and Figure 4) which
was sustained for 10 hours in 2 cases and for 24
hours in the third. The response was slower
than that occurring after blood transfusion (1).
The material used in Case II was freshly prepared

TABLE XII
Effect on clotting time of hemophilic blood of the intravenous

injection of saline solution of dried ** globulin sub-
stance” prepared from mormal plasma

Case
number Clotting time
minutes

Clotting time before injection............ 135
Clotting time 40 minutes after injection. .. 60
Clotting time 70 minutes after injection... 70

I Clotting time 3 hours after injection. . . .. 48
Clotting time S hours after injection. . ... 45
Clotting time 9% hours after injection.... 70
Clotting time 24 hours after injection. . . .. 122
Clotting time before injection............ 165
Clotting time 45 minutes after injection... 23
Clotting time 2 hours after injection. .. .. 25

II Clotting time 5 hours after injection. . ... 24
Clotting time 104 hours after injection.... 30
Clotting time 24 hours after injection. . . .. 58
Clotting time 48 hours after injection. . . .. 150
Clotting time before injection............ 150
Clotting time 75 minutes after injection... 35

IIT Clotting time 3 hours after injection. .. .. 30
Clotting time S hours after injection. . ... 41
Clotting time 24 hours after injection. . ... 83
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at pH 6.09 and was shown by in witro tests to
reduce the clotting time from 165 minutes to 6
minutes ; whereas that which was used in Cases I
and IIT was made from old, pooled plasma which
by in wvitro tests reduced the clotting time from
150 to 30 minutes.

A control study was performed with globulin
substance similarly prepared from 550 cc. of
hemophilic blood, which yielded 1.2 grams of dry
powder. The hemophilic globulin substance was
obtained from a patient whose blood had a clotting
time of 50 minutes, and it was injected into an-
other patient whose blood clotted in 150 minutes.
One hour after injection the recipient’s clotting
time was 85 minutes. Subsequent tests, how-
ever, made 3 hours, 5 hours, 10 hours, and 24
hours after the injection showed clotting times
between 120 and 155 minutes. In witro tests
showed a comparable minimal reduction in clot-
ting time.

These results may indicate that the material ob-
tained from the mild hemophilic patient provided
a small amount of coagulation accelerating sub-

stance. The results confirm previous observa-
tions which demonstrated the specificity of the
reduction in hemophilic clotting time following
the injection of normal globulin substance.

Dried normal globulin substance, when taken
up in 085 per cent NaCl solution, exhibits the
coagulation-accelerating properties of the freshly
prepared material. The optimal zone for precipi-
tation of this substance lies in the pH range of
5.9 to 6.4. It manifests a characteristic pattern
of reaction to dilution and to changes of tempera-
ture. Intravemous injection of a saline solution
of dried normal globulin substance in 3 cases of
hemophilia was followed by definite reduction of
the clotting time of the blood.

COMMENT

Discussion of the relationship of globulin sub-
stance to other factors in blood coagulation neces-
sarily involves a consideration of prothrombin.
Whereas some authors (3, 4, 5, 6), identify the
source of prothrombin, or a comparable sub-
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stance, with platelets as well as plasma, others
(7, 8), imply that it resides chiefly in the non-
cellular plasma. Certain authors (9), indeed
deny its existence. Its chemical nature and mode
of activity are not clearly established. It is
known only by its capacity to form thrombin. At
present, therefore, it is better regarded as a physi-
ological complex than a single, chemical substance.

There have been several methods described for
its preparation. Mellanby (10) obtained it from
bird plasma by precipitation, at a reaction of pH
5.3, of the globulin complex from diluted plasma.
He later modified this by additional treatment
with dilute calcium bicarbonate solution (11).
Bordet and Delange (12) applied the principle
of adsorption with tricalcium phosphate for the
preparation from plasma of prosérozyme (pro-
thrombin). Addis (13) and later Eagle (8)
precipitated it by dilution of plasma with water
and acidification with CO,. Howell (4) obtained
it by acetone precipitation of plasma. Because of
the varied methods for preparation and the failure
to obtain a pure substance there is not complete
agreement over the properties of prothrombin.
In general, it is thought to be a protein, of glob-
ulin nature, nondialyzable, insoluble in distilled
water but soluble in weak alkali. Its reaction to
changes of temperature have been variously
described.

A number of communications have attributed
the clotting abnormality of hemophilia to altered
prothrombin. Addis (13), Christie and his co-
workers (6), Feissly and Fried (14) believed
the delayed clotting resulted from a qualitative
change in this substance. Klinger (15), Hur-
witz and Lucas (16), and Howell (17) said
there was a quantitative defect, but the latter re-
versed his opinion later (18). Govaerts and
Gratia (19) concluded that a dual mechanism was
involved, namely, that a plasma factor in normal
blood activated the abnormally stable hemophilic
platelets. The plasma factor was neither pro-
sérozyme (prothrombin) nor cytozyme (throm-
bokinase).

The present studies, we believe, clarify in a
measure this confusion. If a scheme for blood
clotting is accepted that involves only prothrom-
bin, calcium, and fibrinogen, both normal and
hemophilic prothrombins function similarly.
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However, the addition of normal prothrombin ac-
celerates the clotting of hemophilic blood, whereas
the addition of hemophilic prothrombin does not.
Hence, regardless of its behavior in a calcium
fibrinogen system, there must be a specific altera-
tion in the hemophilic “ prothrombin complex.”

The clotting substance described here is not
dialyzable, but it does pass through a Berkefeld
filter. Its range of optimal precipitation from
plasma lies between pH 59 and 6.4. It is ther-
molabile, insoluble in water at pH 6.5, but solu-
ble in isotonic saline. The substance so obtained
either gives reactions of a protein with the char-
acteristics of globulin or is associated with such
a material. However, hemophilic plasma yields
a similar material which has only minimal coag-
ulation-accelerating activity. Therefore, one may
conclude at this juncture only that the clotting
substance is precipitated with globulin, but there
is no proof that it is globulin itself.

Reiner and Reiner (20) have shown that there
are at least two serum globulins with precipita-
tion points at pH 5.1 and 6.8 respectively. It is
possible that the hemophilic abnormality is as-
sociated with only one of several globulins. It is
also possible that the active principle in globulin
substance is an enzyme. Its possible protein na-
ture, its potency in small amount, its pattern of
reaction to changes in temperature and to dilution,
its specific range of precipitation from plasma in-
vite such an hypothesis.

Heretofore, the clotting abnormality of hemo-
philia has been studied in witro. Bendien and
Creveld (21, 22) implied that in vivo studies with
a substance they isolated were promising, but
no data were given. The fact that normal glob-
ulin substance reduces the clotting time in vivo,
we believe changes the complexion of the disease
from an abnormality that was immutably fixed to
one that is amenable to change. Likewise the
preparation of a relatively stable dry substance
makes practical the further study of its properties.

Since the exact nature of globulin substance is
not definable, comparison with other substances
that are said to be active coagulation-accelerators
in hemophilia would be untimely. Recent studies
with vitamin K (23) may provide analogies.
The placental coagulant described by Eley and
his coworkers (24) may contain globulin sub-
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stance since placenta is rich in blood. However,
in several respects the two substances differ.
More closely similar appears to be that described
by Bendien and his coworkers (21) in Holland.

Obviously much remains to be learned : a more
exact definition of “globulin substance”; its
metabolism ; its relation, if any, to enzymic proc-
esses; and ultimately its relation, if any, to the
peculiar sex linkage that characterizes the disease.

SUMMARY AND CONCLUSIONS

1. Upon dilution and acidification of filtered
normal plasma there is formed a globulin precipi-
tate, which, either fresh or dried i wacuo, con-
tains a clot-promoting substance for hemophilic
blood. This substance is effective both in witro
and in vivo.

2. When the above procedure is applied to
hemophilic plasma an approximately equivalent
amount of precipitate is formed, the saline suspen-
sion of which has very little ability to hasten the
clotting of hemophilic blood.

3. Tested with a calcium-fibrinogen system
both normal and hemophilic precipitates are
equally active as “ prothrombin.”

4. In respect to clotting activity “ globulin sub-
stance ”’ so prepared from normal plasma is ther-
molabile, insoluble in water at pH 6.5, but soluble
in isotonic saline. It is not ultrafilterable, but it
does pass through a Berkefeld filter. Its range
of optimal precipitation from plasma is between
pH 5.9 and 64.
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