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This invention relates to a method for the preparation
and isolation of a substance from horse, bovine, human
or rabbit plasma capable of increasing the activity of
thromboplastic material. More specifically, the invention
relates to the fractionation of horse or rabbit plasma
whereby there is obtained a substance having the ability
to increase the activity of a thromboplastic material which
has a prothrombin time, as determined by the Shapiro-

einer method, longer than nine seconds.

Thromboplastin has accepted value for use in the deter-
mination of prothrombin time, which is a measure of the
amount of prothrombin present in a tested blood sample.
The determination of prothrombin time is useful clini-
cally, for the fact that it varies with a variety of clinical
situations has been well established. It is known that
vitamin deficient diets may result in prolonged pro-
thrombin time. Biliary diseases frequently result in pro-
Ionged prothrombin time and are considered to be related
to impaired vitamin X absorption. Impaired liver func-
tion results in prolongation of prothrombin time. A vari-
ety of drugs such as the salicylates and especially Di-
cumarol affect the prothrombin time to a degree consid-
ered sufficient to be of clinical significance.

The two-stage theory of Morawitz for the mechanism

of blood coagulation postulates, as a first stage, the inter-
action of prothrombin, calcium ion, and thromboplastin
vhich results in the formation of thrombin and; as a sec-
ond stage, the reaction of thrombin with fibrinogen to
form fibrin. Fibrin fibers are largely responsible for the
characteristic properties of clotted blood. Tt has been
shown that the addition to blcod of small amounts of
thromboplastin can accelerate cletting time, generally re-
ferred to as prothrombin time, from.the usual several
minutes down to a few seconds. Thromboplastin, other-
wise known as the platelet-tissue factor, is essential to the
blood clotting mechanism but has not been definitely
identified chemically. - The mechanism of the activity and
function of thromiboplastin in blood clotting is not settied
but most workers believe it to be enzymatic, and that
thromboplastin acts to catalyze the comversion of pro-
thrombin to thrombin probably through an intermediate
prothrombin - thromboplastin - calcium complex. Since
thrombin is a protein essential to the formation of fibrin
and thromboplastin is necessary for the conversion of
prothrombin to thrombin, the measurement of prothrom-

| bin time, wherein a standardized -preparation. of -thrombo-

plastin is used, has come to be considered as ‘yielding in-
formation of great clinical valte. -

It is an object of this invention to provide. a process
for the fractionation of horse, bovine, human, or rabbit

. plasma whereby a substance is isclated which is capable
© of ‘increasing the activity of thromboplastic material
" “which has a prothrombin time of longér than nine seconds.

It is another and further object of this invention to
provide a substance-from horse, bovine, human, or rabbit

plasma which upon addition to thromboplastic material

obtained from rabbit brain or lung tissue, or a mixture
thereof, results in a decrease in the prothrombin time of
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plasma as determined by our modification of the Shapiro-
Weiner method.

Other objects and more particular advantages of the
invention will appear from the following description as
well as the appended claims.

.-The objecis of this invention are accomplished by a
process in which de-prothrombinized horse, bovine, hu-
man, or rabbit plasma is substantially freed of albumin
and alpha-globulins by extraction with a first buffered
aqueous alcohol solution and exiracted with a second
buffered aqueous alcohol solution to obtain a substance
which, upon addition to thromboplastic material having a
prothrombin time of longer than nine seconds, increases
the activity thereof.

More particularly, in the process of this invention,
horse, bovine, human, or rabbit plasma to which a heparin
sodivm solution has been added to prevent -coagulation,
is centrifuged in order to obtain the plasma. The plasma
is slurried with two to five percent, and preferably five
percent, of barfum suifate, the barium sulfate being ex-
pressed in grams, and the plasma in cubic centimeters.
At least two percent of barium sulfate is required to re-
move all the prothrombin, and the presence of more than
five percent results in a mixture of such a consistency that
physical handling thereof is extremely difficult. The
siurry is stirred for one hour in order that the maximum
amount of prothrombin be completely adsorbed, and is
then centrifuged. It is preferred that the adsorption be
repeated to insure complete removal of prothrombin,
preferably with the same amount of barium suifate, and
upon centrifugation after the second adsorption, the
plasma is prothrombin free. Albumin and alpha-globu-
lins .are extracted from the prothrombin-free plasma by
the addition of a first buffered aqueous alcohol solution
and centrifugation. The alcohol may be ethanol, meth-
anol or a mixture of methanol and ethanol and may be
present in an amount of from about 15 to 30 percent by
volunte, but it is preferred that the amount be about 25
percent. If the amount is less than about 15 percent, a
significant amount of active substances remain in solu-
tion, and if the amount is greater than about 30 percent
a substantial amount of inactive material is present in the
precipitate. “The first aqueous alcohol solution is buffered
within the pH range of from 4 to 5, the preferred pH
being 4.2 to 4.6. Buffering below a pH of 4 results in
incomplete solution of albumin in the extracting solution
and buffering above a pH of 5 results in a significant
amount of the desired plasma fraction being lost in the
extracting solution. In general, any buffer system capable
of maiataining the pH of the mixture of the first aqueous
alcohol solution and prothrombin-free plasma within the
range of 4 to 5 may be used. The preferred buffer system
is sodium acetate-acetic  acid; however, buffer systems
such as sodium succinate-succinic acid, and sodium acid
phihalate-phthalic acid, have been found suitable.

The volume of first aquecus alcchol solution used may
vary widely, but the most efficient reinoval of albumin
and alpha-globulin from the prothrombin-free plasma is
accomplished when the volume is three to five times the
volume of the plasma. It is preferred that the volume of
the first agueous alcohol solution be about four times the
volume of the plasma.

It is necessary that the extraction and removal by
centrifugation of albumin and alpha-globulins in solution
in the first aqueous alcohol solution be accomplished at
a low temperature in order that they be efficiently re-
moved from the plasma. Extraction and removal at a
higher temperature results in denaturation of ‘albumin
and alpha-globulins by the alcohol and incomplete re-
moval  thereof in the extracting solution. The pro-
thrombin-free horse, bovine, human, or rabbit plasma
is coaled to 5 tc 0° C., and preferably to 0° C., and
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the first aqueous alcohol solution, which has been cooled
to —5 to —10° C., is slowly added with stirring and
during the course of the addition, the temperature of
the mixture is maintained between 0 and —5° C., and
preferably at about —5° C. After addition is completed
the mixture is stirred for about 30 minutes and during
this time the temperature of the mixture is maintained
at 0 to —5° C., and preferably at —5° C. Immediately
after stirring is discontinued, the mixture is centrifuged
and during the centrifugation the temperature is main-
tained at 0 to —35° C., and preferably —5° C. The
supernatant, which consists mainly of albumin and alpha-
globulins is discarded and the residue is extracted with
2 second buffered aqueous alcohol solution to obtain
the desired plasma fraction.

The alcchol in the second aquecus alcohol solution
may be ethanol, methanol, or a mixture of ethanol and
methanol and the alcohol, or mixture of alcchols, is
present in an amount from 5 to 20 percent by volume
and preferably in an amount of about 16 percent by
volume. The second agueous alcchol solution is buffered
at a pH within the range of from 6 to 8, and preferably
6.8 to 7.2. A solution buffered outside this pH range
extracts significantly less of the desired plasma fraction
from the residue of the first extraction. The second
aqueous alcohol solution contains alkali metal salt of
an amino acid having not more than six carbon atoms,
such as alanine, glycine, proline, or serine. In general,
other amino acids are not sufficiently soluble in the sec-
ond extracting solution. The alkali metal salt acts as
a stabilizing agent for the material to be extracted from
the plasma, as a solublizer for beta- and gamma-globulins,
and as an active part of the buffer system. The amino
acid is present in an amount within the range of 410 6
percent by weight, and preferably 5.4 to 5.8 percent by
weight. At a concentration less than 4 percent by weight,
the solubilizing effect of the amino acid is significantly
decreased; on the other hand, the solubilizing effect is
not increased when the concentration is greater than 6
percent. Phosphates such as mono- or di-sodium phos-
phate are also present in the second aqueous alcohol
solution as part of the buffer system and the pH of the
solution is adjusted to the desired value with an alkali
metal hydroxide. Any buffer system may be used which
is effective within a pH range of 6 to 8.

The amount of the second aqueous alcohol solution
used in the extraction of the albumin and alpha-globulin-
free residue may vary widely but an amount of solution
three to five times, and preferably four times, the volume
of the criginal plasma resulis in the most efficient recovery
of the desired plasma fraction. The second aqueous
alcohol solution is preferably cooled to 0° to —5° C.
and added at that temperature to the residue. The mix-
ture of residue and second aquecus alcchol solution is
stirred at a temperature of 0 to —5° C., and preferably
at —5° C., for about 30 minutes, and then centrifuged
and the residue from the centrifugation which ccasists
mainly of beta-globulins and fibrinogen is discarded.
During centrifugation the temperature is preferably kept
at —1° to —5° C. The supernatant, which contains the
desired plasma fraction, is filtered, dialyzed against dis-
tilled water at a temperature of 1 to 5° C., and the di-
alystate is lyophilized. (The term “dialysate” as used
in this specification designates the material which has
failed to pass through the dialysis membrane.) Denat-
uration of the desired plasma fraction is at a minimum
when the temperature during dialysis is within the range
of 1to 5° C. The solid material obtained upon addition
to thromboplastic material enhances its thromboplastic
activity.

In order that those skilled in the art mey better under-
stand how the present invention may be carried into
effect, the following examples are given by way of iilus-
tration but not by way of limitation.
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Example 1

Fifty ml. of heparin sodium solution were added to
20 liters of horse blood and the mixture was centrifuged
for 30 minutes at 25° C. Nine liters of the supernatant
plasma were slurried with 450 grams of barium sulfate
at 25° C., stirred for one hour and centrifuged. The
supernatant was slurried with 450 grams of barium sul-
fate, stirred for one hour at 25° C. and centrifuged.
The prothrombin-free plasma obtained, which had a
volume of eight and one-half liters, was cooled to 0° C.

Thirty-four liters of an aqueous alcohol solution buffered .

at a pH of 4.6 was cooled to a temperature of 0° C. and
added to the plasma at such a rate that the temperature
of the mixture throughout the addition was below 0°
C. The mixture was stirred for 30 minutes at —5° C.
after addition was complete and then centrifuged and
the temperature of the mixture was maintained at a tem-
perature of —5° during the centrifugation. The super-
natant, which contained substantially all the albumin
and alpha-gicbulins of the plasma; was discarded. The
aqueous alcohol solution contained per liter,
of methanol, 237% ml. of 95 percent ethanol, and 0.6
ml. of an acetate buffer solution prepared by diluting
a mixture of 20 ml. of 4 molar soduim acetate and 40
ml. of 10 molar acetic acid to 100 mlL with water. - The
residue from the centrifugation was finely dispersed with
a spatula in 34 liters of the aqueous alcohol extracting
solution buffered at a pH of 7. The temperature of the
extracting solution and residue during the dispersion
was maintained at —5° C. and after dispersion was
complete the mixture was stirred for 30 minutes at a
temperature of —35° C. and centrifuged. The tempera-
ture of the mixture during the centrifugation was main-
tained at —5° C. The supernatant was filtered and di-
alyzed against distilled water. The temperature of the
supernatant during filtration and dialysis was maintained
at 5° C. The dialysate was lyophilized and 350 grams
of solid were obtained. The solid had no demonstrable
thromboplastic activity. The aqueous alcohol extracting
solution contained, per liter, 8 ml. of methanol, 152 ml.
of 95 percent ethanol, 56 grams of glycine, 3.12 ml. of
a solution of sodium glycinate, prepared by dissolving
4.5 grams of glycine and 2.0 grams of sodium hydroxide
in 100 ml. of water, 4 ml. of 0.5 molar disodium hy-
drogen phosphate, and 2.76 ml, of 0.5 molar monosodium
dihydrogen phosphate.

Example 11

Three ml. of heparin sodium solution were added to
1200 ml. of rabbit blood and the mixture was centrifuged
for 30 minutes at 25° C. Six hundred-twenty ml. of
the supernatant plasma were slurried with 31 grams of
barium sulfate at 25° C., stirred for one hour and cen-
trifuged. The supernatant was slurried with 31 grams
of barium sulfate, stirred for one hour at 25° C., and
centrifuged. The prothrombin-free plasma obtained,
which had a volume of 656 ml. was cooled to 0° C.
Two thousand two hundred-sixty ml. of an aqueous al-
cohol solution buffered at a pH of 4.6 was cooled to a
temperature of 0° C. and added to the plasma at such a
rate that the temperature of the mixture throughout
the addition was below 0° C. The mixture was stirred

for 30 minutes at —5° C. after addition was complete and

then centrifuged and the temperature of  the mixtur
was maintained at a temperature of —5° during the cen
trifugation. The supernatant, which contained substan-

tially all the albumin and alpha-globulins of the plasma,

was discarded. The aqueous alcohol solution contained
per
cent ethanol and 0.6 ml. of an acetate buffer solution
prepared by diluting a mixture of 20 ml. of 4 molar
sodium acetate and 40 ml. of 10 molar acetic acid to 100
ml with water. The residue from the centrifugation was
finely. dispersed with a spatula in 2260 ml. of the aqueous

122 ml. .

liter, 12% ml. of methanol, 23715 ml, of 95 per- -
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alcohol extracting solution buffered at a pH of 7.  The
temperature of the extracting solution and residue during
the dispersion was maintained at —5° C. and after dis-
persion was complete the mixture was stitred for 30
minutes at a temperature of —5° C. and centrifuged.
The temperature of the mixture during the centrifugation
was maintained at —5° C. The supernatant was filtered
and dialyzed against distilled water. The temperature
of the supernatant during filtration and dialysis was main-
tained at 5° C. The dialysate was lyophilized and
eight grams of solid were obtained. - The solid had no
demeonstrable thromboplastic activity. The aqueous al-
cohol extracting solution contained, per liter, § ml. of
methanol, 152 ml. of 95 percent ethanol, 56 grams of
glycine, 3.12 ml. of a solution of sodium glycinate, pre-
pared by dissolving 4.5 grams of glycine and 2.0 grams
of sodium hydroxide in 100 ml. of water, 4 ml. of 0.5
molar disodium hydrogen phosphate, and 2.76 ml. of
0.5 molar monosodium dihydrogen phosphate. -

A plasma fraction prepared as above has the ability
to increase the activity of a thromboplastic material
which has a prothrombin time, as determined by our
modification of the Shapiro-Weiner method, longer than
nine seconds. A suitable thromboplastic material was
prepared as follows:

Seventy-six grams of frozen rabbit brain and 1440
grams of frozen rabbit lung were homogenized at 5° C.
for one minute in the presence of 7600 ml. of an aqueous
solution containing, per liter, 150 ml. of an alcoholic
solution prepared by adding 7.5 ml. of methanol, 15
grams of glycine, 4.8 ml. of one molar aqueous sodium
acetate solution, and 2.6 ml. of one molar aqueous acetic
acid solution to 142.5 ml. of 95 percent ethanol. The
homogenate was stirred for two hours at 5° C. and
centrifuged at —5° C. for thirty minutes. The super-
natant liquid was filtered, dialyzed against distilled water
at 5° C. and lyophilized. Forty-four and forty-six hun-
dredths grams of thromboplastic solid material were ob-
tained.

The thromboplastic activity, as measured by the pro-
thrombin time, of the thromboplastic material prepared
as above was determined as follows:

A calcium-thromboplastin suspension was prepared in
a test tube by adding 100 milligrams of lyophilized solid
to 20 ml. of 0.85 percent aquecus sodium chloride solu-
tion, admixing by inverting the tube three or four times
until a uniform suspension was obtained, keeping the sus-
pension in a water bath at 46-50° C. for twenty minutes,
centrifuging, cooling the supernatant to room tempera-
ture, adding 0.1 ml. of 0.25 molar calcium chloride so-
lution to 4 ml. of the suspension, mixing as above, and
centrifuging again. Two-tenths ml. of the slightly turbid
supernatant liquid was added to 0.1 ml. of fresh, oxalated
human plasma which had been prepared by the addition
of 0.1 molar aqueous sodium oxalate solution to fresh
human blood in the proportion of one part sodium
oxalate solution to nine parts of blood and centrifugation
of the oxalated blood. The mixture of supernatant so-
lution and oxalated human plasma was agitated at 37°
C. by tilting the test tube back and forth and timing the
first appearance of a fibrin clot. Clot formation was de-
tected in twenty-five seconds after addition of the super-
natant liquid to human plasma.

The calcium-~thromboplastin suspension, in the form of
the slightly turbid supernatant liquid prepared above, was
mixed with a solution of the plasma fraction, prepared
according to Example II and containing five mg. of
plasma fraction per ml of 0.85 percent aqueous sodium
chloride solution, so that a series of mixed solutions
containing varying proportions of the calcium-thrombo-
plastin suspension and the saline solution of the plasma
fraction resulted. The first and second columns in the
table below give the amounts in milliliters of calcium-
thromboplastin suspension and saline solution of the
plasma fraction, respectively, in the series of mixed so-
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Iutions. The thromboplastic activity, as measured by
prothrombin time, of each of the solutions of the series
was determined by adding .2 ml. of the solution to 0.1
ml. of fresh, oxalated human plasma which had been
prepared by the addition of 0.1 molar aqueous sodium
oxalate solution to fresh human blood in the proportion
of one part sodium oxalate solution to nine parts of blood
and centrifugation of the oxalated blood. The mixture
of solution and oxalated human plasma was agitated at
37° C. by tilting the test tube back and forth and timing
the first appearance of a fibrin clot. The values in the
third column of the table below represent the time in
seconds for clot formation to occur following addition
of the solution to the human plasma.

0.9 0.1 14
19 0.1 17
2.9 0.1 20
3.9 0.1 21
4.9 0.1 22
1.0 0 25

All determinations of thromboplastic activity, as meas-
ured by prothrombin time, were determined by our modi-
fication of the Shapiro-Weiner method for determining
prothrombin time of blood, which is described in a book
entitled: “Coagulation, Thrombosis and Dicumarol,” by
Shapiro and Weiner, published in 1949 by the Brooklyn
Medical Press, Brooklyn, New York.

It will be obvious to those skilled in the art that various
changes may be made without departing from the spirit
of the invention and therefore it is to be understood that
the invention is not limited to what is described in the
specification and examples but only as indicated in th~
appended claims.

What is claimed is:

1. A process for the preparation of a substance capabl«
of increasing the activity of thromboplastic material, cot:-
ducted at a low temperature throughout, comprising the
steps: adding to a unit volume of prothrombin-free
plasma selected from the class consisting of horse, bovine,
human, and rabbit prothrombin-free plasma, three to
five volumes of a first aqueous alcohol solution buffered
at a pH of 4-5 and containing about 15-30 percent by
volume of an alcohol selected from the class consisting
of methanol and ethanol and mixtures thereof, stirring
and centrifuging the mixture, separating the supernatant
from the residue; and adding to the residue three to five
volumes based on plasma volume of a second aqueous
alcohol solution buffered at a pH of 6-8 and containing
5~20 percent by volume of an alcohol selected from the
class consisting of methanol and ethanol! and mixtures
thereof and 4-6 percent by weight of an alkali metal salt
of an amino acid having not more than six carbon atoms,
stirring and centrifuging the mixture, filtering the super-
natant, dialyzing the filtered supernatant against distilled
water, and lyophilizing the dialyzed supernatant.

2. A process for the preparation of a substance capable
of increasing the activity of thromboplastic material com-
prising the steps: adding at a temperature of —5° to
—10° C. to a unit volume of prothrombin-free plasma
selected from the class consisting of horse, bovine, human,
and rabbit prothrombin-free plasma at a temperature
of 5 to 0° C., about four volumes of a first aquecus
alcchol solution buffered at a pH of 4.2-4.6 and contain-
ing about 25 percent by volume of an alcohol selected
from the class consisting of methanol and ethanol and
mixtures thereof, stirring and centrifuging the mixture,
and separating the supernatant from the residue while the
temperature is maintained at 0° to 5° C. and adding
while the temperature of 0° to —5° C. to the residue at
a temperature is 0° to —5° C., three to five volumes
based on plasma volume of a second aqueous alcohol
solution, at a temperature of 0° to —5° C., buffered at
a pH of 6.8 to 7.2 and containing about 16 percent by
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volume of an alcohol selected from the class consisting of
methanol and ethanol and mixtures thereof and 5.4-5.8
percent by weight of an alkali metal salt of -an amino
acid having not more than six carbon atoms, stirring the
mixture while the temperature is at 0° to —3° C., cen-
trifuging the mixture, filtering the supernatant, and dialyz-
ing the filtered supernatant against distilled water while
the temperature is at 1° to 5° C., and lyophilizing the
dialyzed supernatant.

3. A substance capable of increasing the activity of
thromboplastic material prepared at a low temperature
from prothrombin-free plasma, selected from the class
consisting -of horse, bovine, human, and rabbit pro-
thrombin-free plasma, by adding to a unit volume of the
plasma 3-5 volumes of a first aqueous alcohol solution
buffered at a pH of 4-5 and containing about 15-30
percent by volume of an alcohol selected from the class
consisting of methanol and ethanol and mixtures thereof,
stirring and subsequently centrifuging the mixtures, sep-
arating the supernatant from the residue; and adding to
_ the residue 3-5 volumes based on plasma volume of a
second aqueous alcohol solution buffered at a pH of 6-8
and contaiming 5-20 percent by volume of an alcohol,
selected from the class consisting of methanol and ethanol
and mixtures thereof and 4-6 percent by weight of an
alkali metal salt of an amino acid having not more than
six carbon atoms, stirring and centrifuging the mixture,
filtering the supernatant and dialyzing the filtered super-
natant against distilled water, and lyophilizing the dialyzed
supernatant.

4. A substance capable of increasing the activity of
thromboplastic material prepared from prothrombin-free
plasma, selected from the class consisting of horse, bovine,
human, and rabbit prothrombin-free plasma, by adding,
at a temperature of 0 to —5° C., to a unit volume of the
plasma, maintained at a temperature of —35° to —10° C.

[
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about four volumes of a first aqueous alcohol solution
buffered at a pH of 4.2-4.6 and containing about 25
percent by volume of an alcohol selected from the class
consisting of methanol and ethanol and mixtures thereof,
stirring and subsequently centrifuging the mixture while
the temperature thereof is maintained at 0° to —5° C,
separating the supernatant from the residue; and adding
to the. residue while the temperature is 0° to —5° C,,
3-:5 volumes based on plasma volume of a second aqueous
alcohol .solution, at a temperature of 0° to —5° C,
buffered at a pH of 6.8-7.2 and containing about 16 per-
cent by volume of an alcohol selected from. the class
consisting of metharol and ethanol and mixtures thereof,
and 5.4-5.8 percent by weight of an alkali metal salt of
an amino acid having not more than six carbon atoms,
stirring and subsequently centrifuging while the . temper-
ature is at.0° to —5° C.,, filtering and dialyzing the filtered
supernatant against the distilled water while the temper-
ature is at 1°=5° C., and lyophilizing the dialyzed super-
natant.
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