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best to supply total nutriment parenterally.
Part of the problem involves how best to com-
bine amino acids, minerals and calories in
the relatively small volumes of liquid which
can be given parenterally. At the present
stage of development it is generally possible
to provide only those nutrients for recupera-
tion to the point where full oral intake is re-
sumed. Potassium appears to fit into this
special group of nutrients.

Summary. 1. Results of this study point
to the critical role of potassium in amino acid
utilization following protein depletion. Rats
depleted only of protein failed completely,
even when offered a complete source of amino
acids, if at the same time potassium was with-
held. If phosphorus was withheld during the
repletion period, the rate of recovery was les-
sened, but complete failure and deaths did
not result as with potassium deprivation. De-
privation of sodium, calcium or magnesium did
not appear to have immediate limiting effects
on the appetite of protein depleted rats for a
complete amino acid source, or on their
ability to recover lost weight. 2. Fourteen mg
of potassium per rat day appeared to meet the
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requirement for this element. Addition of
10 mQv of potassium per liter to an intra-
venous protein hydrolysate appears to supply
an effective, safe ratio of potassium to amino
acid nitrogen.

1. Cannon, P. R, Frazier, L. E., and Hughes,
R. H,, Science, 1951, v113, 477.

2. , Metabolism, 1952, v1, 49.

3. Jones, J. H., Foster, C., J. Nutrition, 1942, v24,
245,

4. Frost, D. V., Heinsen, J., and Olson, R. T,
Arch. Biochem., 1945, v10, 215,

5. Frost, D. V., and Sandy, H. R., J. Biol. Chem.,
1948, v175, 635.

6. Cannon, P. R., Frazier, L. E.,, and Hughes,
R. H,, Res. Rev. (Office of Naval Research), Nov.
1950, p13.

7. Farris, E. J., and Griffith, J. Q. Jr, J. P.
Lippincott Co., Philadelphia, 1949, 2nd ed., p68-79.

8. French, J. E., A. M. A. Arch. Path., 1952, v53,
485, -

9. Eliel, L. P., Pearson, O. H., and White, F. C,,
J. Clin. Invest., 1952, v31, 479.

10. Menaker, W., and Kleiner, I. S., Proc. Soc.
Exp. Bror. axp Mep., 1952, v81, 377.

Received April 6, 1953. P.SE.B.M, 1953, v83.
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and Biologic Properties.*
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In the course of studies on the isolation of
various platelet and plasma factors active in
the process of blood coagulation the observa-
tion was made that prothrombin and stable
factor cannot be adsorbed on BaSQO, from
citrated plasma(1,2). A saline eluate from
the adsorbent, however, contained a factor
able to shorten considerably the clotting time
of recalcified human plasma and increase
‘markedly the prothrombin utilization of native

* This work was supported by grants-in-aid from
the American Heart Association; National Institutes
of Health, USPHS; and Contract with Atomic
‘Energy Commission 1276.

platelet-poor human plasma. This article
describes some of the properties and the bio-
logic activity of this factor which is tenta-
tively identified as “plasma thromboplastin”
(PT). :

Materials and methods. (a) Separation of
PT from other coagulation factors. Blood
was collected from healthy individuals in
Siliconet coated syringes and through Arquad
2-C# coated 19-gauge needles using one-tenth
volume sodium citrate 0.2 M as the anti-
coagulant. Platelet-rich plasma was separated

t General Electric Dri-Film 9987,
{ Available from Armour Co., North Chicago, Il
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by centrifugation at 1,000 rpm for 15 minutes
at 4°C and transferred to glass test tubes.
These were kept for 30 minutes at 37°C and
then centrifuged at 4,000 rpm for 30 minutes
at 4°C to remove the remaining formed ele-
ments. The supernatant was adsorbed with
BaSO, (analytical grade) (50 mg/ml). Pro-
thrombin, fibrinogen, labile factor (proaccel-
erin, accelerin, PPCF, plasma ac-globulin) and
stable factor (proconvertin, convertin, SPCA,
factor VII) were found in practically unmodi-
fied concentration and activity in the super-
natant plasma. The BaSO, was washed
thoroughly twice with distilled water at 4°C;
finally an eluate was obtained by treatment
with 0.85% NaCl solution (or sodium citrate
0.2 M) equal in volume to 1/10 that of the
original plasma. The eluate was free of known
coagulation factors and contained a highly
potent preparation of PT. Optimum elution
was obtained at pH 6.3 and 37°C. Maximum
activity was obtained after 15 to 20 minutes
incubation in glass. (b) Further purification
of PT. The eluate containing PT was again
adsorbed on BaSO, and the PT eluted with
0.85% NaCl solution. After acidification to
pH 5.0 with bubbling CO, at 5°C a precipi-
tate formed which was separated by centrifu-
gation and found inactive. The supernatant
yielded a white precipitate after 259% satura-
tion with (NH,)s SO,. The precipitate was
redissolved to the original volume of the
eluate with 0.85% NaCl solution and dialyzed
against 0.85% NaCl at 5°C for 24 hours.
The final product represented a highly puri-
fied preparation of PT, with an average of 20
units (as defined below) per mg of N. (c)
Assay of PT. The assay of PT activity was
carried out as follows: Blood was collected in
Silicone-coated glassware with the double-
syringe technic(3) through Arquad 2-C coated
needles without anticoagulant. It was centri-
fuged immediately at 4,000 rpm for 30 min-
utes. The “native” plasma contained ap-
proximately one to 2 platelets/cu mm and
would only clot after several hours when in-
cubated at 37°C in Silicone-coated test tubes.
The prothrombin activity of its serum, as de-
termined with a one-stage procedure (4) would
be as high or higher than that of the original
plasma. 0.1 m! of the PT eluate obtained as
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described in (a) was added to 0.9 ml of plate-
let-poor native plasma in glass test tubes.
Clotting occurred promptly. One hour later
the prothrombin activity of the serum was de-
termined. The prothrombin time obtained
was translated into percentage of prothrombin
activity by the use of a dilution curve. This
was prepared by the following technic. A
potent preparation of PT eluate was diluted
from 100 to 10% with 0.85% NaCl solution.
0.1 ml of each dilution was added to 0.9 ml of
platelet-poor native human plasma. The pro-
thrombin time of the serum from each mixture
was then obtained one hour after clotting.
The actual times were then plotted against
dilution on semi-logarithmic graph paper.
Activity of PT was calculated as the difference
between 100 and the per cent activity of the
serum. Thus, if serum exhibited a prothrom-
bin activity of 40% the potency of the PT
added to the native plasma would be (100-40)
60%. (d) Unit of PT. With the availability
of a purified preparation, a unit of PT was
tentatively established. This is “the amount
of material which added in the volume of 0.1
ml to 0.9 ml of platelet-poor native human
plasma will halve the prothrombin activity of
the resulting serum one hour after the com-
pletion of clotting as measured by the one-
stage prothrombin consumption test.” As
already stated, most of the purified prepara-
tions contained approximately 20 units of PT
per mg of N.

Results. (a) Activity of PT. As indicated
in Table I, PT was able to shorten markedly
the clotting time of native plasma and of fresh
normal human recalcified oxalated plasma. It
normalized the clotting time, if prolonged,
and the prothrombin utilization during clot-
ting of native normal platelet-poor plasma
(collected in Silicone) and plasma of patients
with known hemophilia, thrombocytopenic
purpura, and thrombasthenia. On the other
hand, PT was unable to correct the delayed
prothrombin time of plasma from patients
treated with high doses of Dicumarol (show-
ing marked deficiency of prothrombin and
stable factor). Also, the delayed prothrom-
bin time of stored human plasma (depleted of
labile factor) was not affected. These results
were confirmed by experiments in which PT
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TABLE I. Activity of Plasma Thromboplastin.*
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Prothrombin activity of

Clotting time, min. serum, %
Before After Before After
adding PT  adding PT adding PT  adding PT

1. Native human plasma 515" 230~ 12.5 0
2. 7 platelet-free human plasma 90’ 7'15” 95 0
3. Normal human oxalated plasma (recalcified) 2'15” 42" = —
4. Hemophilic plasma 29/ 12f 100 4.5
5. Thrombocytopenic plasma 6’ 3’ 82 0
6. Plasma from patient with thrombastenia — — 58 2

Prothrombin activity of

Labile factor activity of

plasma, % plasma, %
Before After Before After
adding PT  adding PT adding PT  adding PT
7. Plasma of Dicumarolized patients 12 11 — —
8. Stored human plasma 2.5 2.5 10.5 12

*In each instance, PT eluate was added to various plasmas in 1/10 (equivalent to the amount of
PT thromboplastin in 1 ml of plasma, sines purified preparation is concentrated 10 times). The pro-
thrombin activity of serum was determined 1 hr after completion of clotting. Each instance represents

a typical experiment,

TABLE IT. Activity of Plasma Thromboplastin from Various Citrated Plasmas, Platelets and Serum.*

Prothrombin Plasma
activity of thromboplastin
serum, % activity, %
1. Normal platelet-rich human plasma 1.5 98.5
2. 7 7 " 7 ”  (incubated in Silicone) 75.5 24.5
3. ! ”  -poor 82.0 18.0
4. Suspension of washed plateletst 86.0 14.0
5. ” ” 7 " - platelet-poor plasma 29.0 71.0
6. » ” 7 ,ether treated platelets -+ platelet-poor plasma 91.5 8.5
7. Normal human serum, shortly after coagulation 91.5 8.5
8. Plasma from heparinized patients 22.0 78.0
9. " 7 Dicumarolized patients (plasma prothrombin activity 1.0 99.0
9%

10. Hemophilie plasma ) 85.0 15.0
11. Thrombocytopenic plasma 80.5 19.5
- 12. Hemophilic 4 thromboeytopenic plasma 9.5 90.5

* In each instance 1/10 ml of purified PT obtained from i)iajémas, platelets or serum as described
was added to 9/10 ml of platelet-poor fresh native human plasma; mixture allowed to clot and pro-
thrombin time of serum determined 1 hr after completion of clotting. Each instance represents a typ-

ical experiment.

t Platelets were resuspended, after washing, in 1/3 volume saline; ground with BaSO, and the BaSO0,

eluted with saline solution.

eluates were prepared from plasma of various
patients (Table IT). Fully active eluates were
obtained not only, as expected, from normal
citrated plasma but also from plasma of
severely heparinized or Dicumarolized pa-
tients. Human plasma stored for one week
at 4°C exhibited only 15% labile factor ac-
tivity but 50% plasma thromboplastin activ-
ity. On the other hand, no or minimal PT
was obtained from plasma of severe hemo-
philiacs and patients with thrombocytopenic
purpura; from isolated and washed platelets;

from platelet-poor and platelet-free plasma,
and from platelet-rich plasma carefully col-
lected and kept in Silicone-coated surfaces.
When thrombocytopenic and hemophilic plas-
mas; and isolated platelets and platelet-poor
plasma were mixed, an eluate of normal PT
activity was obtained. This did not occur
when platelets were treated with ether prior
to incubation with plasma. Eluates from
serum immediately and at progressive inter-
vals after clotting were found to contain prac-
tically no PT activity.



108

TABLE ITII. Properties of Plasma Thromboplastin.

1. Stable at 56°C for 30 min.

2, Fully active after 1 wk storage at —20°C; 509%
active after 1 wk storage at 4°C; practically in-
active after 3 wk storage at 4°C,

3. Not dialyzed against 0.85% NaCl solution for
24 hr.

4. Not sedimented after centrifugation at 40000
RPM for 1 hr.

5. Absorption curve shows maximum optical den-
sity at 278 u.

6. Adsorbed on tri-caleium phosphate gel and ba-
rium sulfate from citrated plasma; eluted from
it by 0.85¢% XNaCl solution or 0.2 molar sodium
citrate; maximal elution at pH 6.3, and 37°C.

. Absorbed on 209, 309 and 50% ashestos filters.

8. Completely precipitated from solution by 25%
saturation with ammonium sulfate.

(b) Properties of PT (Table IIT). Samples
of a saline eluate of Plasma Thromboplastin
were still fully active after one week of storage
at —20°C; samples stored at 4°C showed a
loss of 50% activity after one week and total
loss after 3 weeks. PT activity was relatively
unimpaired after 30 minutes incubation at
56°C and after dialysis against 0.85% NaCl
solution for 24 hours. Centrifugation of the
eluate at 40,000 rpm for one hour failed to
produce any precipitation and the upper layer
was fully active. After centrifugation at
40,000 rpm for one hour maximal PT activity
was obtained from the uppermost layer of
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plasma. A purified eluate showed maximum
absorption at 278 u (Fig. 1). Further chem-
ical and electrophoretic data are being ob-
tained. Asbestos filters 20%, 30%, and 50%
absorbed PT completely. This, as already
mentioned, could be precipitated from solution
by 25% saturation with (NH,)2SO4.

(c) In vivo efiects of PT. PT was admin-
istered to 4 patients with thromboplastin-
deficiency states, 3 with ‘“amegakaryocytic”
thrombocytopenic purpura and one with
severe hemophilia. PT from 4 pints of
freshly collected blood was prepared as de-
scribed in the section on methods (a) and in-
jected intravenously in a total volume of ap-
proximately 150 ml in 0.85% NaCl solution
over a period of 25 minutes. There was no
change in pulse rate, body temperature or
blood pressure, nor did the patients complain
of any subjective symptoms. In one of the
patients receiving 2 injections at 15 days in-
terval there was, likewise, no anaphylactoid
reaction to the second administration.

In the 3 thrombocytopenic patients the
prothrombin utilization during clotting was
significantly increased for at least 8 hours
following the injection (Fig. 2) and the clot-
ting time of recalcified plasma slightly short-
ened, while no important change in the con-
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FIG. 1. Absorption curve of purified plasma thromboplastin.



NATURE, AcTIVITY OF PrasmMa THROMBOPLASTIN

109

EFFECT OF THE ADMINISTRATION OF RT {from 800ml.
plasma) IN ONE PATIENT WITH "ANEGAKARYOGYTIG®
THROMBOCYTOPENIG PURPURA (i50ml. of eluate in saline)
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FIG. 2. Effect of administration of ‘¢ plasma thromboplastin’’ (from 900 ml of plasma) in one
patient with ‘¢ Amegakaryoeytie’’ thromboeytopenic purpura (150 ml of eluate in saline.

centration or activity of plasma prothrombin,
labile factor, stable factor or fibrinogen was
noted. The prolonged bleeding time and posi-
tive tourniquet test were unaffected. The pa-
tient with hemophilia showed only minor and
transient acceleration in the clotting time and
increase in the prothrombin utilization imme-
diately after the administration of PT. The
patient, however, had received only 1/3 of
the minimum amount of PT iz vivo needed to
correct his hemorrhagic defect in vitro and
therefore, possibly, an insufficient amount to
cause any changes. The platelet count was
halved immediately after infusion but re-
turned to the original level within one hour.
Discussion.  Physico-chemical properties
and biologic activity differentiate PT from
other known coagulation factors. The de-
velopment of this agent requires the presence
of at least one or more platelet and plasma
factors and of a foreign surface. This makes
it unlikely that PT represents an independent
coagulation factor. It is generally conceded
that the first stage of blood coagulation con-
sists in the activation of thromboplastin fol-
lowing shedding of blood. It is likely that PT
represents the product of this preliminary

phase of blood clotting. Calcium is not ap-
parently needed for the evolution of PT
which, however, requires the presence of a
foreign surface. Whether such a surface
activates a plasma component or causes the
liberation of a platelet factor or both cannot
be stated from the data available at this time.

Summary. 1. A factor (plasma thrombo-
plastin) can be absorbed from citrated human
plasma which shortens the clotting time of
normal oxalated recalcified human plasma and
increases the prothrombin utilization of plate-
let-poor hemophilic and thrombocytopenic
plasma. This factor has been eluted and
purified. An assay for its activity has been
developed. A unit of activity, physico-chem-
ical properties and biologic activity have been
defined. 2. Plasma thromboplastin can be
clearly differentiated from other known co-
agulation factors on the basis of its proper-
ties; its evolution requires one or more plate-
let and plasma factors and contact with a
foreign surface. It probably represents the
final product of the first phase of blood co-
agulation (activation of thromboplastin). Its
administration has been proven to correct
in vivo the defective prothrombin utilization
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of thromboplastin-deficiency states.
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Studies of the mechanism of thiopental de-
toxication have led to the conclusion that its
short duration of action is due to its localiza-
tion in the fat depots of the body, rather than
to its rapid destruction(1). This conclusion
implies that the amount of body fat greatly
influences the duration of thiopental anes-
thesia. Hermann and Wood(2) successfully
demonstrated this by showing that a 5 g %
decrease in body fat resulted in a 100% in-
crease in the duration of thiopental anesthesia.
As a result of these findings it was deemed of
interest to determine the effect of dietary fat
on the duration of thiopental anesthesia.

Methods. A homogeneous group of non-
starved albino white rats was divided into
two groups with an equal number of both
sexes in each group. Two hours before the
injection of thiopental each member of one
group was fed 2 cc of corn oil by stomach tube
while the other group received nothing, other
than their normal diet. Then 30 mg/kg of
sodium thiopental* (10 mg/cc in isotonic
saline) was injected into a tail vein. The
anesthesia time was determined by the dura-
tion of the loss of the righting reflex, that is
the time taken for the animals to roll over onto
their feet from the supine position. The rats
were not injected oftener than once every 14
days to avoid an acute thiopental tolerance
(3).

Results. Throughout this experiment con-
siderable difficulty was encountered because
of a large day to day variation in anesthesia
time, which cannot be satisfactorily explained.
On some days a mean sleeping time of 76

* Pentothal (Abbott).

minutes for the control group and 25 minutes
for the oil group has been obtained; while on
other days, using the same dose, a mean sleep-
ing time of 22 minutes for the control group
was obtained as opposed to 11 minutes for the
oil group. The results tabulated in Table I
Exp. A and B demonstrate this wide day-to-
day variation, but also show that in spite of
this daily variation there consistently re-
mained a significant difference between the
sleeping time of the control and the oil fed
group. The data presented in Table I, Exp.
C were obtained by processing the entire lot
of 34 rats in one day to eliminate the day-to-
day variation. It can be readily observed that
a highly significant decrease in anesthesia time
was induced by the oral administration of oil.

Discussion. A review of the work of Brodie
et al.(4) suggests a possible explanation for
this difference. Brodie has shown that fol-
lowing the administration of thiopental a
shift in concentration occurs until an equi-
librium is reached at which time the body fat
contains about 15 times the concentration of
thiopental of the plasma and other body tis-
sues. Under the conditions of this experiment
a chylomicronemia and hyperlipemia might be
expected to occur following the ingestion of
the oil. When the thiopental is injected it
may be taken up by the chylomicrons, thus re-
ducing its effective blood concentration and
therefore decreasing its anesthetic action.
This might be visualized as a partition of the
thiopental between the lipid and aqueous
phases of the body. The additional lipid sup-
plied by the ingestion of the oil causing a re-
duction in the thiopental in the aqueous phase.



