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The thromboplastin generation test, originally
described by Biggs and Douglas (2), has proved
to be a valuable tool in the study and diagnosis of
hemorrhagic disease. Several problems have
arisen from its use, however. These have cen-
tered about the preparation of the reagents for the
test and the implications of an abnormal test re-
sult. This test, which measures the rate of forma-
tion and the amount of plasma thromboplastin,
may be performed with platelet factor 3 supplied
by either a platelet suspension or an emulsion of
phosphatides from soybeans or brain. In the
routine performance of the test we have used a
soybean phosphatide.

Early in the course of our studies with the
thromboplastin generation test, we occasionally
found a serum factor deficiency different from
deficiencies of PTC (factor IX) or Stuart factor
(factor X). This labile serum factor defect was
not evident in fresh serum but developed as the
serum was aged from 3 to 24 hours. The ab-
normality was noted in some patients with un-
diagnosed bleeding whose other coagulation tests
were normal. Patients with liver disease, patients
with polycythemia vera, and newborn infants usu-
ally had this defect. It was sometimes found, com-
bined with other defects, in patients receiving
coumarin drugs. It occured in a few "normal"
control subjects. Such defective thromboplastin
generation could be corrected readily by the use
of any one of the following in the test system: se-
rum aged 3 to 24 hours from most normal hu-
man subjects; serum aged for only 1 or 2 hours

* Presented in part at the Forty-Fourth Annual Meeting
of the Federation of American Societies for Experimental
Biology, Chicago, Ill., April 13, 1960 (1). Supported
by research grants from the American and Ioxva Heart
Associations, and from the National Institutes of Health.

t This work was performed during the tenure of an
American Heart Association Research Fellowship.

from the patient under study; aged sera from pa-
tients with PTC (factor IX) deficiency; sera de-
ficient in Stuart factor (factor X); and by the use
of platelets instead of soybean phosphatide as the
source of platelet factor 3. Some characteristics
of this labile serum factor suggest a similarity to
the factor in serum described by Duckert, Flficki-
ger, Matter and Koller (3) and Spaet and Kro-
patkin (4).

The studies to be reported will illustrate and
define this labile serum factor and will point out
its possible significance in patients.

METHODS

All blood was drawn by the two-syringe technic.
Normal oxalated plasma was obtained by adding 7 ml of
whole blood to 1 ml of 1.85 per cent potassium oxalate
solution and centrifuging the mixture 10 minutes at 4,000
rpm and 40 C. Adsorbed plasma was provided by mix-
ing 1 ml of oxalated plasma with 100 mg barium sulfate
for 30 minutes with a magnetic stirrer and then centri-
fuging. Such plasma did not clot after the addition of
brain thromboplastin and calcium chloride, and its pro-
thrombin content by the two-stage method was always
less than 5 per cent and usually unmeasurable. Barium
sulfate-adsorbed serum was prepared similarly. For the
"aged serum" reagent, blood was allowed to clot and in-
cubated for 1 hour at 370 C. The serum was then re-
moved and aged additionally at 37° C for variable pe-
riods of time. Most studies were performed with rea-
gents which had not been frozen previously. We did
demonstrate, however, that sera which in the fresh state
had the labile serum factor defect continued to manifest
the same defect when stored at - 300 C for as long as 2
weeks before being thawed and tested. The age of the
serum was designated as the number of hours of incu-
bation after venipuncture. The soybean phosphatide 1

concentration was 0.1 per cent in saline. A platelet sus-
1ension was prepared from platelet-rich plasma obtained
from blood centrifuged at 700 rpm in an angle centrifuge
at 40 C. Platelets were then separated by centrifugation
of the platelet-rich plasma at 4,000 rpm. The resulting

1 Gliddex "O" (Glidden Co.).
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"platelet" clump was broken up and washed 3 times with
saline. After the final resuspension in a volume of sa-
line equal to the volume of the plasma from which they
were derived, the platelets were frozen and thawed 3
times prior to use to insure adequate disruption. Throm-
bin at a strength of 100 U per ml was prepared from
bovine thrombin.2 It was diluted with normal saline to
give various concentrations. This thrombin-saline solu-
tion was employed as the diluent for the serum or barium
sulfate-adsorbed plasma whenever thrombin was to be
added to the thromboplastin generation test.

The thromboplastin generation test (TGT) (5) was
performed by incubating 0.3 ml BaSO4-adsorbed plasma
(diluted Tj with saline), 0.3 ml aged serum (diluted %
with saline), 0.3 ml of 0.1 per cent soybean phosphatide,
and 0.1 ml of 0.015 M CaCl2. The adsorbed plasma and
the aged serum were used immediately after dilution.
Plasma having a normal concentration of prothrombin
and fibrinogen was used for the substrate or indicator
plasma. When thromboplastin generation was normal, a
fibrin clot always formed in the incubation tube at about
the time maximal thromboplastin developed. No clot
formed in the incubation tube when thromboplastin gen-
eration did not occur.

Corrections of abnormal test results were made as fol-
lows. The serum, which was to be tested for corrective
potential, was supplied to the system in place of 0.15 ml
of the patient's diluted serum, so that the total serum
reagent volume was maintained at the usual 0.3 ml and
consisted of 0.15 ml of the patient's diluted serum and
0.15 ml of the diluted "corrective" serum. Corrective
sera included normal serum, the patient's serum aged
for shorter periods of time, PTC (factor IX) deficient
serum, and Stuart factor (factor X) deficient serum.3
In some tests the platelet suspension was used to replace
the soybean phosphatide as the source of platelet factor 3.
BaSO4-adsorbed plasma from normal subjects was em-
ployed in place of the patient's adsorbed plasma. The
corrective effect of thrombin was tested by supplying it
to the thromboplastin generation test as the thrombin-
saline diluent for the serum or BaSO4-adsorbed plasma.
More highly purified bovine thrombin and prothrombin4
were added in the same way for use in TGT correction.

To express thromboplastin generation capacity in a
numerical value related to percentage of normal, the
area above the thromboplastin generation curve was com-
pared with that obtained with the blood of normal con-
trols. The clotting times of the substrate plasma were
plotted against the incubation time of the thromboplastin
generation mixture. The area encompassed by the curve
with the limits of a 60 second clotting time and a 2 to 12
minute incubation period was then measured with a
planimeter. This area is dependent upon both the amount

2 Thrombin, Topical, Parke-Davis & Co.
3 Courtesy of Dr. Jolh B. (1rahalim, tTUniVer-sity )f

North Carolina.
4 Courtesy of Dr. Walter H. Seegers, Wayne State

University (thrombin, lot 591222; prothrombin, lot
600203).

of thromboplastin generated and the rate of its forma-
tion. A test result below 75 per cent was considered
definitely abnormal. Most of the patients with the la-
bile serum factor defect had values from 0 to 20 per cent.

Thrombin and prothrombin were measured by two-
stage methods (6, 7) and antithrombin by the method
of Seegers, Miller, Andrews and Murphy (8).

Patients described in this study included several groups:
those with unexplained clinical bleeding referred for
diagnostic study; patients with liver disease; patients
with polycythemia vera; newborn infants; and patients
receiving coumarin-type anticoagulants. Individuals
from the medical and nursing hospital staff provided
normal controls.

RESULTS

Characterization of labile serum factor. Figures
1, 2, and 3 illustrate the labile serum factor defect.
This particular patient had an abnormal thrombo-
plastin generation test when his serum was aged
24 hours at 370 C (Figure 1). Substrate plasma
clotting times were all above 60 seconds, and no
clot formed in the incubation tube. Serum aged
only 3 hours resulted in abnormal thromboplastin
generation also, although the deficiency was less.
Normal serum aged 24 hours completely corrected
the defect. When the patient's serum was aged
only 1.5 hours, a normal test resulted.

The substitution of platelets for soybean phos-
phatide as the source of platelet factor 3 led to

60r

60

u

4i 50

E
R- 40

4-
0

20 F

I0O

o-v
s3 to=s---m same= msa24hr

_ AS

1- I 1 1

IN%
- 99%A. h

- 4%%%¶~%~7/ 3 h

I I I

0 2 4 6 8 10 12
Incubation Time (min )

Fic.. 1. THROMBOPLASTINGENERATION IN THE LABILE
SERUMFACTOR DEFICIENCY. Thle incubation times of the
tlhromnboplastin geiieration mixture are show%,n onl the
horizontal axis and the clotting times of the substrate
plasma are plotted oln the vertical axis. The appended
"number-of hours" refers to the aging of the patient's
serum unless otherwise indicated.

14



A LABILE SERUMFACTORCLOTTING DEFECT

ov. ,Z~o~iens24hr serum
F._. - _._.M. _Mo. W M II 0.6.60

60

0 50 -

E
R 40

C
30

0
0

20

10 I

With normal BaS04
4

Wth PTCdeficiont serum

with

With platelets

¶fro"I@X .......X@|

_l l l

plasma

0 2 4 6 8 10 12
Incubation Time (min )

FIG. 2. CORRECTIONOF THE LABILE SERUMFACTORDEFECT
BY PLATELETS AND PTC DEFICIENT SERUM.

normal thromboplastin generation even though
the patient's 24-hour serum was used (Figure 2).
This occurred with platelets either from the pa-
tient or from a normal subject. Serum deficient
in PTC (factor IX) effected complete correction
of the patient's 24-hour serum. BaSO,-adsorbed
normal plasma was not corrective. Stuart (fac-
tor X) deficient serum similarly restored normal
thromboplastin generation (Figure 3). Normal
serum adsorbed with barium sulfate did not cor-
rect the defect. These results suggested that the
labile serum factor differed from PTC, PTA and
the Stuart factor, was more labile on aging than
these factors, and was adsorbed by barium sulfate.

10

B. D. Patient s 3hr serum

The role of thronibin. The formation of a clot
in the inculation tbl)e in the normal thromhboplastiii
generation test has already been Inientioned. This
clot appeared about the tiue that thromiboplastin
became maximal in the mixture, as indicated by a
minimal clotting time of 10 to 12 seconds of the
substrate test plasma. Thus, it seemed likely that
the formation of thrombin and the generation of
a potent thromboplastin were linked closely in the
thromboplastin generation test. This suggested
the possibility that normal thromboplastin genera-
tion was dependent upon the catalytic effect of a
trace of thrombin in the aged serum. Perhaps
the aging of the serum from some individuals re-
sulted in the complete inactivation of the traces
of thrombin.

The effects of various amounts of thrombin upon
thromboplastin generation in this labile serum de-
fect are shown in Figure 4. Even trace amounts
of thrombin, as little as 0.024 U added to the in-
cubation tube, corrected the labile serum defect.
Ten to 20 times this amount of thrombin greatly
accelerated thromboplastin generation; the usual
lag period was eliminated. The addition of this
minute amount of thrombin did not result in
thromboplastin generation unless soybean phos-
phatide, aged serum and BaSO4-adsorbed plasma
were all present in the mixture. The minimal
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amount of thrombin, usually 0.024 U, which was
required to correct the labile serum defect, was
mich too snmall to he detected by ordinary nmeth-
ods; e.g., it would not clot fibrinogen or plasma.

In most of these studies the thrombin was added
to the incubation tube as a thrombin-saline diluent
of the serum reagent. If it was added as a part of
the saline diluent for the barium sulfate-adsorbed
plasma, a similarly normal thromboplastin genera-
tion test resulted. As might be expected, how-
ever, thrombin added to the substrate plasma did
not correct an abnormal thromboplastin genera-
tion test resulting from the labile serum factor
defect. It was essential that the thrombin be
present in the incubation mixture during the pe-
riod of thromboplastin generation. This amount
of thrombin, 0.024 U, had no or little effect upon
the greatly impaired thromboplastin generation
found in patients with hemophilia (factor VIII de-
ficiency) and with PTC (factor IX) deficiency.
Twenty-two patients with hemophilia and eight
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Icy were so studied. also compared with that of purified prothrombin,
agent used (Thrombin, as shown in Figure 5. The purified thrombin cor-

iinated with other sub- rected the defect in a manner similar to the cor-

led thrombin was tested rection obtained with Thrombin, Topical of the
aeration system having same strength. Purified prothrombin was also
defect. The corrective corrective but only when amounts many times
Lrombin preparation was larger were used. The addition of 1.3 U of pro-

thrombin was necessary to produce the same ef-
'§ 24hr serum fect obtained with 0.024 U of thrombin, either as

Z.i,, ......,,,,,,, purified thrombin or as Thrombin, Topical.
Quantitative aspects of the labile serum factor.

The labile serum factor defect has developed spon-
Purified taneously with the aging of some sera from 3 to

; Profie 24 hours at 370 C. A similar defect also could be
-Gupro/hrombrproduced in normal serum by dilution of a given

sample. As shown in Figure 6, the yield of
0'A6 thromboplastin progressively declined with suc-

cessive serum dilutions with saline until, at a t0
dilution, none was produced. The critical dilu-
tion range of five normal sera so tested was be-
tween 1/20 and ¼0. With thromboplastin genera-
tion thus rendered abnormal by serum dilution,

0024 complete correction was obtained by the use of
| | | any one of the following (Figure 7): 0.024 U of

6 8 10 12 thrombin; PTC (Factor IX) deficient serum;
Time (mi) Stuart factor (factor X) deficient serum; and the
[ED THROMBIN, THROMBIN, use of platelets in place of soybean phosphatide.
IROMBIN ON THE THROMBO-

LABILE SERUM FACTOR DE- It seemed evident that this labile serum factor
r indicated for each curve. could be diluted beyond effective concentration
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FIG. 7. THE CORRECTIONOF THE LABILE SERUMFACTOR
DEFECT INDUCED IN DILUTED NORMAL SERUMI. Normal
serum was diluted 1/30 for use in all tests.

in normal aged serum without the loss of effective
amounts of PTC and the Stuart factor.

In addition, the ability of normal serum to cor-
rect the labile serum deficiency in thromboplastin
generation was lost progressively with dilution.
Table I-A shows the corrective eliects of normal
serum in varied dilutions on the labile serum de-
fect. The normal serum was added to the serum
defective in the labile serum factor in a ratio of 1: 1
and the thromboplastin generation test performed.
In this instance, also, there was a critical dilution
which failed to correct the defect-i.e., at '/20

PTC deficient serum in serial dilutions was sup-
pliedl to a test system containing serum with the
labile factor defect (Tahle I-B). It was obser\ed
that considerably lesser amounts of FTC dehcient
serum than of normial serum corrected the ab-
normal thrombloplastin generation of this patient's
serum. This result implied that, whatever the
corrective factor might be, it was present in higher
concentration in the FTC deficient serum than in
normal serum. Since PTC deficient serum has
poor prothrombin conversion, prothrombin is one
substance in higher concentration in PTC defi-
cient serum than in normal serum when both are
aged for 3 hours. Thrombin may also be in-
volved, since in serum with only partial prothrom-
bin conversion thronlbin continues to form slowly
until all of the prothrombin is converted.

The incubation of thrombin and platelets indi-
vidually with serumt. Serum with the labile factor
defect had the capacity to nullify the corrective ef-
fects of 0.024 to 0.048 U of thrombin during the
course of an hour's incubation of this serum with
thrombin (Table II). This occurred with either
Thrombin, Topical, or purified thrombin. The
incubation or thrombin, alone and diluted as for
use in the TGT for 1 hour at 370 C, did not de-

TABLE II

Incubation of thrombin and platelets
individually with serum *

Thrombo-
plastin

TABLE I generation
Corrections of the labile serum factor defect by various dilu-

tions of normal serum and PTC deficient serum *

Serum component 0.3 ml Thrombo-
plastin

Dilution Amount Amount generation

,nl nil %of
normal

A. Normal serum Patient's serum
0.30 90

1/5 0.15 0.15 104
1/10 0.15 0.15 78
1/20 0.15 0.15 53
1/30 0.15 0.15 29

B. PTC deficient sertim
0.30 30

1/30 0.15 0.15 111
1/100 0.15 0.15 84
1/1,000 0.15 0.15 0

* Normal barium sulfate-adsorbed plasma and normal
substrate plasma were used. The patient's serum was di-
luted 1/5 for all tests. Saline was the diluent.

A. Test systems: serum alone and
serum plus thrombin
Serum alone
Serum + 0.048 U of thrombin

No incubation
Incubation for 1 hr

Serum + 0.048 U of thrombint
B. Test systems: serum alone and

serum plus platelets
Serum alone
Serum plus platelets

No incubation
Incubation for 1 hr

%of
normal

0

117
0

100

0

111
113

* The serum and thrombin, and serum and platelets
were incubated 1 hour at 370 C before use in the thrombo-
plastin generation test. The serum used had been shown
deficient in the labile serum factor after being aged 24
hours at 370 C.

t Thrombin previously incubated 1 hour at 370 C.
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TABLE III

Effect of heat on the labile factor in normal
and PTCdeficient serun *

Serum reagent

Patient's
serum
(labile
serum
factor Normal serum Thrombo-

defect) Thrombin plastin
Amount Preparation Amount addition generation

ml min/' C ml U %of
normal

0.30 0
0.15 Usual 0.15 100
0.15 15/50 0.15 57
0.15 30/50 0.15 44
0.15 60/50 0.15 28
0.15 5/56 0.15 0
0.15 15/50 0.15 0.024 102
0.15 60/50 0.15 0.024 94
0.15 5/56 0.15 0.024 54

PTC deficient serum
0.15 60/50 0.15 100
0.15 5/56 0.15 20

* Normal serum was heated for different periods of time
at various temperatures. It was then used to correct the
labile serum factor defect. PTC deficient serum was simi-
larly tested. The other reagents in the thromboplastin
generation test were as previously described. The pa-
tient's serum and the normal serum were diluted 1/5 with
saline before use in the quantities indicated.

stroy its ability to correct the labile serum defect.
Prothrombin (1.3 U) then was incubated with

the defective serum. Such a mixture retained its
original ability to provide normal thromboplastin
generation. Of course, this amount of prothrom-
bin was very large as compared with the amount of
thrombin used.

The corrective action of platelets on the TGT
was not destroyed after an hour's incubation of
the serum and platelets together. The antithrom-
bin of the serum deficient in the labile factor was
similar to that of normal serum.

Heat stability of the labile serum factor. The
heat stability of this factor in normal and PTC
deficient serum is given in Table III. These sera
tended to lose their ability to correct the labile se-
rum defect with progressive heating. For ex-
ample, normal serum heated 15 minutes at 500 C
only partially corrected the abnormal thrombo-
plastin generation of the labile serum defect.
Further heating at 50° C provided additional
losses of the labile factor in normal serum. The
heating of the normal serum to 560 C for 5 minutes
led to complete loss of activity. The addition of

0.024 U of thrombin completely restored the ca-
l)acity of the normal serum heated to 500 C to geli-
crate thromrboplastin. Thronihin did not correct
completely normal seriumi heated to .56' C. Heat-
ing was less effective ill destroying the corrective
capacity of PTC deficient serum, perhaps because
of the larger amounts of residual prothrombin and
thrombin present in this serum.

Patients and subjects with the labile serum fac-
tor defect. With all of these individuals, the de-
fect was manifest in serum aged for 3 hours.
Thirty-three patients with different types of clin-
ical bleeding of unknown cause had abnormal
thromboplastin generation because of the labile
serum factor defect. These included patients with
gastrointestinal Nleeding, nosebleeds, easy bruis-
ing, operative and postoperative bleeding, and
subdural hematomas. In none of these patients
were there found local lesions or other hemato-
logical and coagulative abnormalities to explain
the bleeding. The labile serum factor defect con-
tinued to be present when the same patients were
restudied on subsequent occasions. Some pa-
tients had required transfusions. Four others,
however, had had abdominal surgery performed
without excessive operative or postoperative
bleeding.

Many of these patients had a family history of
bleeding. The labile serum factor defect was
found in two sisters who bruised easily and bled
excessively after dental extractions. It was dem-
onstrated in a mother and daughter, both with a
history of bleeding. It was found in the son and
two grandsons of a man who had died of unex-
plained massive gastrointestinal bleeding.

The labile serum factor defect was present in 10
of 13 patients with polycythemia vera. In addi-
tion to elevated hemoglobin, erythrocyte and he-
matocrit values, most of these patients had ele-
vated platelet counts. Their thromboplastin
generation defect was severe and typically was cor-
rected by serum aged 1 or 2 hours, thrombin 0.024
U, PTC deficient serum, or platelets from normal
subj ects.

Ten other patients with abnormal thromboplas-
tin generation due to deficient labile serum factor
included three patients with hereditary hemor-
rhagic telangiectasia, two with thrombasthenia and
five with myelofibrosis.

Umbilical cord blood was obtained from new-
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born infants. The sera obtained from these blood
specimens were used in the thromboplastin gen-
eration test. The. barium sulfate-adsorbed plasma
and the substrate plasma used were from normal
adults. Nine of the ten newborn sera tested had
abnormal thromboplastin generation, character-
istic of the labile serum factor defect. In these,
the test results ranged from 0 to 74 per cent, with
five sera producing no thromboplastin generation.

One hundred two studies were performed in
75 "normal" adult subjects. In only six of these
was the thromboplastin generation abnormal when
the serum was aged 3 hours. In each instance the
abnormality was caused by the typical labile se-
rum defect which tended to be moderate rather
than severe. The test results were 71, 70, 60, 43,
41 and 20 per cent for these six tests.

Labile serum factor defect in liver disease. The
thromboplastin generation test was abnormal in
33 of 47 patients with hepatic cirrhosis. With
serum aged for 3 hours, thromboplastin genera-
tion ranged from 0 to 74 per cent. In 28 of these
patients the serum defect fitted well into the labile
serum factor classification in that it was corrected
by the addition of 0.024 U of thrombin, by the pa-
tient's serum aged only 1 or 2 hours, by normal
aged serum, usually by the use of platelets, by
PTC deficient serum, or by Stuart deficient se-
rum (this latter attempted in only one instance).
Eleven of these patients were studied subsequently
on 20 occasions and continued to demonstrate the
labile serum factor defect. Three patients (lid not
have the defect when restudied later lbut had had
clinical improvement of the liver disease. The five
other patients with abnormal thromboplastin gen-
eration had multiple defects which included Stuart
factor and PTC as well as the labile serum factor.
Their tests were only partially corrected by se-
rum aged 1 hour, by platelets, by 0.024 U of
thrombin, or by PTC deficient serum.

Most of the patients with cirrhosis had associ-
ated reduced prothrombin and factor VII concen-
trations; some had, in addition, increased fibrino-
lytic activity. The 14 other patients with normal
thromboplastin generation had low prothrombin
and factor VIT concentrations.

Th/et labile serumn factor defect and couniiiarin

drugys. Thromboplastin generation in patients re-

ceiving counmarin therapy was almost always al)-
normal. This abnormality, as is described else-
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FIG. 8. THE LABILE SERUMFACTORDEFECTIN A PATIENT

RECEIVING DICUMAROL. His prothrombin time by tlke one-
stage test was 22.5 seconds (control 13.6 seconds).

where, was caused usually by Stuart factor and
PTC deficiencies (9). In some patients, how-
ever, the labile serum factor defect contributed
somewhat to the thromboplastin deficiency. Fig-
ure 8 illustrates this point. Serum aged only 1
hour, the addition of thrombin, or the use of
platelets all corrected partially the very abnormal
thromboplastin generation caused by defects in
the patient's 3-hour serum.

Cross correction studies. On many occasions
serum from one patient with the labile serum fac-
tor defect was used in an attempt to correct the
abnormal thromboplastin generation test of an-
other patient with a similarly identified defect.
In no instance was the slightest correction ob-
tained. A failure of correction also resulted when
sera from the patients with liver disease or from
those receiving coumarin drugs were so tested.

DISCUSSION

The "labile serum factor" deficiency in thrombo-
plastin generation encountered in these patients
had some of the attributes of a PTC deficiency.
Normal serum provided complete correction; the
failure of normal barium sulfate-adsorbed plasma
to correct the abnormal thromboplastin generation
test ruled out deficiencies of factor VIIT, factor
V, I 'TA and the 'glass" factor. When it was
found that PTC deficient sertumi completely cor-
recte(l the defect, however, it was clear that a PTC
deficiency was not the explanation. In a similar
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manner, the possibility of a Stuart factor deficiency
was ruled out. The next question arose as to
what other known serum factor could be defective.

Serum, of course, contains initially many of the
substances present in plasma and, in addition, the
substances formed in the process of clotting. In
1904 Bordet and Gengou called attention to the
clot-promoting activity of serum (10). They be-
lieved that this activity in serum might be thrombin
or a derivative. Serum from normal subjects aged
for 3 hours at 370 C does not exhibit thrombic ac-
tivity, however, as indicated by an ability to clot
fibrinogen or plasma. It might still contain traces
of thrombin which might catalyze thromboplastin
generation and other reactions.

Others have shown that serum contains clot-
promoting activity apparently different from
thrombin (11, 12) ; DeVries, Alexander and Gold-
stein have termed such activity SPCA or serum
prothrombin conversion accelerator ( 11 ). It is now
most commonly recognized as factor VII. Ware
and Seegers have also stressed the presence of
serum accelerator globulin (factor VI) in serum
(13). PTC (factor IX), the Stuart factor (fac-
tor X) and PTA are other well recognized com-
ponents of aged serum.

Factor VII has been considered unnecessary for
the thromboplastin generation test (14). It is
also much more stable than the "labile serum fac-
tor," since it resists heating to 560 C for 30 min-
utes (14). The plasma from patients with the
"labile serum factor" defect had a normal factor
VII level. Such information suggests that the
labile serum factor was probably not factor VII.

In 1955 Duckert, Flfickiger, Matter and Koller
described a serum factor, necessary for thrombo-
plastin formation, which was absent in sera from
Dicumarol-treated patients, the newborn, and pa-
tients with hepatitis and cirrhosis (3). Their
serum factor was adsorbed by barium sulfate and
disappeared from normal sera in a few hours to a
few days when stored at room temperature. The
thromboplastin generation test in the patients with
this defect became much worse when they used a
brain extract as a source of platelet factor 3 in-
stead of platelets. Recently Koller, of this same
hroup. has indicated that the sertim factor which

the! descril)ed was priinarily the Stuart factor
(factor X) (15). Spaet and Kropatkin pro-
(lucecl a thromboplastin generation deficiency in

normal sera aged in the refrigerator for 1 week or
longer (4). It was distinguished from Stuart
factor or prothrombin deficiencies but was thought
to be closely related to prothrombin or a pro-
thrombin derivative. This defect was also found
in liver disease (16). Abnormal thromboplastin
generation from a serum defect resulted when nor-
mal serum was incubated with thorium (17).
The thorium-induced deficiency was corrected by
PTC (factor IX) and PTA deficient sera but not
by refrigerator-aged serum or Dicumarol serum.

The labile serum factor which we have de-
scribed appears somewhat similar to the factors
originally described by Duckert and co-workers
and by Spaet and Kropatkin (3, 4). Our results
have indicated that a deficiency of this factor was
produced readily in sera from certain patients by
aging 3 to 24 hours at 370 C. It was destroyed
in normal sera by incubation at 500 C. A defect
of this factor could be produced quantitatively in
normal serum by serial dilutions with saline. The
factor was essential for normal thromboplastin
generation with the use of soybean phosphatide as
the source of platelet factor 3.

A trace amount of purified thrombin (0.024 U)
corrected the labile serum factor defect. This
amount, insufficient to clot fibrinogen or plasma,
was adequate to restore normal thromboplastin
generation to sera with the defect. Thrombin in
this small quantity did not effect normal thrombo-
plastin generation in PTC or in AHGdeficiencies.
Purified prothrombin, in much larger and meas-
urable amounts, also restored normal thrombo-
llastin generation.

Serum with the labile factor defect had the
capacity to nullify the usual corrective effect of
thrombin if the thrombin and serum were incu-
bated together prior to use in the TGT. Such se-
rum destroyed or inactivated this small amount of
thrombin. The corrective effect of platelets was
not destroyed by incubation with the serum.

Platelets are known to possess a number of fac-
tors with blood clotting activity (14). Of these,
platelet factor 3 is the only one known to be es-
sential for thromboplastin generation. Our re-
ssults suggest that platelets also contain another
essential factor which is also present in normal
aged serum. Desforges anid Bigelow have shownl
that platelets previously incul)ated with thrombin
have greatly enhanced thromboplastic activity
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(18). Perhaps such activity is attributable to
adsorption of thrombin to platelets. The ability
of platelets to correct the labile serum factor de-
fect may then depend upon their adsorption of a
trace of thrombin or like substance.

These studies of the labile serum factor defect
suggest that thrombin in minute amounts must be
present for normal thromboplastin generation.
That thrombin has such a catalytic role in the TGT
is not surprising in view of its profound effect
upon so many other blood clotting tests. For
example, thrombin activates antihemophilic glob-
ulin (19); it converts accelerator globulin into
an active form (13) ; it aids in the conversion of
prothrombin to thrombin (20) ; it "labilizes"
platelets (21). We have no information about
the mechanism through which thrombin may ex-
ert its effect in thromboplastin generation.

Biggs, Douglas, and MIacfarlane found that a
low concentration of thrombin, too small to clot
plasma but which would clot fibrinogen in about
150 seconds, accelerated normal thromboplastin
generation (22). Miale and Wilson suggested
that the thrombic activity observed to develop in
the incubation tube of the TGT might have im-
portance in thromboplastin formation (23).
They found that the addition of 0.25 U of throm-
bin accelerated normal thromboplastin formation
and reduced the usual lag period. This amount
was much greater than the 0.024 U needed to
correct the labile serum defect.

We do not know that the labile serum factor
defect has any relationship to hemorrhagic dis-
ease. Since it develops only with the aging of se-
rum, perhaps it is only a laboratory curiosity.
Yet this defect was encountered in many patients
with clinical bleeding otherwise unexplained and
in some other patients with other known coagula-
tion defects. The in vitro ability of a serum to
destroy this labile serum factor or traces of throm-
bin, as the case may be, may bear a relationship
to such an in vivo phenomenon as a bleeding
tendency.

The thromboplastin generation test has a grow-
ing use in clinical laboratories for the diagnosis of
hemorrhagic disease. Should the platelet factor
3 reagent be supplied as a soybean or brain phos-
lplhati(le iistea(l of as a )ltitelet suispenlsioni, it iS
clear that an abnormal TGT will result fromn time
to time from the labile serum factor defect. Such

an abnormal TGT must be interpreted properly
after the performance of detailed corrective stud-
ies. Only thus can the over-diagnosis of a dis-
ease like PTC (factor IX) deficiency be avoided.

SUMMARYAND CONCLUSIONS

A labile serum factor necessary for thrombo-
plastin generation has been described. A defi-
ciency of this factor appears in the serum of some
patients which has been aged 3 to 24 hours. The
defect manifests itself when soybean phosphatide
is used as the source of platelet factor 3 in the
thromboplastin generation test. Studies to date
suggest that the labile factor is a trace of thrombin
and that, in sera showing the defect, such traces
of thrombin are destroyed in a few hours. If so,
this is simply another illustration of the importance
of thrombin as a catalyst for clotting reactions.

We have found the labile serum factor defect
in many patients with otherwise unexplained bleed-
ing of clinical significance. In addition, it has con-
sistently been detected in the newborn and in pa-
tients with liver disease, with polycythemia vera,
and after coumarin drugs. It was rarely found
in normal adult individuals whose serum was aged
for 3 hours at 370 C. Whether or not this serum
abnormality has real importance in the production
of hemorrhagic disease remains to be established.

The labile serum factor defect can be confused
readily with deficiencies of other serum factors, es-
pecially with PTC (factor IX). Such confusion
seems especially likely in the quantitative studies
with the thromboplastin generation test since this
factor, probably thrombin, can readily be diluted
beyond effective concentration in aged normal
serum.
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