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There is much evidence favoring the concept of
coagulation as a continuous process in the normal
subject. In order to learn more about the dy-
namics of this process, we have been studying the
survival of physiological amounts of the various
clotting factors in the normal subject. With the
development of isotope labeling, it has for the
first time become possible to carry out such stud-
ies. We (1-3) and others (1-10) have applied
this technique to studies of platelet and fibrinogen
turnover. These studies were possible because
both platelets and fibrinogen are present in large
amounts and can be separated in relatively pure
form. Isotope techniques have not yet been ap-
plied to a study of the other proteins involved in
coagulation because they are present in relatively
trace amounts and cannot yet be isolated in suffi-
ciently pure form.

In order to overcome these problems, we have
developed a technique of in vivo labeling, sepa-
rating, and counting two of the clotting proteins,
Factor VIII (antihemophilic globulin) as an ex-
ample of a protein consumed during coagulation
and Factor IX (plasma thromboplastin compo-
nent, Christmas factor) as an example of a clot-
ting protein not consumed during coagulation.

METHODS

In vivo labeling. Because of the extremely labile na-
ture of many of the clotting factors, we used a labeling
method that involves minimal in vitro manipulation. We

* Supported by U. S. Public Health Service grant
HE-02274-08 and by U. S. Army contracts DA 49-193-
MD-2273 and DA 49-193-MD-2325. Presented in part
at the Third Annual Meeting of the American Society of
Hematology, November 28-30, 1960, in Montreal, Can-
ada, and at the Annual Meeting, Eastern Section Ameri-
can Federation for Clinical Research, January 6-7, 1961,
in Bethesda, Md.

also selected a structural rather than an adsorbed label,
since the latter involves the risk of denaturation and
of elution. Our technique is a modification of the method
of Volwiler and associates (8). S"-DL-methionine was
obtained as a dry powder with high specific activity
(21.4 /Ac per mg).1 This material was dissolved in

sterile, pyrogen-free saline and passed through a 0.45 IA
Millipore filter to insure sterility of the final product.

Three mc of S"-DL-methionine was inj ected intra-
venously into suitable humans. Subj ects were selected
who had no evidence of liver disease or of bleeding
tendency. The labeled amino acid was used by the re-
cipient in the formation of plasma proteins. The more
rapid the turnover of the protein, the higher the specific
activity would be. Twenty-four hours later, the sub-
ject was phlebotomized. ACD solution was used as anti-
coagulant, and 500 ml of blood was obtained with as little
trauma as possible. The blood was immediately infused
into the normal human recipients in whom the survival
of the labeled protein was to be followed.

Separating labeled proteins. This was accomplished
by immunological methods.

A partially purified Factor VIII preparation was made
from human plasma by the method of Spaet and Kinsell
(11). This mixture of proteins was made into a 10%
solution with distilled water and mixed in a 1:1 sus-
pension with Freund adjuvant.2 The mixture was in-
jected intramuscularly twice a week for a period of 2
months into a group of twelve rabbits. After a 10-day
rest period, the rabbits each received an iv injection of
3 ml of an alum-precipitated preparation made from a
5% solution of the original partially purified Factor VIII
preparation. Seven days later, the rabbits were bled into
0.1 vol of 0.1 M sodium oxalate, the plasmas were sepa-
rated and pooled, and 0.1 vol of 0.1% aqueous merthio-
late was added.

Blood was drawn from a patient with hemophilia
whose Factor VIII level when measured by the partial
thromboplastin technique (12) was less than 1%. This
blood was drawn into 0.1 vol of 0.1 M sodium oxalate,
and 0.1 vol of 0.1%So aqueous merthiolate was added.

1 Obtained commercially from Nuclear Chicago Corp.,
Des Plaines, Ill.

2 Obtained commercially from Difco Laboratories, De-
troit, Mich.
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Serial dilutions of the two plasmas were then mixed
with each other in microprecipitin tubes and incubated
for 2 hours at room temperature and then for 48 hours
at 4° C. The ratio of plasmas that formed maximal pre-
cipitins was noted. Frequently the precipitin took the
full 48 hours to form completely. Further incubation
produced no additional precipitin. The entire batch of
pooled rabbit plasma was then mixed with the hemo-
philic plasma at this ideal ratio. The precipitin that de-
veloped was removed by centrifugation, and the entire
process of adsorption was repeated, first with samples in
microprecipitin pilot tubes, then with the entire batch.
After three or four adsorptions, a mixture was obtained
which, on addition of more hemophilic plasma from the
original donor and from other hemophilic donors, pro-
duced no further precipitin.

This antibody was then set up in serial dilutions in
microprecipitin tubes against serial dilutions of normal
human plasma. The supernatant fluids of these tubes
were then divided into two portions, one of which was

set up against excess antigen (normal plasma), the other
of which was set up against excess antibody (absorbed
rabbit plasma). Those tubes that showed no precipitin
against both excess antigen and excess antibody were

considered to be at the ideal antigen-antibody ratio, and
later mixtures of the antibody with normal human plasma
were first set up at this ratio. In order to insure com-

plete precipitation of Factor VIII, supernatant fluids of
these mixtures were always brought into the zone of
antibody excess by the addition of more antibody.

To test the efficacy of this antibody in forming an in-
soluble precipitin with Factor VIII, an experiment was

carried out in which two tubes were prepared as fol-
lows. Tube 1 contained a mixture of normal plasma plus
purified antibody at the ideal ratio; tube 2 contained the
same amount of normal plasma plus normal rabbit plasma
that had no antibody against Factor VIII and that had
been aged as long as the rabbit antibody (so as to remove

rabbit Factor VIII). The two tubes were incubated in an

identical manner. The precipitin which formed in tube
1 was removed by centrifugation. No precipitin formed
in tube 2. Factor VIII activity was then determined in
both tubes by the partial thromboplastin test. Tube 1
showed less than 1% of the original Factor VIII ac-

tivity; tube 2 showed 70% of the original activity. This
data confirmed that the antibody formed a precipitin with
essentially all the Factor VIII in normal plasma.

A rabbit antibody specific for Factor IX was prepared
in a similar manner. Partially purified Factor IX was

prepared by the method of Lewis and Didisheim (13)
This material was combined with Freund adjuvant and
injected into a group of rabbits in a manner similar to
that described for Factor VIII. In this instance, the im-
munized rabbit was used as a source of serum rather
than plasma. To this serum, 0.1 vol of 0.1% aqueous
merthiolate was added. The serum was repeatedly ad-
sorbed against the serum of a patient markedly deficient
in Factor IX. The final product was set up against
normal serum to determine the ideal ratio of serum to
antibody.

When normal serum was mixed with this antibody
at the ideal ratio, Factor IX activity disappeared from
the supernatant fluid as measured by a modification of the
thromboplastin generation test (14). This confirmed that
the antibody forms a precipitin with nearly all the Factor
IX in normal serum.

Counting the radioactive protein. After the plasma
containing radioactive proteins was infused into normal
human recipients, samples of blood were obtained at
suitable intervals. The radioactive Factor VIII was sepa-
rated from 10-ml plasma samples by the specific Factor
VIII antibody, and the radioactive Factor IX was sepa-
rated from 10-ml plasma samples by the specific Factor
IX antibody. The resultant precipitins were washed
four times in distilled water and transferred into previ-
ously weighed, 20-ml, liquid-scintillation counting vials.
The precipitin was dried under a stream of air. The vials
were weighed again so that the weight of precipitin was
known. The precipitins were then put into suspension-
solution in toluene counting fluid by adding 0.5 ml of
hyamine detergent (hydroxide of hyamine 10-X, 1 M
solution in methanol) 3 (15) to the precipitin. To the
precipitin-hyamine mixture was added 19.5 ml of toluene
containing the scintillator and the fluor-4 g PPO (2,5-
diphenyloxazole) and 100 mg POPOP [1,4-bis-2-(5-
phenyloxazolylbenzene)] per liter of toluene. The vials
were then cooled, dark adapted, and counted in the
Packard Tri-Carb liquid scintillation counter.

During the early phases of this work, results were
expressed as counts per minute per milligram of precipi-
tin. Since the weight of precipitin per unit volume of
plasma did not vary significantly from sample to sample,
however, the data were later expressed as counts per
minute per 10-ml sample of plasma or serum. These
counts were plotted on semilog graph against time post-
transfusion. The ideal curve for each survival study was
obtained by least-squares fitting to the sums of the ex-
ponentials by means of a digital computer (16, 17). The
slopes and intercepts were obtained by this least-squares
procedure with normal equations. This method also
yielded the variances and covariances for the slopes and
intercepts. The standard error of estimate was then cal-
culated as the square root of the variances. This figure
gives an indication of the amount of scatter of the points
about the theoretical lines.

RESULTS

Counting efficiency with the hyamine toluene-
PPO-POPOPcounting system was determined
by a standard of C14-benzoic acid. C14 (and
therefore S35) had a counting efficiency of 72%.
The quenching effect of the added protein was de-
termined by internal standardization, and was be-
tween 1 and 3% in all samples. The 72% count-
ing efficiency for S35 proved adequate to obtain

3 Obtained commercially from Packard Instrument Co.,
La Grange, Ill.
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survival curves for the two proteins under study.
The counts at 10 minutes after transfusion ranged
from 70 to 120 cpm above background.

Figure 1 shows the survival curve for Factor
VIII in normal Recipient 1. This is a typical
survival curve. It shows two exponential compo-

TABLE I

Half-lives and standard errors of estimate of the second
components of the Factor VIII survival curves in five

normal human recipients

Factor
VIII Half-life of

Recipient second Standard error
no. component of estimate

days days
1 3 40.3
2 1.6 o0.1
3 1.9 :1=0.2
4 3.2 ±0.3
5 3.8 ±0.2

nents. The first component has an apparent half-
life of 8 hours when measured directly, but only
3.8 hours when the proper correction is made for
the second component. The second component
has a half-life of 3 days. In addition to the half-
life data, Figure 1 shows that 60%o of the Factor
VIII that was present at 10 minutes after infusion
was lost in phase 1, and 40%o was lost in phase 2.
This will be discussed later.

Figure 2 shows the survival curve for Factor
VIII in normal Recipient 4. This survival curve,
beginning on the first day after transfusion, has a
half-life of 3.2 days. The half-life of the first
component was not determined in Recipients 2
through 5 because of insufficient antibody.

Table I shows the results of all five of the Fac-
tor VIII survival studies. The half-life of the
second component ranged from 1.6 days to 3.8
days, with a weighted mean average of 2.9 days.
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As seen from an inspection of Figures 1 and 2,
and from the standard errors of estimate in Table
I, there was some scatter of the points. This is
an inevitable difficulty when dealing with minute
amounts of protein with low specific activity.

By drawing a sample from the radioactive blood
transfused into the recipient, the number of
counts per minute of radioactive Factor VIII in-
fused into the recipient was determined. Wethen
estimated blood volume in the recipient by stand-
ard height-weight charts. We calculated what
the theoretical counts per minute of Factor VIII
radioactivity per milliliter of whole blood should
have been at time zero. In Recipient 1 this was
30%o above the levels found by extrapolation of
the experimental data to time zero. The implica-
tion of this finding will be discussed later.
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Figure 3 shows the Factor IX survival curve
in Recipient 1. Once again we see two exponen-
tial components. In Figure 3, the first component
has a corrected half-life of 22 hours, and the sec-
ond component has a half-life of 9.9 days. Fig-
ure 4 shows the Factor IX survival curve in Re-
cipient 3. Here, the first component has a cor-
rected half-life of 26 hours, and the second com-
ponent has a half-life of 7.6 days.

Table II shows the results of all five of the Fac-
tor IX, phase one survival studies. The cor-
rected half-lives range from 13.2 to 26 hours, with
a weighted mean average of 15.1 hours.

Table III shows the results of all five of the
Factor IX, phase two survival studies. The half-
lives range from 6.7 to 12 days, with a weighted
mean average of 8.4 days. Once again there is

TIME (DAYS)
FIG. 2. SURVIVAL OF FACTOR VIII IN NORMALHUMANRECIPIENT 4.

Semilog graph. Counts per minute for Factor VIII separated from 10-ml
samples of plasma are plotted against time after transfusion. No attempt was
made to obtain the first component of the survival curve.
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FIG. 3. SURVIVAL OF FACTORIX IN NORMALHUMANRECIPIENT 1.

per minute for Factor IX separated from 10-ml samples of serum
after transfusion.

Semilog graph. Counts
are plotted against time
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FIG. 4. SURVIVAL OF FACTORIX IN NORMALHUMANRECIPIENT 3. Semilog graph. Counts per minute for Factor

IX separated from 10-ml samples of serum are plotted against time after transfusion.
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TABLE II

Half-lives and standard errors of estimate of the first
components of Factor IX survival curves in five

normal human recipients

Factor Corrected
IX half-life

recipient of first Standard error
no. component of estimate

hrs hrs
1 22 4-3.5
2 13.2 :1:4.0
3 26 ±5.5
4 13 ±0.9
5 15 ± 6

scatter of the points as seen in Figures 3 and 4,
and by the standard errors of estimate in Tables II
and III.

In the Factor IX survival curves, approximately
70% of material present 10 minutes after infusion
was consumed in phase one, and 30% was con-

sumed in phase two. This is comparable to the
findings for Factor VIII.

The theoretical 100% recoveries were deter-
mined for Factor IX as they had been for Factor
VIII, and again the theoretical levels averaged
30% above the levels found by extrapolation of
experimental data to time zero.

DISCUSSION

In both our Factor VIII and Factor IX survi-
val studies, 30% of the transfused material had
disappeared from the circulating blood by the
time the first sample was drawn at 10 minutes
after transfusion. It is most unlikely that this
disappearance is due to denaturation of the pro-

tein by the labeling technique, since the label is an

in vivo one. In the case of Factor VIII, the
process of phlebotomy and transfusion may have
led to some denaturation of the labile protein.
This explanation, however, would not apply to
Factor IX, which is fairly stable. Hoag, Aggeler,
and Fowell (18) in their study of Factor IX sur-

vival drew multiple samples during the early
phase after transfusion and noted a rapid disap-
pearance of Factor IX during the first 20 min-
utes after transfusion. Unfortunately, we did not
study this very early phase. In our studies the
transfusion itself usually required 60 minutes, so

that a 10-minute posttransfusion sample was actu-
ally drawn 70 minutes after the start of the trans-
fusion.

The survival curves we obtained for Factor
VIII and Factor IX transfused into normal recipi-
ents are biphasic exponential curves. We inter-
pret phase one as reflecting equilibration between
intravascular and extravascular compartments.
We interpret phase two as reflecting the true
rate of utilization of the proteins. In studies of
Factor VIII survival in hemophilics, Wagner
and associates (19) and Shulman, Marder, and
Hiller (20), using techniques that do not in-
volve antibodies or isotopes, have also obtained
biphasic exponential survival curves and have ex-
plained the first phase on the basis of equilibration
between intravascular and extravascular com-
partments.

In 1951, Sterling (21) reported biphasic ex-
ponential curves for I131-labeled albumin survival,
and Wasserman and associates (22) demonstrated
by thoracic duct catheterization that the first phase
was associated with the appearance of the protein
in the extravascular fluid. Since then, biphasic
exponential curves have been found in most in
vivo plasma protein survival studies (8, 9, 23,
24), and the first component is usually explained
on the basis of equilibration between intravascular
and extravascular compartments.

There are other possible explanations for the
biphasic exponential curves we obtained. It may
be that the S35-DL-methionine undergoes reutiliza-
tion. In this case phase one would be the true
rate of utilization. The cross-transfusion tech-
nique, however, keeps reutilization to a minimum,
since it reduces the total amount of S35-DL-methi-
onine available to the recipient. Studies have been
carried out (25, 26) with S35-DL-methionine-la-
beled gamma and beta globulins. These studies
indicate that with cross-transfusion methionine

TABLE III

Half-lives and standard errors of estimate of the second
components of Factor IX survival curves in five

normal human recipients

Factor
IX Half-life of

recipient second Standard error
no. component of estimate

days days
1 9.9 ±1
2 12 ±3.5
3 7.6 ±0.7
4 7.6 ±0.8
5 6.7 ±1.7
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reutilization does not alter the survival curve until
approximately 30 days posttransfusion.

Another explanation for the biphasic nature of
the survival curves could be impurity of the anti-
bodies used to separate the plasma proteins with
which we are concerned. If the antibodies each
separate two proteins, each curve would be bi-
phasic. Weconsider this explanation to be most
unlikely in view of complete absorption of any
contaminant antibodies by the addition of plasma
from patients lacking the single factor being tested.

If one considers the radioactive protein present
10 minutes posttransfusion as 100%o, then 60%o of
Factor VIII enters the extravascular pool and is
lost during phase one. The extravascular pool
must therefore hold at least 1.5 times the Factor
VIII present in the intravascular pool. In the
case of Factor IX, approximately 70%o or 2.3
times the amount present in the intravascular pool
is in the extravascular pool. The existence of this
extravascular pool has been lost sight of in many
studies of in vivo survival of clotting factors (27).
This concept has important significance in clinical
medicine. If we are to use replacement therapy
for treatment of a hemorrhagic episode in classi-
cal hemophilia or in Christmas disease, we should
start the therapy with sufficient Factor VIII or
Factor IX to overcome the large loss of the trans-
fused proteins into the extravascular space. Then
the Factor VIII or IX levels will decrease by the
relatively slow half-life of the second (utilization)
phase. This therapeutic approach has recently
been re-emphasized by Brinkhous (28).

The half-life of the equilibration phase of Fac-
tor VIII survival (3.8 hours) is much shorter
than that for Factor IX equilibration (15.1 hours).
Both of these rates of equilibration are much
shorter than the 26-hour half-life we previously
reported (3) for the equilibration phase of fibrino-
gen survival.

The 2.9 day half-life of the second phase of
Factor VIII survival curves that we observed is
longer than the 25 hours reported by Wagner and
associates (19) for hemophilic dogs and the 9 to
11 hours reported by Shulman and co-workers
(20) for hemophilic humans. We do not know
whether our survivals are longer because of the
difference in technique of measurement or because
of an increased rate of utilization of Factor VIII
in hemophilic subjects as compared with normals.

The 8.4 day half-life of the second phase of our
Factor IX survival curves is strikingly different
from the 1- to 4-hour half-life reported by Hoag
and colleagues (18). These authors, however,
did not follow the Factor IX survival curve be-
yond 7 hours posttransfusion. Therefore, what
they call the second phase of their survival curves
corresponds to our first phase and cannot be com-
pared to the second phase of our curves, which
we consider the utilization phase.

The technique that we report here is a difficult
one. Each blood sample undergoes many manipu-
lations over a period of many days. As a result
there is a significant amount of scatter of the
points in each survival curve. With the digital
computer, it was possible to obtain a least-squares
fit to the sums of the exponentials. The standard
errors of estimate of the half-life results in Ta-
bles I, II, and III give some indication of the
variability of the data. In spite of this variability,
and in spite of the technical difficulties, we be-
lieve this method has value, since there is no other
currently available technique to measure the sur-
vival of physiological amounts of clotting proteins
in normal humans.

SUMMARY

1. A technique has been developed for studying
the survival of plasma proteins transfused into
normal human recipients. This technique has
been applied to a study of the survival of two of
the clotting proteins, Factor VIII and Factor IX,
in normal humans.

2. The survival curves are biphasic with two
exponential components. The first component is
interpreted as due to equilibration between intra-
vascular and extravascular spaces. The second
component is interpreted as the rate of utilization
or destruction.

3. For Factor VIII, the first phase has a half-
life of 3.8 hours; the second phase, a half-life of
2.9 days. For Factor IX, the first phase has a
half-life of 15.1 hours; the second phase, a half-
life of 8.4 days.

4. The size of the extravascular pool of Factor
VIII is approximately 1.5 times the size of the
intravascular pool. The extravascular pool for
Factor IX is approximately 2.3 times the intra-
vascular pool. The implications of this concept
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for the therapy of patients with classical hemo-
philia and Christmas disease are discussed.
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