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Studies of the Metabolism and Distribution of Fibrinogen
in Patients with Hemophilia A*

Y. TakEDA £ AND ALAN Y. CHEN
(From the Department of Medicine, University of Colorado Medical Center, Denver, Colorado)

Abstract. Using autologous !*!I-fibrinogen, we made studies of the metabo-
lism and distribution of fibrinogen in 10 patients with hemophilia A. In two
patients simultaneous studies of autologous *'I-fibrinogen and homologous
125]-fibrinogen prepared from healthy donors’ plasma were carried out. The
average value for the plasma volume was 42.1 = 8.8 ml/kg; for the plasma
fibrinogen concentration, 349 == 90 mg/100 ml; for the intravascular fibrino-
gen, 144 = 32 mg/kg; for the interstitial fibrinogen, 30 = 11 mg/kg; for the
slower half-life of **'I-fibrinogen, 2.34 == 0.17 days; for the transcapillary trans-
fer rate of fibrinogen, 109 = 37 mg/kg per day; and for the catabolic and syn-
thetic rates of fibrinogen, 51.7 = 13.1 mg/kg per day. Comparison of these
results with those of the previous study in healthy male subjects showed that
in patients with hemophilia A the catabolic and synthetic rates of fibrinogen
are markedly increased, whereas the plasma fibrinogen concentration, intra-
vascular and interstitial fibrinogen, and the transcapillary transfer rate of
fibrinogen are not significantly different. The simultaneous studies of au-
tologous **!I-fibrinogen and normal homologous ?°I-fibrinogen in two subjects
revealed that the two preparations behaved very similarly. Based on these
findings, we concluded that our present findings are not due to the qualitative
difference between the hemophilia A and normal fibrinogens, but that they
are due to the difference in the host condition with respect to the fibrinogen
metabolism, which is either an increased rate of direct breakdown of fibrinogen

or an increased rate of fibrinogen breakdown after fibrin formation, or both.

Introduction

It has been reported that fibrinolytic activity in
patients with hemophilia A is increased (1, 2) and
that e-aminocaproic acid is effective in reducing
the incidence of hemorrhage (2) and also hemo-
stasis after dental extraction in such patients (3).
However, other reports claim that e-aminocaproic
acid is not effective in reducing the incidence or

severity of hemorrhage (4). Therefore, it seemed-
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of interest to see whether there is any alteration of
fibrinogen metabolism in patients with hemophilia
A. We therefore studied the metabolism and dis-
tribution of fibrinogen in 10 male patients with
hemophilia A, using autologous **!I-fibrinogen in
eight patients and autologous %!I-fibrinogen and
homologous *2*I-fibrinogen simultaneously in two
patients.

Methods

The subjects were male patients with hemophilia A who
have been under study at Colorado General Hospital for
many years. They ranged in age from 10 to 54 yr, and
all had a family history of hemophilia A. The general
experimental procedure was the same as described pre-
viously (5). The preparation of *™I- or *I-fibrinogen
was carried out by the previous methods (5). The
clottability of prepared fibrinogen and labeled fibrinogen
(6) averaged 96%. At the start of the experiment, 20—
30 uc of ™I-fibrinogen prepared from the subjects’ own
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plasma was injected intravenously into the subjects, and
in two subjects homologous '*I-fibrinogen prepared from
the plasma of healthy donors was injected simultaneously.
The injected I- or I-fibrinogen contained about 5 mg
fibrinogen. The first blood sample was obtained at 15
min postinjection and subsequent samples were obtained
0.125, 0.25, 1, 2, 3, 4, 5, 6, 7, and sometimes 8 days post-
injection. The samples were heparinized. 24-hr urine
collections were made daily. The samples were assayed
for radioactivity in a well scintillation counter (Nuclear-
Chicago Corp., Des Plaines, Ill., model 8725) with spec-
trometer and a sensitivity of approximately 8 X 10° cpm/uc
of ¥ above the background of 20 cpm and about the

same sensitivity for I above the background of 15 cpm..

The total radioactivity remaining in the body at any time
after initial injection of ™I- or *I-fibrinogen was mea-
sured daily as described elsewhere (5), and in some cases
it was doubly checked by whole body counting. The
whole body counter was equipped with a 4 X 9 inch Nal
crystal and 512 Channel analyzer (model 120, Nuclear
Data Corp.). The counting was done by the State of
Colorado Department of Public Health. The plasma
volume (5) and the plasma fibrinogen concentration were
measured as described previously (6). The microhemato-
crit and the erythrocyte sedimenattion rate [Wintrobe’s
method (7)] were measured on all blood samples. Some
plasma samples were analyzed for radioactivity unbound
to fibrinogen (5) and euglobulin fibrinolysis time (8).
In all subjects studied the euglobulin fibrinolysis time was
within the normal limit, 2-6 hr. The recalcification time
(9), serum prothrombin time, (9) and Lee-White clotting
time (9) were also determined by Dr. K. N. von Kaulla
and his staff, and in all subjects they were found to be
abnormal. The diagnosis of hemophilia A was made by
noncorrection of the shorter serum prothrombin time upon
addition of normal serum and by its correction upon addi-
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tion of BaSO-treated normal plasma. The tracer data
were analyzed by the previous methods (10-13).

Results

Table I gives the plasma fibrinogen data. The
body weight measured daily showed negligible
fluctuations during the study. Analysis showed
that the plasma volume is significantly increased
(0.05 > P > 0.02), whereas the hematocrit is
significantly decreased (0.001 > P) compared
with the values in healthy male subjects (5), but
the hematocrit stayed relatively constant in each
subject during the study. The plasma fibrinogen
concentration was not significantly different (P >
0.9), showing negligible fluctuations in each sub-
ject during the study. The plasma fibrinogen (%)
showed no significant difference (0.2 > P >0.1).
It is also seen in Table I that in subjects M.C. and
P.C. the values of plasma volume, plasma fibrino-
gen concentration, and plasma fibrinogen (%)
obtained simultaneously by autologous #I-fibrino-
gen and normal homologous #*I-fibrinogen were in
close agreement. The relative constancy of body
weight, hematocrit, and the plasma fibrinogen
concentration indicates that the subjects were in
or near steady state during the study.

The function describing the plasma fibrinogen
radioactivity (x) and the cumulative radioactivity
(w). The plasma radioactivities of all plasma
samples were expressed as fractions of the 15 min

TABLE I
Plasma fibrinogen data*
Plasma Plasma Reticu-

Plasma Hemato- fibrin- fibrin- locyte

Subject Age Height Weight vol crit ogen ogen, B count
yr cm kg ml/kg % mg/100 ml mg/kg %
F. K. 30 177 70.4 319 48 425 136 1.5
G. L. 13 155 32.5 39.2 41 392 154 29
J. L. 54 178 58.6 45.4 39 401 182 1.5
M.C,. 20 169 51.8 39.1 47 282 110 2.6
M.C;. 38.7 285 110
P.C.. 17 170 46.9 51.0 34 268 137 1.6
P.Cs. 50.7 L 278 141
%.N. 15 176 72.6 34.3 43 313 107 0.8
.C. 21 170 46.8 62.2 28 251 156 2.5

W.C. 27 165 54.5 39.9 36 268 107 2.0
D.O. 15 173 49.5 37.8 46 536 203 1.2
P.O. 10 150 254 40.5 39 356 144 2.4
Means 22 168 50.9 42.1 40 349 144 1.9
SD +8.8 +6 +90 +32 +0.6

* In subjects M.C. and P.C. the plasma vol and plasma fibrinogen concentration were measured with both autologous
(a) ®1-fibrinogen and normal homologous (k) 2¢I-fibrinogen, simultaneously.
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TABLE II
Tracer data and calculated rate constants*

x=Ceat + Cpedt

Subject C s Cs b s e d:;ly"' d’;:;'l d'i'{:-l
F.K. Lo8s op1 OIS X, 2.33 0.792 0.347 0.382
G.L. Log8 o216 032 244 1X 2.51 0.583 0.385 0.411
J.L. Lo8r 050 01 400 2X 2.17 0.470 0.328 0.399
M.Co. L% oam OAL 600 3X 2.53 0.599 0.305 0.336
M.Cy. SO0 oa10 048 38 B 2.57 0.732 0.312 0.343
P.C.. Lok oS oL [OT0 AX 2.30 0.850 0.347 0.346
P.Ch. Lobs oM o 338 X 2.32 0.806 0.356 0.350
Q.N. Loo8 968 9k 34 X 2.58 0.734 0.338 0.316
D.C. oD oais oA 00 X 2.18 0.804 0.372 0.337
w.C. SoTe o281 021 378 1X 247 0.758 0.362 0.351
bo. A% LA M S an o om ows
Po. LM LOT B B an um o ows oo
Means 081 0297 019 501 6X 2.34 0.762 0.358 0.361
sp 4001 0003 £001 =101 10 =017 +0.190 +0.035 +0.033

* x is the function of time (#) describing the behavior of plasma 11- or 25]-fibrinogen; t; is the half-life of the slower

component, @, of x. j; is the fractional transcapillary transfer rate of plasma fibrinogen per day.

tional catabolic rates of plasma fibrinogen per day. j;
= [us,s/E2,3(ts — t2)] X [F()

Jjap and js, are the frac-

L = Cia + Cib — jap (10), jup = (Ci/a + €2/6)* (10), and jsu
ks — a)/ks] (10), where;u,,s is the total radioactivity excreted in the urine during the time

interval #; to f3, £2,s is the mean plasma fibrinogen radioactivity during the same interval, and ks is the daily fractional
excretion rate of the breakdown products or #I- or **]-fibrinogen per day (13). s?is the ‘variance of the fit” (14). In
subjects M.C. and P.C. the data on both autologous (a) ®!I-fibrinogen and normal homologous (k) 5I-fibrinogen are

given. sD are given where = signs appear.

sample, and these data were analyzed by the
method of least squares (14) with the IBM 7044
digital computer (International Business Machines
Corp., New York, N. Y.), which showed that the
plasma fibrinogen radioactivity curve is closely
described by a two exponential equation of the
form, x = C,e% + C,e’*. The closeness of the
fit is demonstrated by the small values of the
“variance of the fit” (Table II) (14). One of
the typical experiments is shown in Fig. 1. The
half-life of the slower component of x averaged
2.34 days and is significantly shortened (0.001 >

P) compared with 3.36 days in healthy male sub-
jects (5). In subjects M.C. and M.P. the be-
havior of autologous *I-fibrinogen and normal
homologous **I-fibrinogen were simultaneously
studied (Fig. 2). It was found that there was
no appreciable difference between the two (Table
IT). The total amount of radioactivity excreted
during the first 24 hr averaged 146 *1 sp of
3.0% and that excreted by the 7th day was 83.0 ==
1 sp of 3.5%. A typical urinary radioactivity
curve is shown in Fig. 1. When 1— the cumula-
tive urinary excretion of radioactivity (%) is
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F1c. 1. IN VIVO BEHAVIOR OF IV. ADMINISTERED AUTOL-
0GoUSs ™I-FIBRINOGEN IN SUBJECT D.C. #, 2z, and 1 —u
represent the radioactivities of the plasma **'I-fibrinogen,
the breakdown products of **'I-fibrinogen in the iodide
space, and the total radioactivity remaining in the body
at time f, respectively, and are expressed as fractions of
the total radioactivity initially injected. C, is the intercept
of the slower component of # with the ordinate at zero
time, and Cs is the intercept of the 1 —u curve with the
ordinate at zero time. fs. is the fraction of plasma
fibrinogen catabolized per day and is calculated from x
and %, the cumulative radioactivity excreted in the urine
up to time ¢ (10). The *I-fibrinogen was prepared from
the subject’s own plasma.

plotted against time, after a day or two in all
experiments, 1 — u is described by the exponential
equation 1 — u = Cye !, The values of C; and
a, were determined by the method of least squares
by the IBM 7044 digital computer (14). The
average values of C, and a, with their sp were
1.19 =1 sp of 0.01 and 0.288 = 1 sp of 0.002/day,
respectively, and the “variance of the fit” averaged
6 X 105 (14). In Fig. 2 it is shown that the
1 — u curve of autologous **!I-fibrinogen and that
of normal homologous '?°I-fibrinogen were very
similar. One of the typical whole body radioactiv-
ity curves is shown in Fig. 1, which is in close
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agreement with the 1 — # curve, and is parallel
with the plasma *®*1I-fibrinogen radioactivity curve.

The radioactivity not precipitable with trichloro-
acetic acid (free *3I or *2°I) in the body (2). This
was obtained as described elsewhere (5, 13). In
Fig. 1 a typical z curve shows that after a day or
two 2 is closely described by a function in the form
of 2= C,e%* It is also seen in Fig. 2 that the
2 curves of **I- and *’I-fibrinogen were closely
similar. Mean values for z with their sp in 10
subjects at 0, 0.125, 0.25, 0.5, 1, 2, 3, 4, 5, 6, and
7 days after injection of *3I-fibrinogen were 0.02 =
0.01, 0.03 = 0.01, 0.04 = 0.01, 0.05 == 0.01, 0.07 =
0.02, 0.06 = 0.02, 0.04 == 0.01, 0.04 =0.01, 0.03 =
0.01, 0.02 +=0.01, and 0.01 = 0.01, respectively.
Thus, the general behavior of 2 is similar to that in
healthy subjects (5), but its rate of decline appears
more rapid than that in healthy subjects (5).
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Fi16. 2. THE SIMULTANEOUS STUDY OF LV. ADMINIS-
TERED AUTOLOGOUS *I-FIBRINOGEN AND NORMAL HOMOL-
o0Gous *I-FIBRINOGEN IN suUBJECT P.C. Autologous *I-
fibrinogen and normal homologous **I-fibrinogen prepared
from a healthy donor’s plasma were simultaneously in-
jected and their in vivo behavior was compared. It is
seen that the curves of #, 2, and 1 —u of ®I- and *I-
fibrinogen are very similar. For #, 2, 1 —u, Cy, and Cs
see Fig. 1.
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TABLE III

Fibrinogen fluxes and interstitial fibrinogen*

'F(T)d=e"'-“
Subject T Jad 17 y/z day™1
mg/day per kg mg/kg
F. K. 108 471 21 0.15 5.07
G. L. 90 59.3 51 0.33 1.75
J. L. 85 59.7 24 0.13 3.52
M. C,. 66 33.6 12 0.11 5.37
M. G, 81 34.3 16 0.15 5.02
P. C.. 116 47.5 20 0.15 5.80
P.C,. 114 50.2 25 0.17 4.52
Q. N. 79 36.2 34 0.32 3.12
D. C. 125 58.0 30 0.19 5.18
W. C. 81 38.7 36 0.34 2.94
D. O. 174 73.9 34 0.17 5.09
P.O. 169 62.6 42 0.29 3.98
Means 109 51.7 30 0.22 4.18
SD 37 13.1 11 0.09 1.32

*71Z is the amount of intravascular fibrinogen filtered
through the capillaries per day. ji;pZ is the amount of
intravascular fibrinogen catabolize(f per day. 7 is the inter-
stitial fibrinogen. §/Z is the ratio of the interstitial to the
intravascular fibrinogen. F(T) is the function describing
the passage time distribution of interstitial fibrinogen. In
subjects M. C. and P. C. the results obtained by both
autologous (a) Bll-fibrinogen and normal homologous (k)
125]-fibrinogen are given.

However, the radioactivity caused by **!I or 23]
in the plasma never exceeded 3% of the total
plasma fibrinogen radioactivity.

Fractional rates, j, and j, (jup and jgu), and
their fluxes, j,% and j,%. Table II gives the data
on the fraction of plasma fibrinogen filtered
through the capillaries per day (j,) and the frac-
tion of plasma fibrinogen catabolized per day
J3(jsp and js). Analyses showed that 4, is not
significantly different (0.1 > P > 0.05) whereas
js is markedly increased (0.001 > P), compared
with the values in healthy subjects (5). The
values of j,, are in close agreement with j,, (Table
II). The daily values of f,, are shown in Fig. 1,
which stayed nearly constant during the study
except for the first 2 days. Table III gives the
data on the amount of fibrinogen filtered through
the capillaries per day (j,#) and the amount of
fibrinogen catabolized per day (j,%). Analysis
showed that j, ¥ is not significantly different (0.3 >
P > 0.2), but j,# is markedly increased (0.001 >
P) compared with the values in healthy subjects
(5). The catabolic rate (j,%) equals the synthetic
rate since the subjects were in or near steady state.
Therefore, the latter was also increased.
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Interstitial fibrinogen () and its passage time
distribution through the interstitial fluids [F(T)].
Table III gives the data on ¥, /%, and F(T),
which were obtained by previous methods (11,
12). Analyses showed that 5 (0.2 > P >0.1),
y/% (03> P >0.1),and E(T) (0.2>P >01)
are not significantly different compared with the
values in healthy subjects (5).

Discussion

A few studies of **I-fibrinogen metabolism in
patients with hemophilia A have been reported
previously (15-17). Thus, Rausen, Cruchaud, Mc-
Millan, and Gitlin (15) studied six cases of pa-
tients with hemophilia A and reported an average
half-life of 3.0 days. By comparing these results
with those of other investigators who found a
range of 1.5-6.0 days in healthy subjects, Rausen
and co-workers concluded that the half-life of
fibrinogen in patients with hemophilia A is not
prolonged. Hart (16) published a study of
fibrinogen metabolism in one case of hemophilia A
and concluded that the half-life of fibrinogen in
patients with hemophilia A is similar to that in
healthy subjects. Blombick, Carlson, Franzén,
and Zetterqvist (17) also did not find significant
difference in half-life value between normal and
hemophilia A subjects in their studies of two
hemophilia A patients. Half-lives alone are in-
sufficient to define fibrinogen metabolism.

The present study shows that in patients with
hemophilia A in Denver, plasma fibrinogen con-
centration and plasma fibrinogen (%) were not
significantly different compared with the values
in healthy subjects (5). However, the half-life
of plasma **!]-fibrinogen was significantly shorter,
and as a result, the fraction of plasma fibrinogen
catabolized per day j; (jsp, jsu) Was significantly
increased over the value in healthy subjects (5),
whereas the fraction of plasma fibrinogen filtered
through the capillaries per day (j,) was un-
changed ; because of the increase in §, the catabolic
flux (j,%) was markedly increased (Table III).
In the steady state j,% equals the synthetic rate of
fibrinogen. Since the subjects were in or near
steady state, the latter was also increased. How-
ever, the transcapillary flux of fibrinogen (j,%)
and the interstitial fibrinogen (§) were not sig-
nificantly different (Table III). Question may be
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raised whether the observed shorter half-life of
autologous 3!I-fibrinogen and the increased j, and
Js% (Tables IT and I11) in patients with hemophilia
A might have been due to the difference in the
amount of contaminant proteins such as anti-
hemophilic globulin within the labeled prepara-
tions. As stated earlier and in the previous re-
port (5) the clottability of the present **I-fibrino-
gen prepared from each patient’s own plasma and
the previous *2°I-fibrinogen prepared from each
healthy subject’s own plasma (5) was 96%.
Therefore, the maximum amount of contaminant
protein was 4%. Hemophilia A plasma lacks or
is deficient in antihemophilic globulin. Therefore,
the amount of contaminant antihemophilic globulin
within the present %:I-fibrinogen should be less
than that in the previous ***I-fibrinogen, since
exactly the same method of preparation was used
(5). Antihemophilic globulin has been reported
to have a half-life of several hours (21, 22).
Therefore, a longer half-life should be expected for
the present ®iI-fibrinogen compared with that of
the previous 12°I-fibrinogen (5), if the contaminant
antihemophilic globulin played a significant part,
and the observed shorter half-life of **!I-fibrinogen
in hemophilia A patients cannot be explained on
this basis. The next question is whether or not
there is any physicochemical difference between
hemophilia A and normal fibrinogens and if this
is responsible for the observed findings (Tables I,
II, and III). In an attempt to answer this ques-
tion at least partially, autologous **!I-fibrinogen
prepared from the subject’s own plasma and nor-
mal homologous 1**I-fibrinogen prepared from the
plasma of healthy donors were simultaneously
studied and their behavior was compared in two
hemophilia A patients (Tables I, IT, and III). As
shown in Fig. 2, their in vivo behavior was closely
similar and, as a result, the plasma volume, plasma
fibrinogen concentration, %, j,, /,%, J, Js%, ¥, and
F(T) obtained simultaneously by the two prepara-
tions were also closely similar. These results
prove that the hemophilia and normal fibrinogens
are at least metabolically similar and support the
earlier report (23) that hemophilia A fibrinogen
is not qualitatively different from normal fibrino-
gen. Another possible criticism is that the ob-
served shorter half-life of autologous *$!I-fibrino-
gen might have been due to a hemorrhage during
the study. If it is assumed that the increase in
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js (Table IT) was due entirely to a hemorrhage,
then, the subjects must lose about 11% of the
total plasma fibrinogen daily (0.358 — 0.246 =
0.112 day-*) (Table II) (5), which amounts to
about 300 ml plasma daily and should have been
large enough to be detected clinically. Further-
more, the relative constancy of hematocrit and
plasma fibrinogen concentration during the study
speaks against the idea that the observed findings
were due to hemorrhagic episodes. Further ques-
tion may be raised; are the observed difference in
fibrinogen metabolism due to the age difference
between the normal and hemophilia A subjects or
are they due to the seasonal variation in fibrinogen
metabolism? Examination of the previous (5)
and present data shows that there is no noticeable
correlation between plasma fibrinogen concentra-
tion or half-life of **I-fibrinogen and the subject
age. The control and present studies were carried
out in about the same seasons of the year, and a
few studies of healthy subjects during or upon
completion of the hemophilia study gave values of
fibrinogen metabolism close to the previous results
(5). Thus, the only alternative explanation is
the abnormal host condition with respect to the
fibrinogen metabolism, which is either an increased
rate of direct breakdown of fibrinogen or an in-
creased rate of fibrinogen breakdown after fibrin
formation, or both (5), although the present study
is unable to determine which. Nevertheless, the
finding of a faster catabolism of fibrinogen in
hemophilia A patients with defective clotting
mechanisms suggests an increased rate of direct
breakdown of fibrinogen with insignificant fibrin
formation.
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