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There have been numerous experiments based
on hepatectomy or acute liver intoxication indi-
cating that the liver is the organ responsible for
the manufacture of blood fibrinogen in dogs (1,
2) and rabbits (3). Perfusion experiments on
rats (4) confirmed the role of the liver in the
production of fibrinogen as well as of other plasma
proteins except gamma globulins.
Up to now, however, no demonstration was

given that liver tissue could manufacture fibrino-
gen in vitro, despite the fact that in vitro tech-
niques with liver tissue were used to demonstrate
the production of serum proteins in the chicken
and in the rat (5-7). These studies were based
on immunological methods for the detection and
measurement of serum proteins.
The demonstration by Gitlin and Borges (8)

that immunoprecipitin methods are able to de-
tect minute amounts of fibrinogen, as are found
in patients with so-called afibrinogenemia, sug-
gested that these methods could be used in a study
of the production of fibrinogen by human liver
slices in vitro. Such production, under the ordi-
nary conditions of in vitro tissue incubation, would
be expected to be small and amenable to demon-
stration only insofar as a sensitive and yet precise
method of measurement was employed. The in-
teresting method described by Hochwald, Thor-
becke, and Asofsky (9) unfortunately does not
lend itself to quantitative purposes.
The present work provides evidence that when

fresh human liver slices are incubated in vitro,
there is a significant increase in the amount of ex-
tractable fibrinogen at the end of the incubation
period as compared with the amount at the be-
ginning of the incubation period.

MATERIALS AND METHODS

Human fibrinogen. Fraction I of Cohn was used.
This fraction contained 7 g of fibrinogen and 5 g of other

* Present address: Department of Medicine, Kantons-
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proteins (Poviet Producten, Amsterdam, Netherlands).
Heparin. Liquemin Roche assaying 5,000 U per ml

was used.
Krebs-Ringer bicarbonate solution was prepared ac-

cording to P. P. Cohen (10). To 500 ml of the final
solution 0.1 ml of heparin was added.

L-leucine-C14. The L-leucine-C"4 hydrochloride, Batch
40 (0.02 mg = 1 gc) of The Radiochemical Center, Amer-
sham, England, was used.

L-leucine. The L-leucine of Sigma Laboratory was
used.

Preparation of antihuman fibrinogen-antibodies. This
was done according to the technique of Gitlin (11).
The antiserum of three adult rabbits was absorbed

three times with 1¾t vol of pooled normal human serum
in order to remove impurities of antiserum protein anti-
bodies. It was then precipitated at 0° C with an equal
volume of saturated ammonium sulfate. The precipitate
was spun down at 3,000 rpm at 50 C, dissolved in saline
and dialyzed during 3 days in the cold room with fre-
quent changes of saline containing 1 U of heparin per ml.
The antibody solution was then centrifuged for 1 hour
at 4,000 rpm, and the supernate was divided into 5-ml lots
and stored at - 20° C.

This solution did not clot an equal volume of rabbit
oxalated plasma in 48 hours. It formed a flocculent
precipitate with human plasma. As determined by pre-
cipitation curve and Kjehldahl nitrogen-determination of
the precipitate, it contained 0.3 to 0.4 mg of antihuman
fibrinogen-antibody per ml.
The specificity of the antibody solution was tested on

the double diffusion plate of Ouchterlony (12), with 1
per cent Difco Agar "Noble" 0142-01 in phosphate buffer
0.11 M, pH 7.4. Normal human serum V1o diluted, nor-
mal human plasma Y1o diluted, Cohn's fraction I (con-
taining 25 mg per cent fibrinogen), and tissue extract
were introduced in peripheral holes of 8 mm diameter.
The antibody solution was placed into a central hole and
the plates incubated at 370 C. Only one precipitation line
was found with plasma. No cross-reaction occurred with
serum proteins (Figure 1A). Figure 1B corresponds to
experiment 4. Precipitation lines are found with two
nonincubated lots as well as with two incubated lots. In
all the other experiments, the antigen concentration in the
nonincubated lots was not sufficient to produce a precipi-
tation line, and a definite line was found only with the
incubated lots. In Figure 1B a faint second line can be
observed near the right lower antigen well. In the right
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upper well, which shows a lot of the same experiment,
this line is absent and it has not been observed in any
other experiment. It is thought to be an artifact pro-
duced by a dirt particle at that plate. The possibility of
another antigen, however, will be discussed below.

Procedure. Liver specimens were obtained at lapa-
rotomy from the patients listed below:
Experiment 1. Patient M.D., case report no. 16481,

generalized mammary carcinoma. Bilateral ovariectomy.
Experiment 2. Patient O.G., case report no. 25265,

gangrenous cholecystitis. Cholecystostomy.
Experiment 3. Patient R.C., case report no. 19511, sus-

picion of renal carcinoma. Diagnostic laparotomy (Hos-
pital St. Pierre,, Brussels).
Experiment 4. Patient F.M., case report no. 18372,

adenocarcinoma of the colon. Resection.
Experiment 5. Patient S.G., case report no. 23091,

generalized mammary carcinoma. Bilateral ovariectomy.
Experiment 6. Patient 0. van L., case report no.

25181, epithelioma of the posterior vaginal wall. Pelvec-
tomy.
Experiment 7. Patient A.L., case report no. 20311, gen-

eralized mammary carcinoma. Bilateral ovariectomy.
In no case could liver metastasis be detected at lapa-

rotomy. Histological examination of the liver specimen
revealed a normal structure.

Liver tissue in amounts of approximately 1 g to 2.5 g
was immersed immediately after removal in ice-cold
heparinized Krebs-Ringer bicarbonate solution at pH 7.4
and equilibrated with an atmosphere of 95 per cent 02

and 5 per cent CO2. The tissue specimen was decapsu-
lated and cut into two pieces. Samples of tissue at the
cut section were taken for histological examination.
The following steps were carried out in the cold room
at 20 C. Thin slices were cut by hand with a razor
blade and suspended in the Krebs-Ringer bicarbonate
solution. The slices were washed eight times in 50-ml
portions of solution for approximately 15 to 20 minutes.
This was done in order to remove as much of the fibrino-
gen present in the tissue as possible. The slices were
randomly distributed in equal lots of 150 to 450 mg each,
the size of the lots depending on the amount of tissue
available. Each lot was suspended in a Warburg flask
containing 5 ml of the heparinized Krebs-Ringer bicarbo-
nate solution. The flasks were gassed for 10 minutes with
the 02-CO2 mixture. In most experiments three lots
were left in the cold room while three other lots were
incubated for 4 hours at 370 C in the Warburg apparatus
with shaking at the rate of 100 per minute.
At the end of the incubation period the flasks were

rapidly cooled in an ice-bath. The content of each flask,
incubated as well as nonincubated, was homogenized in
the cold room (20 C) by a Potter-type homogenizer for
3 minutes at the rate of 10 revolutions per second. Care
was taken to avoid bubble formation. The tube and the
pistil were rinsed with 1 ml of Krebs-Ringer bicarbonate
solution. Microscopic examination of a smear of the
final homogenatq showed absence of intact cells.
The homogenates from each flask were kept separate

and centrifuged for 90 minutes at 20,000 g at 50 C. The
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TABLE I

Increase of antibody-precipitated protein after incubation

Micrograms of antibody- Results of statistical one-factor analysis of
precipitated protein per variance after logarithmic transformation

gram liver tissue of the original data

Degrees of
freedom

Experi- Nonincu- Incubated Fobwrved
ment bated lots lots (Snedecor) ni n2

1 6.5 97.2 322.6* 1 4
4.0 87.2
4.0 100.0

2 3.2 41.0 10.2 1 2
6.5 17.5

3 57.6 248.8
124.8

4 140.0 556.0 31.15t 1 4
226.0 428.0
119.0 508.0

5 38.7 138.5 53.84t 1 4
26.7 119.3
38.7 94.4

6 14.0 239.0 577.40 t 1 3
18.0 248.0

212.0
7 4.0 186.0 301.20t 1 3

8.0 224.0
204.0

* Difference between the nonincubated lots and the incubated lots is within the 99.9 per cent range of significance.
t Difference between the nonincubated lots and the incubated lots is within the 99 per cent range of significance.

superficial lipid layer was then removed by suction with
a Pasteur pipet. The supernate was frozen at - 20° C
and kept overnight. The next day it was rapidly thawed
at 370 C with gentle shaking and centrifuged for 1 hour
at 20,000 g in order to discard the lipoprotein fraction
(6). The final supernate was perfectly clear and repre-
sents the soluble fraction from each homogenate.

Fibrinogen determination. Standard precipitin curves
(5, 13) as shown in Figure 2 were established with di-
lutions of pooled human heparinized plasma (2 U heparin
per ml of blood) and of Cohn's fraction I in the hepari-
nized incubation medium. The content of clottable pro-
tein of the pooled plasma and of fraction I of Cohn was
determined by nitrogen determination, the conversion
factor being 6.00 (14).
Measurement of fibrinogen in the soluble fraction of

liver homogenate. The antibody solution was thawed
and centrifuged for 1 hour at 20,000 g before use. One
ml was then added to 5 ml of soluble fraction or to 5 ml
of the fibrinogen solution (for standard curve, Figure 2).
Blanks consisted of antibody solution mixed with saline
without antigen. The solutions were immediately and
thoroughly mixed, incubated for 1 hour at 370 C and
overnight at 2° C. The tubes were sealed with para-
film. According to the method of Gitlin (15), the pre-
cipitate resulting from the antibody antigen reaction was
centrifuged for 30 minutes at 50 C at 3,000 rpm, washed
three times with cold saline, dissolved in 1 ml of 0.25 N
acetic acid, and again centrifuged at 3,000 rpm for 15

minutes. The optical density of the supernatant protein
solution was determined at the wavelength of 278 ,u in
a Beckman spectrophotometer using micro-quartz cells
of 1 cm.
The liver slices of seven individuals were studied in

seven incubation experiments. In two of these, in addi-
tion to the usual procedure, the incorporation of L-leu-
cine-C"' into the antibody-precipitated protein was meas-
ured. This incorporation was studied in order to pro-
vide additional evidence of protein synthesis in these
experiments. The following procedure was followed:
to both incubated and nonincubated flasks 0.1 ml = 0.02
mg of L-leucine-C14 was added, corresponding to a radio-
activity of 1 /Ac. After spectrophotometric reading the
protein solution was precipitated with an equal volume of
10 per cent trichloroacetic acid (TCA) saturated with
nonradioactive L-leucine. The precipitate was washed
twice with 5 per cent TCA, homogenized with a Potter-
type homogenizer (1,000 rpm) for one minute and spread
on a Millipore filter with a disc diameter of 25 mm and
a pore size of 0.45 1A (Millipore Filter Corp., Bedford.
Mass.). Radioactivity was measured according to Heu-
son (16) on the dry filter in a scintillator (MBLE, Bel-
gium), which counted about 40 per cent of the beta par-
ticles emitted from the surface of the filter. Counting
at infinite thinness was possible, since the protein con-
tent of the TCA-precipitate did not exceed 200 /ig per
sample (no correction for autoabsorption).
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TABLE II

Increase of radioactivity in the antibody-precipitated protein
after incubation with L-leucine-C14

Counts per minute

Experi- Nonincu- Incubated Back-
ment bated lots lots ground

5 72.0 990.0 77.4
84.2 1,115.0

7 68.2 523.0 74.4
72.3 610.0

582.0

RESULTS

1. Increase of antibody-precipitated protein af-
ter incubation of liver slice. Seven experiments
were performed with liver slices from seven indi-
viduals. The results are shown in Table I. There
was an increase in the amount of antibody-pre-
cipitated protein at the end of the incubation pe-

riod in all experiments. This increase was sub-
jected to statistical analysis.1 One factor analysis
of variance (17) (Table I) demonstrated a highly
significant increase of precipitated protein in the
experiments 1, 4, 5, 6, and 7 and an increase
which was not significant in the experiments 2
and 3. (The variance per lot being proportional
to the means, the registered values have been
transformed into logarithmic values for the sta-
tical validity test). The average increase was

0.19 mg per g per 4 hours for the first group

of experiments.
2. Incorporation of L-leucine-C'4 into antibody-

precipitated protein. In experiments 6 and 7, a

marked increase of radioactivity in the precipitate
was noted after incubation, when C14-labeled
L-leucine had been added to the incubation me-

dium (Table II). The nonincubated lots gave

background values.

DISCUSSION

The low plasma level of fibrinogen found in cir-
culating blood compared to albumin does not im-
plicate a proportionately little production of fibrin-
ogen. Volwiler and associates (18), feeding S35
sulfur or injecting S35-labeled proteins into nor-

mal subjects, found t4 turnover rates of 3.5 days

1 I wish to thank Dr. Martin and Miss Lenger, who
kindly carried out statistical analysis of the results.

for fibrinogen compared to 21.5 days for albumin.
These results indicate a considerable production
rate of fibrinogen. The results presented here
show an increase in protein precipitable by anti-
bodies against human fibrinogen in homogenates
prepared from human liver slices plus medium at
the end of an incubation period as compared with
the amount of the same protein at the beginning of
the incubation period.
The antibody solution used in these experi-

ments showed no cross-reaction with serum pro-
teins. With the double-diffusion method of Ouch-
terlony it showed only one precipitation line with
the soluble fraction of liver homogenate. A faint
second line in one incubated lot is probably due to
an artifact. However, since the absorption of the
antiserum with serum does not remove antibodies
against certain coagulation factors other than
fibrinogen, such as prothrombin, factor V, and
factor VIII, which are known to be also con-
sumed during coagulation and to be also produced
in the liver, the possibility of another antigen has
to be considered. Nevertheless, the extremely
small concentration of these proteins in plasma as
compared to the concentration of fibrinogen would
suggest that cross-reaction with these coagulation
factors is negligible. Cross-reactions with tissue
proteins appear to be most unlikely in view of the
very low control values for the precipitated pro-
tein found in nonincubated lots in most experi-
ments. The procedure of immunoprecipitation
implies the precipitation of not only fibrinogen,
but all soluble proteins having the antigenic prop-
erties of fibrinogen. Since split products of pro-
teolysis of fibrinogen preserve the antigenic prop-
erties of fibrinogen (19), proteolysis might eventu-
ally be responsible for an increase of antibody
precipitated protein after incubation. The differ-
ence in molecular weight would explain the dif-
ferent degrees of curvature observed in Figure 1A
and Figure 1B. Nevertheless, the presence of only
one precipitation line in the double-diffusion plate,
the increase of the observed magnitude, and the
marked incorporation of a radioactive amino acid
into the antibody-precipitated protein are evidence
against this explanation. In addition, this ob-
jection might be addressed also to the works on
albumin synthesis. It mav be concluded that it is
most probable that the increase of antibody-pre-
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cipitated protein means an increase of fibrinogen.
The quantitative differences among the results

for the seven individuals have to be attributed to
important differences in age, sex, duration of anes-
thesia, and the basic illness. The insignificant in-
crease in experiments 2 and 3 could be attributed
to the following factors. 1) The lots of these ex-
periments were too small. The cutting procedure
by hand, which permits some differences in the
thickness of the slices and the variability of distri-
bution of fibrous tissue in one liver sample, intro-
duces an error that greatly increases with de-
creasing size of the lots. Mv~oreover, the error of
the protein determination increases when the pro-
tein concentration is lowered. 2) Owing to the
small amounts of tissue available at laparotomy in
experiments 2 and 3. it was not possible to pre-
pare a statistically needed minimal number of lots.
The fact that the liver tissue studied here did

not come from normal individuals prevents a gen-
eralization of the conclusions reached in this study.
The results will have to be confirmed with speci-
mens from normal individuals. Similar experi-
ments with other tissue than liver will also be
attempted.
The average rate of fibrinogen increase in vitro

may be grossly compared with turnover studies
of fibrinogen in vivo. \While the biological half-
life time of human fibrinogen,, recently surveyed
by Blombdck, Bostr6m. and Vestermark (20),
does not vary greatly from author to author (21,
22, 17, 8), there exist enormous reported differ-
ences for the total body pool of fibrinogen, indi-
cating an in vivo production of approximately 5
g per day (21) and 1.7 g per day (8). If we base
an assumption on the average production in vitro
of 0.19 mg per g per 4 hours found in this study,
a liver of 1,500 g would produce approximately
1.65 g fibrinogen per day, a quantity which is in
the order of magnitude of the in vivo turnover
studies.
The results presented appear highly suggestive

of the production of fibrinogen by human liver in
vitro. Till now, the in vitro formation of serum
proteins has been studied on liver slices of labora-
torv animals. The data presented are, to our
knowledge, the first attempt to demonstrate plasma
protein production by intact human liver tissue
in vitro.

SUMMARY

After incubation of human liver slices of seven
individuals in a heparinized Krebs-Ringer bi-
carbonate medium, a marked increase was noted
of a protein precipitable by specific rabbit anti-
bodies prepared against human fibrinogen. A net
increase of radioactivity in the antigen-antibody
precipitate was shown when radioactive L-leucine-
C14 was added to the incubation medium. The
results are highly suggestive of fibrinogen pro-
duction by human liver slices in vitro. This pro-
duction is in the order of magnitude of the fibri-
nogen production calculated from in vivo turnover
studies.
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