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The Determination of Plasma Fibrinogen by the Clot-Weight Method
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The clot-weight technique is a convenient method
for the determination of plasma fibrinogen. The
result is obtained as fibrin with sufficient accuracy
for clinical purposes. Nevertheless, certain possible
causes oferror appear not to have received attention
and these have been investigated.

METHODS

Pla8ma. 9 vol. of human blood are received from a
paraffined syringe into 1 vol. of sodium citrate solution
containing 3-8 g./100 ml. and the mixture is centrifuged at
2000 rev./min. for 30 min.

Technique offibrnogen determination. The citrated plasma
is diluted with an approximately equal vol. of 0-025m-CaCl4
solution and allowed to stand at 37°. The fibrin is wound off

on to a wooden applicator until no further clot forms,
washed in distilled water, rolled off the rod, drained between
filter papers, pulled out thin (when of sufficient bulk), de-
hydrated first in acetone and then in air at 1050 for 3 hr.,
and weighed.
From the haematocrit of the citrated blood the calcula-

tion is made as follows:

Plasma fibrinogen content=
clot weight

sample volume
volume of citrated plasma in 10 ml. citrated

blood sample (from haematocrit)
volume of citrated plasma - volume of citrate

This correction ignores the variable effect ofthe citrate upon
the cell-plasma fluid partition, but error from this cause is
thought to be small compared with differences between
persons.
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EXPERIMENTAL

Formal experiments were made to determine the
effect of certain variables in technique which in
practice itmaynot always bepossible to standardize.

Effect of 8ample 8torage. It may not always be
possible to make determinations on fresh samples.
Beginning, therefore, 3 hr. after the bloodwas drawn,
triplicate determinations were made on 8 successive
days (except the fifth) on 5 0 ml. samples from a
quantity of plasma stored in glass at about 4°.
The data are shown in Table 1. Analysis of the

results showed a significant linear regression in-
creasing on days over the 8 days, but as no effect was
apparent until the fourth day after venepuncture,
storage errors would appear to be seldom of prac-
tical consequence.

Table 1. Effect of 8torage on clot weight
(Weights of clots from 5.0 ml. portions of a sample of

plasma stored at 4° and tested 3 hr. after withdrawal
(day 0) and on subsequent days for 1 week.)

Replicate clot weights (mg.)

Day
0
1
2
3
4
6
7

1
14-0
14-1
14-5
14-3
14-7
14-7
14-4

2
14-0
14*0
13-9
14-5
14-5
14-2

3 Mean
14-5 14-17
13-8 13-97
14-3 14-37
14-4 14-20
14-4 14-53
14*4 14*53
14-6 14-40

Effect of 8ample volume. From one sample of
plasma, three replicate determinations were made
on subsamples of 5-0, 4 0, 3-0, 2-0 and 1-0 ml. In
eight clinical determinations replicates had also
been made on unequal volumes.
The data from the formal experiment are shown

in Table 2. Comparative analyses were made on the
two groups of results. The analysis of the fifteen
experimental determinations showed a significant

Table 2. Effect of 8ample volune on clot weight

Sample vol.

Replicate fibrin determinations
(mg. fibrin/ml. plasma)

IA I

(ml.) 1
5-0 2-08
4-0 2-18
3-0 2-20
2-0 2-25
1-0 2-20

2
2-18
2-15
2-20
2-25
2-20

3
2-16
2-25
2-20
2-25
2-30

Mean

2-14
2-19
2-20
2-25
2-23

negative linear regression on volume, equivalent to
an addition ofabout 1-3% to the clot weight for each
ml. decrease in volume below 5*0 ml. A similar (but
non-significant) association was observed in the
eight field determinations, differing from subject to
subject, but equivalent, on the average, to an addi-
tion of 3-6 % wt./ml. decrease in volume.

Compari8on of recalcification with added thrombin
for fibrin i8olation. As it is theoretically possible
that sufficient thrombin to clot its fibrinogen content
might not be available from a given sample of
plasma, it might be preferable to cause clotting by
the addition of thrombin (Jones & Smith, 1930).
Nineteen parallel determinations were therefore
made on fifteen plasma samples (none from patients
known to be suffering from one of the haemorrhagic
diseases) by the recalcification technique given
above and by diluting with 2 or 3 vol. of saline and
then adding thrombin solution until no further clot
formed.

Table 3. Compari8on offibrinogen concentration
determined with thrombin and by recalcification

Plasma
samples

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Fibrinogen concentration
(g./100 ml.)

, ~~~~~A

Fibrin obtained by Fibrin obtained by
adding thrombin recalcification

0-37 0-37
0 74 0*67

0.44, 0*45, 0-42 0-46, 0-46, 0-41
0*63 0-60
0-38 0-36
0 37 0-41
0*57 0-49

0-61, 0*61 0-64, 0 59
0-36 0*32

0-48, 0 45 0 59, 0*48
0-48 0.39
0 43 0-46
0-29 0 39
0-48 0-55
0-59 0.59

The data are shown in Table 3. The range ofvalues
obtained on the fifteen samples was 0-29-0-74 g./
100 ml. and inspection shows no systematic
difference between the series at high or at low levels.
The mean difference between the two series was
0-006 g./100 ml. in favour of thrombin; t= 0-042
(P> 0 9). The two methods are clearly equivalent
on the basis of this experience.

Effect of dilution before recalcifying. It is usually
recommended that the plasma be diluted with 10 or
20 vol. of saline before recalcifying, but this might
lead to significant loss from the solubility offibrin in
physiological salt solutions. Six 5-0 ml. replicates
were determined by the described procedure in
parallel with six similar replicates from the same
sample diluted to 45 ml. with 0-9 % (w/v) sodium
chloride and then recalcified with 5-0 ml. 0-025M-
calcium chloride.
The data are shown in Table 4. The mean clot

weight of the six diluted replicates was 13-73 mg.
and of the six undiluted replicates, 14-03 mg.; the
difference in means was 0-30 ± 0-11, which is signifi-
cant (0.02<P<0.05). The lower, diluted value, a
decrease of about 2% on the undiluted value,
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suggests that a little fibrin was lost by solution; the
described procedure was therefore preferred: in this
also, the manipulation of fibrin was found to be
easier in the smaller volume.

Table 4. Effect of dilution on clot weight

(Weights of clots from twelve 5.0 ml. portions of one
sample of plasma: in six instances the recalcified mixture
was diluted five times.)

Clot weight (mg.)
r A

Replicates Diluted Undiluted
1 1441 14-1
2 13*9 14*0
3 13-6 13X8
4 13X6 14*1
5 13-8 14.1
6 13*4 14-1

Mean 13*73 14-08

A8h weight of clot. To exclude systematic error
from mineral content (Foster & Whipple, 1922), two
groups of three clots from 5-0 ml. normal plasma
samples were pooled and weighed. Thereafter they
were ashed and re-weighed. In neither instance did
the combined weight of ash from the pooled clots
exceed the limit of balance error (± 0 1 mg.).

DISCUSSION

Effect of sample volume. The inverse relation of
fibrinogen concentration to the plasma sample
volume is curious. It is interesting that a similar

inverse relation is apparent in the fibrin dry-weight
data ofFoster & Whipple (1922) and ofHowe (1923),
though in neither report does it receive comment; in
Howe's data the magnitude of the effect is very
small. The error, about 5% or less per ml. below
5 ml., is obviously small comparedwith differences
expected between persons, if approximately the
same volume of plasma, 3-4 ml., is always used.

Effect of8ample dilution. The findings suggest that
plasma samples should not be much diluted at re-
calcification, although again the error, a loss of 2%
on clot weight with fivefold dilution of the reaction
mixture, is small compared with differences to be
expected between persons.

SUMMARY

1. Daily determinations on a stored plasma
sample showed a significant increase of clot weight
from the fourth day after withdrawal.

2. There is an inverse relation between sample
size and determined fibrinogen concentration.

3. Clot weights obtained by recalcification
agreed well with those obtained by adding thrombin.

4. Dilution of the sample at recalcification re-
duced the weight of clot obtained.

5. The ash weight of the clot was negligible.
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It is known that in plants and anfimals there occur
enzymes which catalyse the hydrolysis of sulphuric
acid esters. These enzymes, the sulphatases, have
recently been reviewed by Fromageot (1950). The
sulphatases differ with respect to the type of sul-
phuric acid ester upon which they act, and they
include arylsulphata#e (phenolsulphatase), which
hydrolyses arylsulphuric acids. The existence of

arylsulphatase was first demonstrated by Derrien
(1911) who observed that extracts of the shell fish,
Mure,x trunculu8, hydrolyse potassium indoxyl
sulphate. An enzyme with similar activity was later
found to be present in A&pergillu8 oryzae by Neuberg
& Kurono (1923), and when evidence became
available concerning its specificity it was named
'phenolsulphata,se' (Neuberg & Simon, 1932).


