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Stubel in 1914 (1) first noted with an ultra-
microscope that the fibrin strands produced from
hemophilic blood are thicker than from normal
blood. He attributed the thicker strands to the
slower rate of clotting in hemophilic blood. Later
in the same year Howell (2) performing similar
kinds of experiments reported an experiment in
which cat's plasma was clotted with thrombin: "A
large amount of thrombin caused very rapid clot-
ting with the production of small but distinct
needles, while with a small amount of thrombin the
clotting was slow and the needles were relatively
large." In 1947, Ferry and Morrison (3) re-
ported a similar microscopic observation in which
decreasing thrombin concentration produced
larger fibrin strands. They observed this at pH
6.0 since at pH 7.0 the strands were too fine to
be seen. Morrison and Scudder (4) working at
pH 6.4 believed there was no change in the thick-
ness of the fibrin strands with varying thrombin
concentrations. This was based on electron mi-
croscope photographs. A light scattering method
for the determination of the average fibrin strand
width has been reported previously from this lab-
oratory (5). With this technique it is now pos-
sible to examine the effect of thrombin concentra-
tion on fibrin strand width in more detail.

Although numerous papers have been written
on the relation of platelets to clot retraction 8 (7,

1 These studies were aided by a contract (NONR
12800) between the Office of Naval Research, Depart-
ment of the Navy, and the State University of New York.
This contract was supported jointly by the Office of
Naval Research and the Atomic Energy Commission.

2 Presented in part before the Forty-Fifth Annual
Meeting of the American Society for Clinical Investiga-
tion held in Atlantic City, New Jersey, May 4, 1953.

3 Clot retraction is considered to be a process separate
and distinct from syneresis (6). The latter is the con-
traction of a colloidal gel and it is never as extensive
and is much slower than clot retraction.

8), until recently it has not been possible to study
the effect of platelets on fibrin strand size without
the interference of clot retraction. This has been
due to the lack of appreciation of the so-called
serum factor. In 1951, Ellicott and Conley (9)
showed that clots formed from purified fibrinogen
and thrombin with washed platelets present would
not retract. However, if a small amount of se-
rum (or bovine albumin or gum acacia or egg
white) was also in the clotting mixture, retraction
occurred. Thus, by omitting the serum factor
from the clotting mixture, the effect of platelets on
the unretracted clot can be studied. Earlier
writers (10-12) believed that during clot re-
traction lateral aggregation of the fibers occurred
to give shorter and thicker strands. But no stud-
ies with the ultramicroscope (13, 14) or electron
microscope (15, 16) have shown that, after coagu-
lation has taken place, there is actually a shorten-
ing and thickening of the fibers during retraction.
The use of the light scattering method offers an
unique opportunit-y to study the effect of retrac-
tion on the width of the fibers since the clot is not
disturbed while the measurements are being made.

In the studies to be reported herein, the effects
of thrombin, platelet concentration and clot re-
traction on the width of the fibrin strands are
demonstrated using a light scattering method.
These findings are discussed in the light of cur-
rent knowledge in this area.

MATERIALS ANDMETHODS

The light scattering method, preparation of samples,
and analytical techniques have been reported previously
(5). The following represents additions and revisions
pertinent to this investigation:

Fibrinogen solutions from Fraction I. In some ex-
periments human Fraction I 4 was used as well as bo-

4 The human Fraction I, prepared by E. R Squibb
Sons, was kindly given to us by the American National
Red Cross through the courtesy of Dr. Sam T. Gibson.
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vine Fraction I. Laki's method (17) of purifying Frac-
tion I gave protein solutions which were 90 to 95 per
cent clottable.

Thrombin. Upjohn bovine topical thrombin was used
with both fibrinogen and plasma. The thrombin unit
was reasonably near that defined by Seegers and Smith
(18)-i unit clotting a standard fibrinogen solution
(with 2 per cent acacia [19] present) in 14.0 ± 2 sec.
No attempt was made to adjust the thrombin unitage to
exactly 15 seconds since in any one experiment serial
dilutions were made from the same thrombin preparation.

Platelet preparations. Platelet suspensions were pre-
pared from fresh human blood in which either citrate (1
part of .109 molar sodium citrate plus 9 parts venous
blood) or Sequestrene5 was used as the anticoagulant-
the latter according to the method of Dillard, Brecher,
and Cronkite (20). The addition of Triton 6 as de-
scribed by Minor and Burnett (21) was found advan-
tageous in facilitating the resuspension of platelets after
their centrifugation. Instead of centrifuging the red and
white blood cells, high molecular weight dextran7 (22)
was used occasionally to increase the erythrocyte sedi-
mentation rate. But excessive numbers of red cells of-
ten remained in the platelet containing supernatant plasma.
The combination of Triton and dextran in plasma ap-
peared to inhibit clotting completely or to give poorly
formed clots.

"Serum factor." If clot retraction is desired in clot-
ting mixtures containing only fibrinogen, thrombin, and
platelets, a small amount of "serum factor" must be
present (9). It was found that neglecting the saline
washing of centrifuged platelets provided adequate "serum
factor." Therefore these platelets were not truly
"washed" but only concentrated and suspended in saline.
It is concluded that minute amounts of calcium ion, said
to be necessary for clot retraction (7), must have been
present as a contaminant in the clotting mixture as it was
never found necessary to add extra amounts of this ion.
In determining the fibrin strand size of clots prepared
from fibrinogen in the presence of platelets, no correction
was made for the light scattering due to the platelets.
The reason for this is given below. In experiments us-
ing fresh plasma containing platelets, platelet-free plasma
samples were used as a blank in the manner previously
described (5).

RESULTS

The effect of thrombin concentration

Using bovine Fraction I, the effect on fibrin
strand width by varying the thrombin concentra-
tion between .02 and 0.5 units per cc. was studied.

5 Supplied by courtesy of Alrose Chemical Co., Provi-
dence, R I.

6 Supplied by courtesy of Rohm and Haas Co., Phila-
delphia 5, Pa.

7PrepTred by Pharmacia Laboratories, Inc., New
York 17, N. Y.

TABLE I

The effect of thrombin concentration on the fibrin strand radii

R in Angstroms at various thrombin
Fibrin conc. units percc.
conc.

pH gm./L. 0.5 0.3 0.1 0.05 0.02

7.24 0.22 400 470 585 755 775
7.24 0.22 400 440 550 575 640
7.22 0.40 600 650 700 755 865
7.22 0.40 650 700 750 850
7.25 0.33 570 710
7.34 0.68 600 625 700 850 825
7.34 0.45 550 575 755 755
7.34 0.34 475 575 600 625 850
7.34 0.27 510 560 565 700 750
7.30 0.31 400 500 510 590
7.30 0.21 360 450 460 430 800
7.30 0.125 350 450 580 598 650

As the thrombin concentration decreased from 0.5
to .02 units per cc., in any one experiment in which
the same preparation of fibrinogen was used, there
was a consistent increase in the radii of the strands
(Table I). The variation in the radius from one
fibrinogen preparation to the next without de-

THE EFFECT OF THROMBIN CONCENTRATION
1.9 ON FIBRIN STRAND RADII

.

K Radius at designated thrambin concentration
Radius at 0.5 units thrombin per cc.

1.7

1.6 The Points Indicate the Mean end the Bars

Indicate One Standard Deviation

1.5
K

1.4U

1.3

1L2

1.0
0.1 02 0.3 0.4 1.5

THROMBIN CONCENTRATIONIN UNITS PER CC.

FIG. 1. THE EmccT oF ToR. xI CONCENTATIONON
FIBRN STRAND SIZE

As the thrombin concentration is decreased, the radii
of the strands are increased.
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pendence on fibrinogen concentration between .1
to 1.0 gm. per liter was previously described (5).
Therefore, in order to compare one experiment
with another, proportionate increase in the radius
rather than absolute increase was used. The
radius at 0.5 units of thrombin per cc. was taken
as unity. And the ratio of the radius at other
thrombin concentrations to the 0.5 unit value was
designated as K (Figure 1). The points indicate
the mean, and the bars indicate one standard de-
viation. It can be seen clearly that as the thrombin
concentration decreases, the average width of the
fibrin strand increases. If the thrombin concen-
tration is lowered much below .01 units per cc., in-
complete clotting occurs.

It was found that, if the same fibrinogen solu-
tion between extremes of 0.1 and 1.0 gm. per liter
is clotted with 0.3 units of thrombin per cc. or
with 0.02 units of thrombin per cc., one obtains
exactly the same weight of fibrin. This is in con-
trast to Morrison's work (23). However, his
critical experiment on this point was at pH 6.34,
whereas in ours, the pH was between 7.0 and 7.5.

I.7

- THE EFFECT OF PLATELET CONI
3.6 FIBRIN STRAND RAD

K5 K Radius with PlateletsRadius without Platelets

1.4

1.3

1.2 _"

1.1 0

The readings were made one hour after adding the
thrombin to the fibrinogen solution at 240 to
280 C., and no significant differences were seen if
four-hour readings were taken. Actually, the
rate of formation of a visible clot is much slower
at the lower thrombin concentrations-at 0.3
units about 3 to 5 minutes are required and at
0.02 units about 8 to 15 minutes. No difference
was seen if unpurified bovine Fraction I (about
50 per cent clottable protein) or purified bovine
Fraction I (90 to 95 per cent clottable protein)
was used. Also, purified human Fraction I gave
similar results. However, unpurified human
Fraction I proved unsuitable for experimentation
since it gave markedly concave curvature at low
X2 values of the experimental IX vs. X2 graphs,
thus making it impossible to obtain an accurate
radius from the master curves. The reason for
this is not definitely known but it may be because
of the presence of cold-insoluble globulin (prob-
ably identical with cryoglobulin [24] and con-
tractinogen [25]). Cold-insoluble globulin may
be an impurity in human Fraction I which has

1.0I 1-
IJ II

2 I- 1
I

2

I* J
1.01 2 4 6 8 30 12 14 16 la 20

SQUARE ROOT OF PLATELET CONCENTRATIONIN THOUSANDS
FIG. 2. THE EFFcT OF PLATELET CONCENTRATIONON FIBRIN STRANDRADII

The abscissa is the square root of platelet concentration in thousands, that is, 20 on the graph is
equivalent to 400,000 platelets per cu. mm.
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been described (26) as forming a complex with
fibrinogen on precipitation and it might well be
incorporated in an unknown way in the clot
structure.

The effect of platelet concentration
Washed human platelet suspensions of various

platelet concentrations were added to bovine Frac-
tion I preparations and the mixture clotted with
thrombin-the final thrombin concentration being
0.3 units per cc. The readings were taken one
hour after adding the thrombin at 240 to 360 C.
and the fibrinogen concentration was fairly con-
stant in all experiments varying between 0.24 and
0.32 gm. per liter. None of these clots retracted
because there was no "serum factor" present. The
ratio of the radius of the strands with platelets
present to the radius of the strands with no plate-
lets was designated as K and plotted against plate-
let concentration (Figure 2). The square root of
the platelet concentration in thousands per cu.
mm. was used in order to make the graph more
compact and in order to straighten out the para-
bola that otherwise occurs. Thus, "20" on the
graph is equivalent to 400,000 platelets per cu.
mm. It is evident that with increasing platelet
concentration the average fibrin radius increased
between a lower limit of approximately 11,000
per cu. mm. and an upper limit of approximately
250,000 platelets per cu. mm. at which point
further increases in platelet concentration had little
effect on the radius. There was no difference in
the results on the increase of the fibrin strand
radius if the platelets were prepared from citrated
blood or from blood in which Sequestrene and
Triton were used. However, with the Seques-
trene and Triton, resuspension was easier and
microscopically the platelets had less tendency
to clump. One experiment was performed in
which both thrombin concentration and platelet
concentration were varied, and the effects of low-
ering the thrombin concentration and increasing
the platelet concentration seem to be additive in
increasing fibrin strand size.

Correction of data for scattering from platelets
The problem of correcting the experimental

light scattering data of fibrin strands for the scat-
tering due to the platelets presented a difficult theo-

TABLE II

The effect of different absolute radii of fibrin strands on the
proportionate increase of the radii at three

platelet concentrations

Platelets
per

Cu. mm.

RinA
without
platelets

RinA
with

platelets

Propor-
tionate
increase

or K

40,000 505 605 1.20
40,000 718 850 1.18

80,000 605 766 1.27
80,000 475 610 1.28

120,000 600 815 1.36
120,000 490 655 1.33

retical and practical problem.8 Finally it was de-
cided that for the following reasons no correction
was necessary:

1. Platelets will give the same scattering pat-
tern as fibrin strands with radii of approximately
700 Angstroms (27). Upon this hypothesis, an
error due to the platelets would be falsely low if
the radii of the fibrin strands were greater than
700 Angstroms-falsely high if the radii were less.
There would be no error if the radii of the fibrin
strands were exactly 700 Angstroms. However,
in many different experiments, there was an ap-
preciable difference in the absolute radii of the
fibrin strands formed in the absence of platelets
(Table II). In spite of this, the proportionate in-
crease in the radius (K) was essentially un-
changed as long as the sample with platelets pres-
ent contained the same platelet concentration.
This was valid at several different platelet con-
centrations (Table II).

2. If the scattering due to platelets necessitated
a correction, it would be reasonable to subtract the
light scattering intensity readings of the unclotted
fibrinogen solution containing platelets from the
readings of the same solution which had clotted.
However, in about half of the experiments the un-
clotted solutions scattered more light with a con-
sequent higher reading than the same solution
which had been clotted. Thus, by making a cor-
rection for the platelets, an impossible negative
number would result. In those experiments with

8It is deeply appreciated that Dr. Fred Bueche, for-
merly of Cornell University, Ithaca, N. Y., and more
recently located at the University of Wyoming, Laramie,
Wy., has continued to give advice on the light scattering
aspects of this work.
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a positive result, in which a correction was pos-
sible, the calculated fibrin strand radii using this
correction were less than 15 Angstroms. This
likewise is an impossibility since the radius of the
fibrinogen molecule is about 18 Angstroms (28).
Representative experiments showing this phe-
nomena are given in Table III. Only readings
at one angle and one wave length (5460 Ang-
stroms) are given for brevity although other
angles and wavelengths show similar variations.
These results show that at the same platelet con-
centration the observed intensity of scattering in
the unclotted samples may vary markedly, indi-
cating that any attempt to estimate platelet con-
centration simply by the amount of light scattered
by them is not possible. Also shown in Table III
are the observed intensity readings of the unclotted
and clotted samples without platelets, again show-
ing that the scattering from unclotted fibrinogen
solutions without platelets is negligible compared
to the scattering of the clot. Thus, the increased
scattering of the unclotted sample containing
platelets must be caused solely by the platelets.
The above statements that the unclotted, platelet-
free samples have no appreciable scattering apply
only to the Fraction I preparation. If plasma is
used, correction must be made for its preclotted
scattering as described under Materials and Meth-
ods. The radii given in Table III are calculated
only from the intensity readings of the clotted
samples. The intensity readings of the unclotted
samples are not used. It should be emphasized
that, although the observed intensities recorded
here are in Microvolts x 10-i, absolute units are

unimportant since only relative values are neces-
sary in the calculations (5). Since the scattering
intensities of the unclotted samples are often quite
different at the same platelet concentration, one
would not expect identical K values if the platelets
in the clotted sample were causing an appreciable
error.

3. The decrease or insignificant increase of the
intensity of scattering on clotting the samples con-
taining platelets may be due to two phenomena-
the platelets may disintegrate, or they may fuse to
form large aggregates. If platelets fuse so that the
aggregated particle has a diameter twice the diam-
eter of the original single platelet, the intensity of
scattering will be reduced by about one-tenth.

From the above evidence it is concluded that
even though the contribution of the platelets to the
scattering is largely unknown, this fact may not
invalidate the method of calculating the fibrin
strand width from the dissymmetry measurements.
Because of the experiments described above in
paragraphs one and two, because the results
assumed a consistent pattern (Figure 2), and be-
cause there are theoretical reasons why such phe-
nomena could occur (paragraph three), it ap-
peared justified to make no correction for the scat-
tering due to platelets in the fibrin clot. In the
absence of absolute proof the evidence presented
appears to support the validity of the above
conclusion.

The effect of clot retraction on fibrin radii
The effect of clot retraction on the fibrin strand

radii was measured with both bovine Fraction I

TABLE III

The effect of platelet concentration on proportionate increase in the radii of fibrin strands compared with the
turbidity of the undotted and dotted samples

Observed intensity in microvolts X 10-' at 0 of 60°

Without platelets With platelets

Unclotted Clotted Unclotted Clotted

Clotted

RinA RinA
without with
platelets platelets

0.2 18.3 19.2 24.3 485 514 20,000 1.06
0.4 18.0 21.0 22.5 490 510 20,000 1.04

0.1 22.4 6.3 27.0 605 766 80,000 1.27
0.3 24.0 23.5 29.3 588 748 80,000 1.27

0.2 1-8.3 42.6 25.0 485 660 120,000 1.36
0.4 18.0 26.4 28.8 490 655 120,000 1.34

0.2 18.3 32.0 30.5 485 742 160,000 1.53
0.4 18.0 46.5 33.0 490 735 160,000 1.50

Platelets
per

cu. mm.

Proportionate
increase or

K
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TABLE IV

The effect of clot rdraction on fibrin radii

After retraction

Fibrin Thrombin Platelets R inA Time Proportional
Fibrin conc. conc. per before R.in Est. in increase or
source g/L. u/cc. pH cu. mm. retraction A % min. K

Bovine 0.25 .3 7.23 120,000 740 810 70 120 1.09
Fraction 1.20 .3 7.10 25,000 785 810 20 120 1.03

I 1.20 .3 7.10 124.000 815 825 30 90 1.01
830 40 120 1.01

Plasma 0.23 .3 8.20 25,000 815 850 20 90 1.04
870 30 120 1.07

Plasma 0.21 .02 8.20 23,250 850 865 20 100 1.02
865 40 120 1.02

Plasma 0.21 .3 8.20 23,250 700 690 35 135 0.99

Plasma 0.21 .3 8.20 23,250 750 750 20 150 1.00

plus added platelets and with fresh citrated plasma
diluted with 0.15 M sodium chloride solution
(Table IV). The clots did not begin to retract
until more than one hour after adding thrombin
had elapsed, hence the measurements of the strand
size of the unretracted clots were made one hour
after adding the thrombin. Attempts were made
to accurately measure the amount of retraction by
draining off the free fluid but it soon was apparent
that estimation by simple inspection gave equally
reliable results. Again, no correction was made
for scattering due to platelets as discussed above.
Some experiments were unsuitable for light scat-
tering readings because the clots did not retract
symmetrically and hence the optical system was
inaccurate. Whenever this occurred the sample
was discarded. The ratio of the radii of the
strands of the retracted clot to the radii of the
unretracted clot was designated as K. Although
the radius was increased slightly in all but two ex-
periments, in none was the increase comparable to
that shown with variations in thrombin or platelet
concentration. In fact, in all but one, the in-
creases were within experimental error (5), 7 per
cent or K = 1.07.

Solubility of clots in urea

It is of interest that all of these clots formed by
adding thrombin to Fraction I or plasma dis-
solved easily in 30 per cent urea. Most of the
clots which contained platelets also dissolved, al-
though occasionally a few particles of undissolved

clot remained. Retracted clots dissolved equally
as well as unretracted clots. However, clots
formed by the recalcification of citrated or oxa-
lated plasma were urea insoluble. Recalcified
clots in general have thicker strands than clots
formed from the addition of thrombin to the
plasma (29). The time of clotting is significantly
longer when plasma is clotted by recalcification
than when it is clotted by adding thrombin. And
the amount of thrombin formed by recalcifying
plasma cannot be easily measured. Therefore,
no further quantitative experiments have been
carried out on clots formed by this method.

DISCUSSION

In 1947, Ferry and Morrison (3) stated that
increasing thrombin concentration diminishes the
clotting time and gives thinner fibrin strands be-
cause of an increase of the ratio of "the reaction
rate to the translational and rotational diffusion
rates of fibrinogen molecules." This was com-
pared to the growth of crystals; the slower the
rate of growth the larger the resulting crystals.
In spite of the fact that the kinetics of the fibrino-
gen-fibrin reaction (30, 31) and the theories of
crystal growth (32) have been well studied, a pre-
cise mathematical statement describing fibrin for-
mation still cannot be formulated because of the
lack of knowledge of the basic chemical reactions
involved in the polymerization process. It now
seems evident that the "primary" action of throm-
bin may be proteolytic (33), and by its action an
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altered (or activated) fibrinogen molecule results
(34-37). The fibrinogen molecules then combine
so that long and thick fibers form (38). How-
ever, the nature of the bonds is not yet definitely
known. The ability of urea to dissolve certain
fibrin clots suggests that hydrogen bonds (39) are
involved-but the bond energies of hydrogen
bridges are so low (about 1/10 as strong as most
covalent.bonds [40] ) that probably hundreds would
be necessary for each molecule. This would im-
ply an improbably close alignment of each fibrino-
gen molecule to the next. Most workers (41,
42) agree that amino groups and perhaps carbo-
hydrate groups, not sulfhydryl groups, are in-
volved in the bond. Recent studies have been car-
ried out on inhibited clotting systems (36, 43, 44)
where the polymerization of fibrinogen is retarded
by the presence of hexamethylene glycol, so that
various measurements can be made of partially
polymerized fibrinogen. This work indicates that
"the fundamental process of attachment (of fibrin-
ogen molecules) is lateral dimerization with par-
tial overlapping which, when repeated, leads to
two parallel end-to-end chains with staggered
junctions" (43). Future studies of this type
may lead to a basic understanding of the polymeri-
zation of fibrinogen. It should be emphasized that
plasma clots formed in the presence of the serum
factor and calcium ion are urea-insoluble (45) and
hence differ from the clots derived from purified
fibrinogen and thrombin preparations. The na-
ture of the serum factor, or "urea insolubility fac-
tor," and the specificity of the calcium ion has been
further studied by Loewy (46) but the part that
these two substances play in altering the final clot
is not yet known. It is difficult to compare the
electron microscope findings of Morrison and
Scudder (4) with this investigation. They found
no change in fibrin strand width with the variation
of thrombin concentration between .01 to 1.0 unit
per cc. They formed their clots at pH 6.4 and a
fibrinogen concentration of 1.0 gm. per liter.
However, these authors state that a certain
amount of doubt is cast on the interpretation of all
work of this type due to the limitations of the
technique which requires a very thin film of the
reactants.

The exact role of platelets on fibrin formation
has been controversial since Donne first described
them in 1842 (47, 48). Hayem, in 1878 (49),

originated the concept that platelets were neces-
sary for clot retraction. Tocantins (13), using
a light microscope and hemophilic plasma, stated
that the fibrin strands formed in platelet-free
plasma were twice as long and thick as in platelet
rich plasma. However, these platelet-free clots
took much longer to form and the thrombin con-
centration was not controlled. Best, Cowan, and
Maclean (50), Pinniger and Prunty (14) and
Budtz-Olsen (7), using a light microscope, and
Wolpers and Ruska (15), Braunsteiner, Febvre,
and Klein (16), and Jurgens (51), using an elec-
tron microscope all came to the conclusion that
the fibrin clot structure was the same whether or
not platelets were present. Mann, Hum, and
Mathieson (52) also found that first the fibrin
clot is formed; then the platelets become attached
to the clot. Almost all workers now agree that
intact platelets are necessary for clot retraction,
and some workers believe that either the amount
(53) or rate (54) of retraction is related to the
adhesiveness of platelets. Fonio (55) has demon-
strated that the clot retracting ability of the plate-
let resides in its hyalomere.

Stefanini (56) in his recent review on blood
coagulation summarized the various theories on
the action of platelets in accelerating the conver-
sion of prothrombin to thrombin. In these ex-
periments in which no prothrombin is present
there is no possibility for such an action to occur.
However, Ware, Fahey, and Seegers (57) first
described a property of platelet extracts which ac-
celerates the action of thrombin on fibrinogen-
designated as platelet factor 2. This work was
confirmed by Van Creveld and Paulssen (58).
Horanyi (59) restudied the dual role of platelets
and concluded that upon coagulation some of the
platelets disintegrate increasing the net amount
(or here, activity) of thrombin while the re-
mainder of the platelets remain intact to function
in the retraction of the clot. Therefore, the fewer
destroyed, the greater the retraction (60). The
effect of platelet disintegration is that it may in-
crease local thrombin concentration and may thus
partially contradict the previous observation that
the greater the thrombin concentration, the smaller
the fibrin strands. The relation of the migration
of platelets to strands of fibrin already formed can
only be hypothesized (13). It may result in less
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X THROMBIN

+ PLATELETS +*PLATELETS
+ SERUM FACTOR +SERUM FACTOR
+ Coa

UREA UREA

FIBRIN CLOT FIBRIN CLOT FIBRIN CLOT
WITH WITH WITHOUT

RETRACTION RETRACTION RETRACTION
OJREA INSOLUBLE)

FIG. 3. RATION OF CLOTS WHICH AE OR An NoT UREA SOLUBLE
Do OR Do NoT RETRACT

The serum factors may be identical substances.

numerous but thicker strands per unit weight of
fibrin.

The lack of the increase in thickness of the
fibrin strands upon retraction of the clot is con-
sistent with the observations of other workers in
this field (7, 13). They believe that after coagula-
tion, the platelets which either acted as foci for
laying the fibrin network or migrated to the fibrin
strands, become attached (14, 61) to the fibrin
and then begin to fuse together (viscous meta-
morphosis [50, 62, 63] ).9 As this fusion of the
platelets continues, the fibrin network is drawn
together to give the phenomena of clot retraction.
Since the fibrin strands are not involved in this
process, their sizes remain unchanged. The en-
ergy for this process seems to originate from the
"living" (66, 67) platelets. Thus, during clot-
ting, some platelets disintegrate, others fuse to-
gether. Either, or both of these phenomena would
decrease the light scattering in the clot due to the
platelets, as previously discussed under "Correc-
tion of Data for Scattering from Platelets."

The extact relation between the "serum factor"
necessary for the formation of urea insoluble clots
and the "serum factor" necessary for clot re-

9 This- process of viscous metamorphosis is considered
to be quite distinct from platelet agglutination seen in
some patients with idiopathic thrombocytopenic purpura
(64, 65).

+ SERUMFACTOR
+CCa4

FIBRIN CLOT

WITHOUT
RETRACTION
OUREA INSOLUBLE)

WITH CLOTS WHICH

traction is not clear. Clots formed in the absence
of calcium ions will retract if platelets and the
serum factor are present. In this investigation,
the behavior of the clots toward urea agrees with
Laki and L6frand (68). The urea solubility of
the clots is probably effected by the lowering of
the calcium ion concentration below a critical
level-this low calcium ion concentration in Frac-
tion I resulting from the phosphate buffer used in
the adjustment of the pH and the ionic strength,
and in plasma from the citrate used as an anti-
coagulant. If imidazole buffer (69) was used and
an extra amount of calcium ion added, urea in-
soluble clots were obtained from the unpurified
bovine Fraction I. Since urea soluble clots, which
are formed in the absence of calcium ions and in
the presence of platelets and serum factor, will
retract, it seems reasonable to assume that the
serum factor in this situation merely increased
the viscous metamorphosis of the platelets as de-
scribed by Wright and Minot 36 years ago (62).
It is also reasonable to assume that the fibrin
stucture was the same as though the serum factor
and platelets had been absent. However, if the
calcium ion and a serum factor are present, urea
insoluble clots result which retract when platelets
are also in the clotting mixture. These interre-
lations are diagrammatically represented in Fig-
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ure 3,, where F represents fibrinogen 10 and f is
activated fibrinogen (probably native fibrinogen
from which a peptide has been split-see above).
The actual difference between these two types of
fibrin (urea soluble or insoluble) is probably in
the type of bond. With the calcium and serum
factor present, the urea insoluble clot is stronger
(70, 71) than the urea soluble clot. The calcium
ion is not firmly bound to the fibrin clot-stronger
bonds being forimed in the primary polymerization
process (72). Clearly the retraction of the clot
is independent of the fibrin structure and only
depends on platelet fusion to draw the fibrin
strands together-the fibrin strands remaining
passive in the process.

SUMMARY

Purified fibrinogen solutions and plasma prep-
arations were clotted with various concentrations
of thrombin, both with and without platelets pres-
ent in the clotting mixture. The radii of the fibrin
strands were measured using a light scattering
method and it was shown that:

1. Decreasing the thrombin concentration re-
sulted in wider fibrin strands.

2. Increasing the platelet concentration resulted
in wider fibrin strands.

3. Clot retraction did not significantly alter the
width of the fibrin strands.
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