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Fibrinogen mediated activation of platelet
aggregation and thromboxane A2 release:
pathological implications in vascular disease
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SUMMARY The effect of a human fibrinogen preparation on in vitro platelet aggregation was
assessed. Platelets were obtained from healthy volunteers. Human fibrinogen induced platelet
aggregation in 65% of platelet rich plasma samples and enhanced submaximal platelet aggrega-
tion induced by heparin or by several conventional agonists in all samples. Aggregation induced
by fibrinogen alone was reversed by the in vitro addition of human albumin. Fibrinogen induced
aggregation was associated with the release of the vasoconstrictor, thromboxane A2. Preincuba-
tion with indomethacin inhibited both the aggregation and the release of thromboxane A2.
Fibrinogen had no effect on in vitro vascular prostaglandin 12 synthesis (rat aortic rings) during a
60 minute incubation. The observed effects of fibrinogen on platelet function may be relevant
to clinical conditions in which hyperaggregability of platelets is associated with
hyperfibrinogenaemia and thrombosis.

The association between increased plasma
fibrinogen concentrations and an increased inci-
dence of vascular disease is well documented.'-3
Increased plasma fibrinogen concentrations have
been reported in patients with peripheral vascular
disease,'-3 diabetes mellitus,'-3 Raynaud's syn-
drome,' nephrotic syndrome,5 angina,6 myocardial
infarction,'-3 6 7stroke,' -3 postsurgical trauma,' 3 8
in smokers,'-3 and in women taking oral contracep-
tives.'-3 The converse also appears to be true: low
plasma fibrinogen concentrations are associated
with a diminshed risk of arterial disease,'-3 and
preoperative partial defibrination results in a
reduced incidence of postoperative venous throm-
bosis.' 2 Epidemiological studies suggest that
fibrinogen may even be a better predictor of coro-
nary death than cholesterol.3

It would, therefore, be of interest to explore,
under controlled conditions, the potential mechan-
isms by which fibrinogen could enhance throm-
bogenesis. Several mechanisms have been consi-
dered, including the effect of fibrinogen on plasma
viscosity, coagulation, and fibrinolysis.'-3 Fib-
rinogen also binds to platelets and is an essential
requirement for platelet aggregation induced by cer-

Accepted for publication 6 June 1985

tain agonists.9 Platelet hyperactivity has also been
reported in most of the conditions in which plasma
fibrinogen concentrations are increased.'-3 10 11 Clin-
ical trials have reported a highly significant correla-
tion between plasma fibrinogen concentration and
circulating platelet aggregates.'2 Furthermore,
reduction of the fibrinogen concentration after the
administration of ancrod resulted in a reduction in
the number of circulating platelet aggregates.'2 In
vitro studies, however, are conflicting. Some report
that fibrinogen enhances platelet adhesion,' while
others show that fibrinogen inhibits' or
enhances' '4 platelet aggregation. To our know-
ledge, the induction of platelet aggregation in vitro
by fibrinogen alone has not been reported. Finally,
agents (including thromboxane A2) that induce
aggregation expose platelet fibrinogen receptors,
whereas inhibitors of aggregation (including pros-
tacyclin) have the opposite effect.'5-7
The present study investigated certain aspects of

the platelet-fibrinogen relation in vitro using a
human fibrinogen preparation. Since the vascular
endothelium produces prostacyclin (prostaglandin
12, a potent inhibitor of platelet aggregation,'8 we
also investigated the effect of short term incubation
with fibrinogen on prostaglandin 12 synthesis using
rat aortic rings as a model.
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Material and methods

Human fibrinogen was obtained from Sigma Chemi-
cals (Poole, England). This fibrinogen preparation
was 60% protein (over 90% of clottable protein)
and contains about 15% sodium citrate and about
25% sodium chloride (information in current Sigma
catalogue). Adrenaline, adenosine diposphate,
serotonin, human fraction V albumin, and essen-

tially fatty acid free human albumin were obtained
from Sigma Chemical Company. Heparin (Throm-
boliquine; a conventional high molecular weight
fraction sodium heparin of porcine intestinal
mucosal origin) was a gift from Organon Interna-
tional BV (Oss, Holland). Collagen was obtained
from Hormon-Chemie (Munich, West Germany).

Venous blood was obtained from healthy male
and female volunteers who had not ingested any

drugs for at least two weeks before sampling. The
number and sex of subjects selected ip each experi-
ment are described in the appropriate subsections
below.

Unless otherwise stated, venous blood was col-
lected in 3-8% trisodium citrate, as previously
described.'9 Platelet rich plasma and platelet poor

plasma were prepared by centrifugation at room

temperature.'9 Thereafter, all platelet rich plasma
was kept at 37°C throughout the experimental pro-

cedures: we have previously shown that cooling of
platelet rich plasma at temperatures below 37°C
affects platelet function.20

STRUCTURE OF EXPERIMENTS
Platelet aggregation and thromboxane A2 release
induced by human fibrinogen preparations
Fibringen was dissolved in physiological (0-9%)
saline (final fibrinogen concentration 20-40 g/l).
Various amounts of this solution (Table 1) were

added to platelet rich plasma obtained from 20
healthy volunteers (12 men, eight women).
The concentration of fibrinogen in platelet rich

plasma (in the absence of added exogneous

fibrinogen) was 1*9 to 2-2 g/l. These concentrations
are lower than the expected normal value because of
the added citrate, a requirement for the preparation
of platelet rich plasma. It follows that, after the addi-
tion of 2 and 4 g/l of exogenous fibrinogen, the total
concentration of fibrinogen in the platelet rich
plasma ranged between 3-9-4-2 and 5-9-6 2 g/l.
These small variations in fibrinogen concentration
did not influence platelet function in our assay sys-

tem. It was therefore unnecessary to make minor
adjustments to the concentrations of exogenous

fibrinogen, especially at the cost of delaying the
platelet aggregation experiments, which depend on

Table 1 Effect ofhuman fibrinogen on platelet
aggregation (n = 20). Figures are percentage aggregation

Solution Median Range

Platelet rich plasma + saline 4 0-10
only (control experiment)

Platelet rich plasma + fibrinogent 37* 0-80
Platelet rich plasma + fibrinogent 58* 0-82

*p < 0-01, control platelet rich plasma (PRP) v PRP with
fibnrnogen added (paired Wilcoxon test).
tFinal concentration of added fibrinogen 2 g/l.
*Final concentration of added fibrinogen 4 g/l.

cell viability and therefore on the freshness of the
sample.
As added safeguards, we (a) measured plasma

fibrinogen concentrations (while aggregations were
being carried out) to ensure that the values did not
deviate from the range quoted above. Measure-
ments were carried out using a Cobas Fibro (Roche
Instruments, Welwyn Garden City, Herts, Eng-
land); and (b) compared responses in platelet rich
plasma samples with the lowest initial fibrinogen
concentration (1.9 g/l) with those samples with the
highest initial concentrations (2-2 g/l); there were no
differences in the patterns of enhancement.

Aggregation was expressed as the percentage fall
in optical density'920 and monitored for up to 15
minutes or until a maximum fall in optical density
was sustained for one minute.
The platelet rich plasma from six subjects who

reacted (more than 50% aggregation) to human
fibrinogen (final concentration of added fibrinogen
in the platelet rich plasma 4 g/l) was also assayed for
thromboxane A2 generation, as previously
described.2' Briefly, when maximal aggregation had
occurred the platelet rich plasma (500 ul) was
added to 1 ml ethanol (to stop the reaction) and
vigorously mixed. The sample was then stored at
-70°C until assay using a specific radioimmunoas-
say2' for thromboxane B2, the stable spontaneous
breakdown product of thromboxane A2. Platelet
counts in platelet rich plasma were measured using a
Coulter Counter Model D (Coulter Electronics
Limited, Luton, Beds, England) to allow the expres-
sion of throimboxane B2 results in terms of platelet
count.2' Aggregation induced by fibrinogen in these
six subjects was also repeated in platelet rich plasma
that had been pre-incubated for one minute at 37°C
with indomethacin (final concentration 8 mg/1) .22
The aggregation experiments with fibrinogen

were repeated in four men and three women, with
blood collected in 3-4% citrate instead of 3-8%
citrate, in order to establish whether the citrate con-
tained in the human fibrinogen preparation
influenced the results.

All experiments were conducted with saline only
(same volume as the fibrinogen-saline solution)
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added to platelet rich plasma to act as controls.
Aggregations were always run in parallel, one

aggregometer channel containing platelet rich
plasma and fibrinogen and the other channel con-

taining platelet rich plasma and saline (control).

Enhancement ofplatelet aggregation by fibrinogen
Submaximal platelet aggregation was induced using
low concentrations of adenosine diphosphate,
adrenaline, serotonin, or collagen. Table 2 shows
the final concentrations of these agonists. Eight sub-
jects (five men, three women) were studied with
each aggregating agent. The low concentrations of
agonists were selected to produce submaximal
aggregation and so allow the quantification of any

enhancement of platelet aggregation after the addi-
tion of fibrinogen.2324
The potential enhancing effect of fibrinogen was

also evaluated after the addition of heparin
(Thromboliquine, Organon). The concentration of
heparin selected (0.8-3 IU/ml) was always
insufficient to cause more than 10% aggregation
when added alone to platelet rich plasma.

Fibrinogen was added to platelet rich plasma in
the aggregometer (final concentration of added
fibrinogen 2 g/l). The amount of fibrinogen was

selected so as not to cause substantial platelet
aggregation (<10%) when added alone to platelet
rich plasma from the same subject. After five minutes
incubation, at 37°C in the aggregometer cuvette, the
submaximal dose of the appropriate aggregating
agent (or heparin) was added.

Controls consisted of the appropriate volumes of
saline added in place of the fibrinogen-saline solu-
tions. Aggregation was monitored until a maximal
fall in optical density was sustained for one minute.
Experiments were always run in parallel, one chan-
nel recording the platelet rich plasma plus saline
plus submaximal dose of agonist (control experi-
ment), the other platelet rich plasma plus fibrinogen
plus submaximal dose of agonist.

In addition to the experiments described above,
we also investigated whether fibrinogen induced
enhancement of aggregation antagonises the
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inhibitory action of prostacyclin (prostaglandin 12).
Platelet rich plasma from four subjects was tested in
the presence of exogenous fibrinogen (final concent-
ration of added fibrinogen 2 g/l) or of the appropri-
ate volume of the saline vehicle, as described above.
After five minutes of incubation of platelet rich
plasma with saline or fibrinogen prostaglandin was

added (final concentration 0-5-1 ng/ml), and one

minute later aggregation was induced by adding
adenosine diphosphate (final concentration 1-
2,moilI). Percentage aggregation was recorded as

the percentage fall in optical density three minutes
after adding the adenosine diphosphate. Further
details describing the technique of using prostaglan-
din 12 as an inhibitor.of in vitro platelet aggregation
are available elsewhere.'920

"Neutralisation" ofhuman fibrinogen induced
platelet aggregation by the addition ofalbumin
preparations
Others have shown that the addition of essentially
fatty acid free human albumin to platelet rich
plasma can abolish spontaneous platelet aggregation
in samples obtained from patients with nephrotic
syndrome." This condition is associated with both
raised plasma fibrinogen concentrations5 and
enhanced platelet aggregation.'°0" We therefore
attempted to mimic this "neutralisation" of platelet
aggregation in our in vitro experiments.
Human fraction V albumin and essentially fatty

acid free human albumin were dissolved in
physiological (0.9%) saline. Various volumes of
these albumin solutions were added to platelet rich
plasma (final concentration of added albumin 3-2-
6-0 g/l). After two minutes of incubation in the
aggregometer the fibrinogen-saline solution was
added; the concentration of added fibrinogen (0.8-
3.2 g/l) having been previously shown to induce at
least 50% aggregation in the same samples of
platelet rich plasma (six men, four women) in the
absence of added albumin. Aggregation was then
monitored for the same period of time as that
required to produce maximum fibrinogen induced
aggregation in the absence of albumin (time range

Table 2 Enhancing effect ofhuman fibrinogen on platelet aggregation (n = 8) induced by several aggregating agents.
Figures are median and range ofpercentage aggregation

Solution Aggregating agent dose

ADP Adrenaline Collagen Serotonin Heparin
(0-2-1-0 ,molll) (0-2-1-0 pnolll) (0-15-05 mgll) (10-S50 molll) (04-3 Ulml)

PRP + saline only
(control experiment) 5 (0-10) 8 (0-14) 3 (0-11) 0 (0-17) 3 (0-11)

PRP + saline + fibrinogen* 50 (33-62) 52 (35-56) 37 (27-46) .45 (20-78) 63 (46-68)
p valuet <0-01 <0-01 <0 01 <0-01 <0-01

Final concentration of added fibrinogen in platelet rich plasma (PRP) 2 g/l.
PRP = platelet rich plasma; ADP = adenosine diphosphate. tPaired Wilcoxon test.
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three to 12 minutes). Control experiments consisted
of appropriate volumes of saline added instead of
the albumin solutions. Experiments were always run
in parallel, one channel recording the platelet rich
plasma plus albumin preparation plus fibrinogen,
the other platelet rich plasma plus saline plus
fibrinogen.
The effect of essentially fatty acid free and frac-

tion V albumin, added in vitro, on platelet aggrega-
tion induced by conventional agents (adenosine
diphosphate, adrenaline, collagen) was also asses-
sed. Only the maximum concentrations of essen-
tially fatty acid free albumin and fraction V albumin
(6 g/l) used to abolish fibrinogen induced aggrega-
tion were evaluated. The concentration of agonists
used (adenosine disphosphate 2-3 umolIl;
adrenaline 2-5 ,molIl; collagen 0-2-1 mg/l) were
selected so as to induce a percentage platelet
aggregation similar to that induced by fibrinogen
alone. Nine subjects (five men, four women) were
evaluated.

Effect ofhuman fibrinogen on prostaglandin I2
release by rat aortic rings
Since fibrinogen was found to enhance and even
occasionally to intitiate platelet aggregation we
investigated whether it also exerted any influence on
prostaglandin I2 synthesis using rat aortic rings as a
model. Rat aortic rings were prepared as previously
described.2'22 They were incubated in phosphate
buffered saline (pH 7.4) at 37°C for 60 minutes in
the absence and presence of fibrinogen (final con-
centFations 1, 2, 4, 8, and 16 gIl). The amount of
6-oxo-prostaglandin F,a (the stable spontaneous
metabolite of prostacyclin, prostaglandin 12)
released into the buffer during the 60 minutes incu-
bation was quantified using a specific radioim-

21 22munoassay. The amount of citrate in each incu-
bate was kept constant by adding appropriate
amounts of citrate to the incubates with the lower
fibrinogen content.

Further characterisation ofthe human fibrinogen
preparation
The proportion of clottable protein was confirmed
as being 95% for the fibrinogen batch used in the
experiments described above. A fibrinogen degrada-
tion product assay (in routine use at the Royal Free
Hospital) was also performed. Fibrinogen was pre-
was assayed for proaggregatory potency. Sodium
dodecyl sulphate (SDS) gel electrophoresis was also
performed.

STATISTICAL ANALYSIS AND EXPRESSION OF
RESULTS
Results are expressed as median and range. Statisti-
cal comparisons were made using the non-

parametric paired Wilcoxon rank sum test (two
tail)25 to compare the observations in the control
experiments with those in the test experiments.

Results
PLATELET AGGREGATION AND THROMBOXANE
A2 RELEASE BY HUMAN FIBRINOGEN
Human fibrinogen (final concentration of added
fibrinogen in platelet rich plasma 4 g/l) resulted in
substantial (>33%) aggregation in 13 (65% of sam-
ples) samples of platelet rich plasma obtained from
20 healthy subjects. Table 1 shows the median and
range of percentage aggregation. Fibrinogen
induced aggregation was more substantial and
tended to occur earlier with higher fibrinogen con-
centrations. Lower and intermediate concentrations
of fibrinogen, not shown in Table 1, were tested in a
few subjects and confirmed the same trend.

Fibrinogen induced release of thromboxane A2 in
platelet rich plasma obtained from the six subjects
who were selected because fibrinogen (final con-
centration of added fibrinogen in platelet rich
plasma 4 g/l) had induced more than 50% aggrega-
tion. The median platelet thromboxane A2 release
was 32, and the range was 15-60 ng of thromboxane
B2/ml of platelet rich plasma or 10 (5-18) ng of
thromboxane B2/108 platelets. Samples of platelet
rich plasma, with saline only added, did not produce
any substantial aggregation or thromboxane A2
release; in these samples of platelet rich plasma per-
centage aggregation was 4(0-10)% and thrombox-
ane A2 release was <2 ng of thromboxane B2/ml of
platelet rich plasma (<1 ng of thromboxane B2/108
platelets). Preincubation with indomethacin elimi-
nated both the aggregation (to <10% aggregation)
and the thromboxane A2 release (about 95% inhi-
bited).

Collecting blood at lower citrate concentrations
(3.4%) did not appreciably alter the results previ-
ously observed with fibrinogen and blood collected
at the higher citrate concentration (3.8%).

HUMAN FIBRINOGEN INDUCED ENHANCEMENT
OF PLATELET AGGREGATION (TABLE 2)
Fibrinogen consistently and appreciably enhanced
submaximal platelet aggregation induced by several
agonists (adenosine diphosphate, adrenaline, col-
lagen, serotonin, heparin). Heparin alone was
unable to induce platelet aggregation, but aggrega-
tion was observed when fibrinogen (final concentra-
tion 0*8-3-2 g/l) was also present. Exogenous
fibrinogen antagonised prostaglandin 12 mediated
inhibition of aggregation, the percentage aggrega-
tion always being greater in the samples of platelet
rich plasma to which exogenous fibrinogen had been

1169

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.38.10.1166 on 1 O

ctober 1985. D
ow

nloaded from
 

http://jcp.bmj.com/


1170
added than in the samples of platelet rich plasma
with saline only.
"NEUTRALISATION" OF FIBRINOGEN INDUCED
PLATELET AGGREGATION BY THE ADDITION OF
ALBUMIN PREPARATIONS
Both human fraction V albumin and essential fatty
acid free human albumin were capable of abolishing
the platelet aggregation induced by fibrinogen. Fatty
acid free human albumin was more effective than
fraction V albumin (Table 3). Both fraction V and
essentially fatty acid free albumin, at the maximum
final concentrations used in the fibrinogen experi-
ments (Table 3), only minimally inhibited adenosine
diphosphate adrenaline and collagen induced
platelet aggregation despite the fact that the percen-
tage aggregation induced by these latter agents was
of the same magnitude as that observed with
fibrinogen alone. In these latter experiments frac-
tion V albumin had similar effects to those of essen-
tially fatty acid free albumin.
EFFECT OF HUMAN FIBRINOGEN ON
PROSTAGLANDIN I2 RELEASE FROM RAT AORTIC
RINGS
Short term incubation (60 minutes) of rat aortic
rings with human fibrinogen did not appreciably
alter prostaglandin 12 production, which was of an
order similar to that previously reported by US.21 22
FURTHER CHARACTERISATION OF THE HUMAN
FIBRINOGEN PREPARATION
The fibrinogen degradation product assay (normal
range in plasma <10 ,g/ml) detected <10 ,ug
fibrinogen degradation product/ml of fibrinogen sol-
ution (final concentration of fibrinogen preparation
40 g/l). Heat precipitation of fibrinogen showed that
the supernatant did not retain the ability to induce
platelet aggregation. SDS gel electrophoresis
showed the expected bands.

Table 3 Effect offraction V human albumin and
essentially fatty acid free human albumin on platelet
aggregation (n = 10) induced by human fibrinogen in vitro.
Figures are median and range

Final concentration (gll) of albumin Platelet aggregation (%o)
preparation added to PRP induced by human

fibrinogent

0 (control) 68 (50-82)
4-0

Fraction V albumin 48 (4-56)
Fatty acid free albumin 10 (2-47)*

6-0
Fraction V albumin 25 (1-70)*
Fatty acid free albumin 0 (08) *t

*p = 0 05; **p = 0-01; controls (no albumin added) v albumin
containing samples (paired Wilcoxon rank sum test).
tp < 0 05; fraction V containing samples v fatty acid free albumin
containing samples.
tFinal concentration of added fibrinogen 4 g/l.
PRP = platelet rich plasma.

Mikhailidis, Barradas, Maris, Jeremy, Dandona

Discussion

Our findings clearly show that human fibrinogen
cannot only enhance but also induce human platelet
aggregation in platelet rich plasma. Other highly
purified fibrinogen preparations'31" also enhance in
vitro platelet aggregation induced by other agents
under various experimental conditions. To our
knowledge, however, platelet aggregation induced
by the addition of fibrinogen alone has not been
previously reported. In contrast, fibrinogen had no
effect on vascular prostaglandin 12 release, but it did
antagonise prostaglandin 12 mediated inhibition of in
vitro platelet aggregation.
The question remains whether our findings with

human fibrinogen relate to pathological situations in
vivo. Although this question cannot be conclusively
answered, there is evidence that our in vitro findings
are in accord with in vivo observations. The
behaviour of human fibrinogen in the present study
would go some way to explaining why plasma
fibrinogen concentrations correlate with platelet
aggregation26 and increased fibrinogen concentra-
tions are associated with platelet aggregation and an
increased incidence of vascular disease.27 Our results
are also very similar to those showing that albumin,
added in vitro, abolished spontaneous aggregation
in samples obtained from patients with nephrotic
syndrome." It is of interest that the concentrations
of essentially fatty acid free human albumin
required to neutralise aggregation in our
experiments and the nephrotic syndrome study" are
of a similar order. The mechanism involved in the
abolition of aggregation by albumin is unclear but
may relate, as previously suggested, to the ability of
albumin to bind arachidonic acid, thromboxane A2,
or endoperoxides." Such a view is compatible with
the greater inhibitory potency of fatty acid free
albumin than of fraction V albumin since the latter is
rich in fatty acids.28 Our experimental observations
would therefore predict that in the nephrotic
syndrome, a condition where a low plasma
albumin" and an increased plasma fibrinogen5
concentration are usually found, platelet
hyperaggregability should occur. This is indeed the
case; platelets have been shown to be
hyperaggregable and to generate appreciably
greater quantities of thromboxane A2.'0" An
increased incidence of thrombotic events has also
been reported in this condition.'" "
We also investigated the fibrinogen-heparin

interaction since there is increasing evidence that, in
certain situations, heparin can directly activate
platelets in vivo and in vitro.293' Since fibrinogen
and heparin potentiated each other our findings
predict that heparin administration would be less
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beneficial in conditions in which plasma fibrinogen
concentrations are increased. Thus in severe
peripheral vascular disease prophylactic heparin
administration has been shown to be less beneficial
than in other surgical patients.32 Furthermore, vas-
cular surgeons have noted an association between
heparin administration and serious vascular occlu-
sion with platelet thrombi (the white clot syn-
drome).3 It is of interest that both heparin" and
fibrinogen have been shown to antagonise prostag-
landin 12 mediated inhibition of platelet aggregation.

In conclusion, the proaggregatory effect of
fibrinogen may contribute, at least in part, to pro-
thrombotic and atherogenic effects. This area needs
further elucidation.

DPM is a Wellcome Trust Fellow. MAB is sup-
ported by a grant from the North East Thames Reg-
ional Health Authority. We thank Pamela Dale for
secretarial assistance; Sigma Chemical Company
(Poole, UK) for supplying information regarding
their fibrinogen and human albumin preparations;
and Organon International BV (Oss, Holland) for
supplying Thromboliquine.
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