
J Clin Pathol 1981 ;34:625-629

Method for measuring fibrinolytic activity in a single
layer of cells
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SUMMARY A method has been developed for measuring fibrinolytic activity in a single layer of
cells-for example, venous endothelium or peritoneal mesothelium. A single layer of cells was

collected on a gelatin disc, incubated on a fibrin plate for 24 h, and the resulting area of lysis measured.
This was converted to a measure of fibrinolytic activity expressed in Ploug units of urokinase by
reference to areas of lysis created by standard amounts of urokinase placed on similar fibrin plates.
The method has been used for measuring fibrinolytic activity in venous endothelium and peritoneal
mesothelium and has demonstrated that the activity in a single layer of endothelial cells is only about
one-quarter of that in an equivalent area of whole vein wall. It has also shown that peritoneal
fibrinolytic activity is reduced after peritoneal trauma. This method may be useful in the investigation
of the fibrinolytic system in a variety of pathological conditions-for example, thrombosis and
intraperitoneal adhesions.

There is no satisfactory method for measuring
plasminogen activator in a single layer of cells-for
example, vascular endothelium or peritoneal meso-
thelium. The majority of methods available take into
account the total activity in the vessel wall, or in the
case of peritoneum, the underlying muscle. The
specific activity confined to the layer of cells lining
the vessel or cavity cannot be measured at present.
Methods include the fibrin-plate technique' and
Todd's microscopical modification of this-that is,
the fibrin slide technique.2 The latter has been
modified for use as a semiquantitative technique,3 an
arbitrary unit being used to assess fibrinolytic
activity based on the area of lysis and the time it
takes to appear. A quantitative method has recently
been described by Johnson and Mansfield4 which is
applied to weighed specimens of whole vein wall
incubated on a fibrin clot labelled with 1251, the
radioactivity of the products of lysis being used to
measure fibrinolytic activity. Again this method
takes into account the activity in the whole vessel
wall. A method of assessing fibrinolytic activity in
extracts of bovine endothelium and mesothelium,
initially obtained as a single layer of cells on cellulose
polyacetate paper, has been described5 but again only
arbitrary units (+ to + + + +) were used to give a
rough estimate of the amount of lysis obtained.
Warren6 and Todd7 have described a method of
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obtaining a single layer of cells on a slide but no
attempt was made to quantify the fibrinolysis
demonstrated, and indeed this would have been
difficult in view of the patchy uptake of cells on to the
fibrin slide. This paper reports a method of measur-
ing plasminogen activator in a single layer of cells.

Material and methods

A single layer of cells was collected orn a gelatin
disc.8 9 Discs (6 mm diam) were cut from a sheet
of dry gelatin (Gelfilm, Upjohn) using a simple paper
punch. A disc was then applied to either vein wall or
peritoneum and left in contact for about 10 s, after
which it was peeled off leaving a single layer of cells
attached to the disc. Discs were incubated in
duplicate on a fibrin plate at 37 °C for 24 h and the
area of lysis measured in mm2. The fibrin plate was
prepared as follows: 2 ml of 1 % human fibrinogen
(Kabi), 0-6 ml of veronal acetate buffer (pH 7 4), and
0-2 ml of human plasminogen (Kabi, 2-5 casein
units/ml) were mixed together in a flat-bottomed
Petri dish (50 mm diam) on a level surface. The
mixture was clotted by adding 0-2 ml of thrombin
(Parke-Davis, 20 NIH* units/ml), giving a fibrin film
of uniform thickness. Discs were also incubated on
plates heated at 80°C for 15 min to destroy
plasminogen.

*NIH = National Institutes of Health.

625

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.34.6.625 on 1 June 1981. D
ow

nloaded from
 

http://jcp.bmj.com/


626

In order to standardise the plates and obtain a
unit in which to express fibrinolytic activity, 20 ,u
drops of different concentrations of urokinase (Leo
Laboratories) were incubated on fibrin plates at
37°C for 24 h. The concentrations of urokinase
which gave lysis areas in the same range as those of
the incubated discs were found to be between 0 5 to
50 Ploug units/ml. The areas of lysis produced by
these drops were measured in mm2 and the area of
lysis plotted against the total amount of urokinase in
the 20 ,ul drop on a double logarithmic graph. This
gave a straight line relation. A typical standardisation
graph is shown in Fig. 1. The area of lysis produced
by a single layer of cells on a gelatin disc was then
read offon the graph against the equivalent urokinase
activity. This gave a measure of fibrinolytic activity
in Ploug units, the latter being an arbitrary standard
for measuring urokinase activity.10
The method has been used to measure fibrinolytic

activity in a single layer of cells obtained from the
upper end of the long saphenous vein in patients
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Fig. 1 Relation between lysis area (mm2) and total
urokinase in a 20 ,ul drop (Ploug units) on a double
logarithmic scale. A typical standardisation graph.
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undergoing surgery for varicose veins and has been
compared with the activity in an equivalent area of
whole vein wall. Specimens of long saphenous vein
were obtained from patients undergoing routine
surgery for varicose veins. About two inches of the
upper end of the vein was obtained. The blood was
allowed to drain freely from it, no attempt being
made to wash the endothelial surface or dab it dry
both of which could damage the endothelial cells.
The specimen obtained was opened longitudinally,
pinned flat on a cork board, and the gelatin discs
were applied to the surface as described above. In
order to measure fibrinolytic activity in an equivalent
area of whole vein wall, an adjacent area to that
sampled by the gelatin disc, was excised using a sharp
cork borer (6 mm diam). These specimens were
incubated endothelial side down on a fibrin plate and
the area of lysis measured at 24 h. The method has
also been used to measure fibrinolytic activity in the
peritoneum of adult male Sprague-Dawley rats, both
in normal rats and in those subjected to stripping of
the parietal peritoneum and caecal abrasion. The
latter factors have previously been shown by
another method to reduce peritoneal fibrinolytic
activity.'

Results

Fig. 2 shows a single layer of cells obtained on a
gelatin disc. Fig. 3 shows the areas of lysis around
duplicate discs incubated on a fibrin plate. The
results obtained for the upper end of the long
saphenous vein are shown in Table 1. The activity in
the whole vein wall is three to four times greater than
that in an equivalent area of a single layer of
endothelial cells. Table 2 shows that stripping of an
area of parietal peritoneum results in reduced serosal
fibrinolytic activity and Table 3 shows a similar

Fig. 2 A single layer of
endothelial cells on a gelatin
film. Toluidine blue x 200.
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Fig. 3 Areas of lysis around
duplicate gelatin discs incubated on a
fibrin plate.

Table 1 Fibrinolytic activity in vein wall (upper end of long saphenous vein)

No ofspecimen Whole vein wall Endothelial cells

Lysis area (mm2) Activity (Ploug units) Lysis area (mm2) Activity (Ploug units)

1 580 070 168 019
2 600 0 75 187 0-20
3 700 0-96 267 0-30
4 540 0 70 191 0-21
5 660 0-89 219 0-24
6 620 0-84 208 0-22
Mean ± SD 616 ± 46 0-81 ± 0 1 206 ± 25 0-23 ± 0 04

Table 2 Rat peritoneum fibrinolytic activity

No of specimen Normal parietal peritoneum After stripping ofperitoneum

Lysis area (mm") Activity (Ploug units) Lysis area (mm') Activity (Ploug units)

1 72 0-070 49 0-043
2 76 0-072 56 0 050
3 83 0-081 50 0 044
4 75 0-071 45 0-038
5 83 0-081 57 0-051
6 73 0 070 49 0 043
Mean + SD 77 ± 5 0 074 ± 0 005 51 + 4 0-045 + 0-005

effect for caecal abrasion. Specimens incubated on Discussion
plates heated at 80°C for 15 min to destroy plas-
minogen showed no activity. The report describes a method of measuring

so

627

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.34.6.625 on 1 June 1981. D
ow

nloaded from
 

http://jcp.bmj.com/


Table 3 Rat peritoneum fibrinolytic activity

No of specimen Normal caecum Caecum after gauze abrasion

Lysis area (mm2) Activity (Ploug units) Lysis area (mm") Activity (Ploug units)

1 108 0 100 36 0-030
2 142 0-150 48 0043
3 108 0110 60 0054
4 142 0-150 60 0-054
5 75 0-071 40 0 034
6 100 0100 50 0046
Mean ± SD 112 ± 26 0-113 ± 003 49 + 10 0043 ± 001

fibrinolytic activity in a single layer of cells. As a
result it has been possible to obtain a quantification
of fibrinolytic activity in a given area of endothelium
or mesothelium. Previous attempts to measure
fibrinolytic activity in vessel walls have involved a
semi-quantitative technique3 using the fibrin slide
technique of Todd.2 It is apparent from examination
of the micrographs presented by Pandolfi and his
colleagues3 that a large amount of the activity
assessed in the method is due to fibrinolytic activity
in the adventitia and media and indeed in some cases
very little could be attributed to the endothelial
lining of the vessel. This method avoids any activity
of the underlying tissue because it measures only the
activity of a single layer of endothelial cells on the
gelatin disc. A further difficulty with the fibrin slide
technique is in obtaining a layer of fibrin of uniform
thickness, but Todd and Nunn'2 largely overcame
this by preparing the fibrin film on a sheet of
cellophane in a level trough; it has been overcome in
this method by preparing a standard amount of clot
in a flat-bottomed Petri dish on a level surface. Also
variations may occur due to differences in the
amount of plasminogen contained in the fibrinogen
used to prepare the plates. This has been overcome in
this method by (a) adding a specific amount of
plasminogen to the constituents of the plate and (b)
standardising the plates with graded concentrations
of urokinase and converting the area of lysis to a
measure of fibrinolytic activity expressed in Ploug
units of urokinase. The method is simple to use and
requires only the application of the disc of gelatin to
the surface layer of cells and the incubation of the
disc on a fibrin plate for 24 h. For optimum results,
however, certain conditions have to be fulfilled: the
surface of the specimen should be flat, reasonably
moist, and at body temperature. In the absence of the
latter criteria the pick up rate of cells on the gelatin
disc may be patchy. A disadvantage of the technique
is that it is not possible to stain and examine the
same area of cells that is incubated on the fibrin
plate since the cells become detached from the
gelatin disc during incubation. If histological
examination is required an adjacent area of cells has
to be sampled. Also while the cells sampled cover the

whole of the gelatin disc there may be variations in
the total number of cells on the disc due to variations
in cell density over different areas of the vessel wall.
This is not considered a major disadvantage since one
is, in fact, picking up the number of cells that is
actually in contact with the blood stream over a
given area. Also, both in the case of vein wall and
peritoneum, care has to be taken to avoid stretching
or grossly distorting the underlying layer of muscle
which would lead to an expansion of the superficial
layer of cells effectively reducing the number of cells
on the disc. Results obtained using the method show
that the activity in a single layer of endothelial cells is
between a third and a quarter of that in an equivalent
area of whole vein wall. The significance of this is not
clear but it seems logical to argue that the activity in
the layer of cells in immediate contact with the blood
is more relevant to the problem of thrombosis than
the total activity in the vessel wall (including
activity in the media and adventitia), although it
remains a possibility that the vasa vasorum may
make a contribution. The method has also demon-
strated a reduction of serosal fibrinolytic activity
following peritoneal stripping and caecal abrasion,
thus confirming the findings of Gervin et al.1 and
Buckman et al.'3 who used full thickness peritoneal
biopsy specimens.

In conclusion it is suggested that this method
is a simple and effective way of measuring fibrinolytic
activity in a single layer of cells.

I wish to thank Professor IE Gillespie for his
encouragement and critical reading of the manu-
script, Mrs Ann Tomlin for technical assistance and
Miss Joan Martin and Miss Anne Jones for typing
the manuscript. I am indebted to Upjohn Limited for
the free supply of Gelfilm.
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