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Abstract. The activity of plasminogen activator has been 
measured in tissue sections with the aid of a modified 
Todd technique. Frozen skin biopsies were sectioned and 
the tissue covered with fibrin-plasminogen film. After in­
cubation at 37 °C fibrinolysis was studied for a pe1iod of 30 
min and was graded inta six exponentially increasing 
steps. During this period, grades were linear with the 
logarithm of time of incubation. The rate of fibrinolysis is 
a measure of the activity of the plasminogen activator and 
is expressed by the slope of the linear regression of grades 
versus the logarithm of time; the value of the slope is 
proportional to the common logarithm of the activity of 
the plasminogen activator present in the section. Using 
urokinase as a specific plasminogen activator. the same 
linear expression was shown with time, indicating the 
validity of our grading and experimental system. Eleven 
healthy subjects served as controls to 6 patients with 
leukocytoclastic vasculitis and 4 patients with erysipelas 
and 4 with necrotizing fasciitis. The controls showed val­
ues similar to the non-involved skin in the patients. The 
activity was higher in the arm than in lhe lhigh sites. The 
activi1y in the lhighs was lower in women than in men. A 
decrease in the plasminogen ac1ivator activity was found 
in the three disorders. 
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In recent years fibrinolysis in the dermis in various 

skin disorders has been evaluated (for references, 

see Cunliffe, (2)). The methodology of Todd (10) 

has been the basis for the histochemical visualiza­

tion of fibrinolysis used in these studies. This tech­

nique has been modified, mainly by alterations in 

the composition of the reagents needed for making 

the fibrin film applied to the·skin sections and in the 
way in which lysis zones are evaluated. Dodman et 

al. (3) measured the area offibrinolysis as a percent­

age of the overall area of the section after a eon-

stant incubation period. However, there is a need 

for a more accurate cstimation of the fibrinolytic 

activity in tissues. In the present investigation the 

progress of fibrinolysis was studied at intervals dur­

ing t he period of incubation and the degree of lysis 

graded in order to obtain more accurately the fi­

brinolytic activity in the sample. lts relevance and 

the results obtained in healthy subjects and patients 

with intlammatory skin reactions are reported. 

MATERIAL AND METHODS 

Clinical material 

Eleven healthy subjects (4 females. 7 males), mean age 
25±5 (S.D.) years, were used as controls and for the 
assessment and validation of the test procedure used. 
Eighl patients (6 females, 2 males), mean age 55± 16 (S.D.) 
years, ha ving leukocytoclastic vasculitis as defined by 
Sams el al. (9) and 8 patients having erysipelas or necrotiz­
ing fasciitis as recently dcscribed (4) were also studied. 
Table I summarizes the clinical data of the patients. 

Reagents 

Human fibrinogen, fraction 1-4, 97-100% clottable. (I) 
was obtained from lmCo Co, Stockholm. The fibrinogen 
was dissolved to a concentration of 20 g/1 in a saline 
phosphate bu!Ier, pH 7.3, containing 0.3 M NaCI and 0.02 
M sodium phosphate. It was passed through a lysine­
Sepharose column to remove contaminating plasminogen 
according to Matsuda et al. (6). The purified fibrinogen 
was recovered and diluted to 10 g/1 in 0.03 M sodium 
phosphate buffer, final pH 7.8, and stored until use at 
-70°C. 

Plasminogen (11) was obtained either from Dr Per Wal­
len, University of Umeå, or from Kabi AB, Stockholm. 
The first preparation was dissolved in 0.03 M sodium 
phosphate buffer, pH 7 .8 and sto red al a concentralion of 
2 g/1 in aliquots of 0.1 ml at -70°C. The latter plasminogen 
was kept dry and immediately before use dissolved in 
distilled water to the same concentration. 

Thrombin of bovine origin was either prepared at the 
Department of Chemistry, Karolinska Institutet in plin-
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Table I. Patie111 material. Lesions were /ocated on 
calves or thighs 

Diagnos is 

Leukocytoclastic 
vasculitis 

d 
Q 

Erysipelas 
& 

'? 

Necrotizing fasciitis 
d 
'? 

No. Age 

2 50. 63 
6 22. 50. 54. 65, 68, 72 

3 23. 53. 64
72

0 
4 50. 81. 84. 86 

ciple according to Magnusson (5) or else was purchased 
from Roche AG (Thrombin Roche). The thrombin was 
dissolved in 0.15 M saline to 100 NIH units/ml and stored 
in 0.2 ml portions at - 70°C until use when it was further 
diluted with saline to 20 NIH units/ml. Urokinase (Leo 
laboratories, Copenhagen) was used as plasminogen ac­
tivator. A dilution series was prepared to give a final 
concentration of 0.1 to 2 units/ml buffer which consisted 
of 0.03 M sodium phosphate, pH 7 .8 in 0.15 M saline. 
Gelatin, 2.5 mg/ml, was added to the buffer for 
stabilization purposes. 

Studies 011 plasmirrogen actil'ator irr tis.me specimens 

Punch biopsies were obtained from the skin of the ex ten­
sor aspect of the forearm and the thigh in controls and 
from the same areas of non-involved skin in the patients. 
Biopsy samples were also collected from fresh lesions on 
the dorsal side of the calves in �ome patients. The tissue 
samples were immediately frozen in cold isopentane 
(-80'C) and kept in a deep freezer (-90°C) until sectioned 
at 10 µ,m on a cryostat. Six to ten sections were then 
placed on a microscope slide without thawing. The slides 
were kept in a deep freezer until funher processed. 

To analyse the skin sections for plasminogen activator a 
modification of the Todd-Pandolfi method ( 10. 8) was 
used. To 1.0 ml of human fibrinogen 0.05 ml of plas­
minogen was added. After mixing, an aliquot of 0.06 ml 
was placed together with 0.01 ml of thrombin on top of the 
sections on the slide. The solutions were quickly mixed 
and spread evenly over an area of about 25 mmX40 mm to 
cover the tissue specimens. The slides were preincubated 
at room temperature in moist chambers (Petri dishes) for 
30 min in order lo stabilize the fibrin film obtained. Sub­
sequently, the chambers were placed in an incubator at 
37°C and the slides were withdr.iwn at various time points 
from O to 30 min. The fibrin-covered sections were fixed in 
4 % formalin to interrupt the fibiinolytic reaction and sub­
sequently stained in hematoxylin-osin. They were read 
in a microscope at low power (30--IOOX) 

The grading offibrinolysis was performed separately for 
subpapillary and reticular derrnis. It was made in six in­
creasing steps forn O in the following way (Fig. I and Table 
Il). 
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Grade 0: no lysis zoncs 
Grade I: partial lysis of the fibrin film is prcsentjust above 

a vessel. The area of the section affected is about 1 % or 
less. 

Grade 2: one or �everal small but complete holes in the 
film arc pre�ent above dermal vessels. The average area 
of the holes is betwcen 1-3 % of the total section area 

Grade 3: the holes are both larger and smaller but are not 
connuent: their area comprises about 5 %. 

Grade 4: consists of confluent holes in subpapillary or/and 
reticular dermis. The lysis zones account for about 10--
15 % of thc film covering the section. 

Grade 5: !arge connuent holes whose area is more than 
25-30% of the total section area. 

Studies on plasminogen actii·ator (urokinase) 
011flhri11 plates 

The fibrin plates were prepared essentially according to 
Noren et al. (7). I g of agarose was dissolved in 100 ml of 
0.01 M sodium phosphate buffer. pH 7.8. in 0.15 M NaCI 
solution in a boiling water bath and then allowed to cool 
down to about 40°C. Fibrinogen was diluted with the 
agarose solution to a final concentration of I g/1 in a 
prewarmed glass tube (20 ml). 0.2 ml plasminogen solution 
was added per 10 ml of agarose fibrinogen solution fol­
lowed by the addition of 0.1 ml thrombin (150 NIH units/ 
ml) and the rnixture was quickly poured into a Petri dish, 
mixed and placed on a levelling table 10 case the fibrin 
plate:,. After cooling at room temperaturc for 5 to 10 min. 
the plates were sto red at 4°C, the lid of the Petri dish being 
made wa1ert1gh1 with tape 10 avoid moistening. 

Six 3 mm holes were drilled into plates and filled with 7 
µI of the five different urokinase solutions or with saline­
phosphate buffer. The plates were incubated at 37°C up to 
24 h. The ly�is zones were photographed at 6. 9. 12. 18. 21 
and 24 h and the area of lysis calculated after 
measurcment of the diameters of the zones from the pic­
tures obtained. 

C alculation of fibri110/ytic· activity 

The fibrinolytic activity in the skin sections was cal­
culated from anal ysis of I inear regression of the grades of 
lysis present at various timc points and given as the rate 
expressed by the slope (h) of the linear estimate obtained. 
according to lhe formula 

h =� S lg (1+30): (� (lg (I+ 30)2-lg 15 � lg (I+ 30)], 

where S is the grade according to Fig. I and I the time of 
incubation at 37°C at which the grade was evaluated. The 
derivation of the expression above was obtained after the 
following considerations. 

Fibrinolysi, measured in our �ystem i:. the result of en­
zymic degradation of the fibrin film by plasmin formed 
from the plasminogen added to the plate or slide by the ac­
tion of the activator urokinase or of the tissue plasminogen 
activator. Suppose that the activity of the plasminogen ac­
tivator is i. lf the activity of plasmin isj, then the fibrinoly­
sis obtained during time I isj • 1. When further production 
of new plasmin molecules by the action of the plasm­
inogen activator occurs. the fibrinolysis should increase 



proportional to (j • t)'. It can be assumed that during an 
initial per iod of the reaction the area of the lys is zone 

A, =qU·t)', 

where q is a proportionality fractor and the area al time I 
is A, and I is the time from the start of the reaction. 

Ifthe logarithm is taken of the members ofthe above ex­
pression, i can be expressed as a linear function of the 
logarithm of time. Tf Fis the degree offibrinolysis and Fis 
continuous throughout t. the following expression should 
satisfy our theory 

F=lg(A,)=lgq + i lgj • 1. 

The grading system used in Fig. I is a discontinuous 
variable of fibrinolysis in order to estimate F. We assume 
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Fig. I. Fibrinolysis in a specimen 
from a healthy subject af ter in­
cubation at 37°C from O to 30 min. 
(a) Jncipient lysis without formation
of a complete hole in fibrin film
overlying the section. The grades in 
subpapillary and reticular dermis
are 1 and 1. rcspectively (I. I). (h) 

Small lysis zones, grades 2, 3. (c) 

Partially confluent zones in reticular
dermis. grades 2, 4. (d) Extensive
lysis, grades 5, 5. 

that the grades S over the lime interval t are a valid esti­
mate of F based on an analysis of the regression of S 
versus t. 

In the expression 

S=a+blg(t+30). (I) 

where a and b are coefficients of linear regression and t
period of incubation at 37°C, as a concequence of sym­
metry the slope b should be a measure of the plasminogen 
activator activity (i). 

it was observed, however, that in some cases fibrino­
lysis was high in most ofthe sections studied. even at zero 
time of incubation al 37°C. Since this would give falsely 
low values of the slope of the regression, b, this drawback 
was circumvented by the designation of a fixed starting 
point set at S=O and t= -15 min. 
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Fig. 2. The effect of urokinase on fibrinolysis in a plas­
minogen- and fibrin-containing agar plate. The lysis area 
was recorded at intervals from 6 to 24 h of incubation with 
2 units/ml urokinase added to drilled holes in the plate. 
The plot satisfied the equation log(area)=a+b lg(r+JO) 
with a coefficient of correlation of 0.99. 

Then 

b 

1.2 

11 

/ 

08 
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Enzym,c activ,ty , log scale 
2.0 

Fig. J. Relationship between urokinase expressed 
as the slope b of the fibrinolysis according to eq. (2) 

obtained afLer incubation on fibrin agar plaLes and differ­
ent concentrations of the enzyme in units/ml added to 
these plates in ten differenL experiments. Means and the 
standard deviations of Lhe slopes are given. The coeffi­
cient of correlation was 0.996 between the logarithm of the 
urokinase activity added and the value of the slope b

calculated. 

S=b (lg(t+30)-lg 15) 
During most of the initial experiments, only 

<2) minute fibrinolysis was present in the specimens 

The slope b was obtained from the experimental data by 
the calculaLion of leasL squares according LO Lhe partial 
derivation of eq. (2) 

Il 2 (5-b (lg(r+30)-lg 15))2 

0.
6b 

which resolved in the expression of b given above. 

RESULTS 

Analysis of the method 

The fibrin agar plates were used to study th"e effect 
of the plasminogen activator urokinase. A linear 
relationship similar to eq. (I) between the logarithm 
of area of the zone of lysis and duration of in­
cubation was obtained for various concentrations of 
urokinase investigated in 10 different experiments 
as illustrated by Fig. 2. 

Slopes b for the different urokinase concentra­
tions were calculated according to eq. (2), in which 
the logarithm of the area of lysis replaced the 
grade, S. A linear relationship between the loga­
rithm of urokinase activity and the calculated slopes 
(b) was present as shown in Fig. 3. The coefficien1
of correlation in this part was 0.996.
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obtained from controls after a preincubation period 
of 30 min at room temperature. This preincubation 
period was kept, although later on we found in some 
control specimens grades up Lo 3 or 4 after this 
period. 

The 37°C incubation was done at 0. 5. 10. 13. 15. 
20, 25, and 30 min in preliminary experiments. 
When the experimental data in the control subjects 
were fitted according to eq. (I), correlation coef­
ficients between grade of fibrinolysis and duration 
of incubation given as means were 0.84 for the 
values obtained from the arm and 0.56 for the thigh. 
The lower value of the correlation coefficient ob­
tained from thigh skin data was ascribed to 2 con­
trols with low activator activity combined with a 
wider scatter in grades. The error calculated after 
an analysis �f covariance for the values of the 
plasminogen activator activity given as the slope b
was 9 % for the arm and 15 % for the thigh when the 
standard deviation of the common slope is ex­
pressed as a percentage of the mean value of the 
slope. The larger variation of the thigh skin data 
was not due to variation between sexes. 

It was found that grading combinations for the 
two dermal parts could be lumped together accord-



Table Il. DeRree of fibrinolysis recorded separately 
for .111bpapillary and reticular dermfa given a.1 pair 
of gradesfrom Oro 5 according to Fig. I 

A condensed grading system is summarized for the out­
comc of the grading in each section. A dash indicates that 
the part of the ,ection is not valid or missing 

Condensed 
grading 

Grade 0 
Grade I 
Grade 2 
Grade 3 

Grade 4 
Grade 5 

Individual grades in 
�ubpapillary, reticular dcrmi:, 

-.0 0.- 0.0 
-,1 -.2 0,1 0,2 1.0 1.1 
0,3 1.2 2.- 2.1 2,2 

-.3 0.4 1.4 2,3 2.4 
4.1 4.2 1.3 

-.4 1.5 2.5 3,4 .u 4.4 

3.5 4.5 5.3 5.4 5.5 -.5 

2,0 

3.1 3.2 3.3 

5.0 5.1 5.2
5,-

ing to Table Il without affecting the accuracy. This 

was possiblc since individual plots of grades versus 

time for subpapillary and dermal dermis gave paral­

lel regression lines. indicating proportionality be­

tween grades in the two dermal parts. Correlation 

between the two gradings was significant, coef­

ficient of correlation being 0.97 (Fig. 4). The grad­

ing according to Table Il gave straight lines against 
lg (1 + 30) with coefficients of correlation of 0.995 for 

the values obtained from the arm specimens and of 
0.983 for thosc of the thighs of the control presented 
in Fig. 4. 

The preliminary control material was also used to 

evaluate whether short cuts could be made without 

loss of accuracy in thc measurement of the plas­

minogen activator activity. This activity in the thigh 
given as the slope b in eq. (I) or (2) was therefore 

calculated from the original control material from 
which the grade separately obtained for subpapil­

lary and reticular dermis was averaged. These val­

ues of the slope were then compared with those 
obtained by the condensed grading system given in 

Table Il where the regressions calculated were also 

limited to only three lime intervals-0, 15. 30 min. 

The slope� according to eqs. (I) and (2) were 

correlated for the original and the abbreviated 

material. The correlation between the slopes cal­

culated according to eq. (I) for the calculations on 

the original and abbreviated material showed a 
coefficient of correlation of 0.97 and, according to 

eq. (2). 0.96. The coefficient of correlation cal­

culated for the values obtained in the abbreviated 
way of calculating the slopes of eqs. (I) and (2) was 

0.83. 

Then the plasminogen activator activity was cal-
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Fil(. 4. Fibrinolysis obtained by grading lysis ,ones. The 
broken line is obtained by 1aking lhe average lysis in 
�ubpapillary and reticular dermis in each section for each 
period of incubation. The continuous line is obtained by 
the condensed grading ,ystem of Table Il for the same 
sections. Both curvcs fil the general expression S=a + 
b lg (, + 30), whcrc a and b are coefficicnts of lincar regres­
\lOn and , the duration of incubation at 37°C. S is the 
grade. Standard errors are indicated together with the 
means for 9 controls in material obtaincd from the fore­
arm of healthy subjects. 

culated in the abbreviated way u�ing thc condensed 
grading of Table Il in the 22 control specimens. The 
error obtained was l6<7c when expressed as a coef­

ficient of variation. 

Res11/1s in healthy controls and 

i11 patients 

The results obtained from the measurements of 

plasminogen activator activity in healthy controls 

and in the two patient group� with inflammatory 

skin disease are summarized in Table III. The short­

ened form with incubation times 0. 15 and 30 min 

was used throughout. 

In the controls the mean activities in the arm and 

the thigh were 6.3 and 4.9, respectively. There was 

a signiticant difference in the fibrinolytic activity in 
the unalfected thigh between the two sexes­
females have about 40% lower activity than males 

(p<0.02). 

In the patients with vasculitis the non-involved 
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Table 111. Plasminogen acrivator activity in skin taken from the furearm and the thigh in healthy subjectl 
and in patients ll'ith skin diseases 

The activity is given as the rate expre�sed by the slope oflinear rcgression ofgraded lysis zones with logarithm of timc. 
Number of specimens, rates and their standard errors are given. The activities did not differ between patients with 
erysipelas and necrotizing fasciitis. which is thc reason for summarizing them 

Erysipela, and necrotizing fasciitis 
Leukocytokla�tic vasculitis 

Controls 

Am1 Thigh Arm Thigh 

Females 
No. 4 4 6 6 
Mean 6.04 3.48 4.83 3.60 
S.E.M. 0.82 0.37 0.65 0.62 

Males 
No. 7 7 2 2 

Mean 6.47 5.68 5.10 5.63 
S.E.M. 0.42 0.55 1.87 0.54 

Difference 
between sexes p<0.02 

Sum 
No. Il Il 8 8 
Mean 6.31 4.88 4.90 4.11 
S.E.M. 0.38 0.49 0.60 0.58 

skin did not differ signiticantly from controls. In the 

lesiorn, on the calves 2 patients with vasculitis had a 

mean activity of 2.7 and 8 patients with erysipelas 

or necrotizing fasciitis had a mean activity of 1.1. 

In 3 cases of infection. low activity was present in 
the normal skin far out,ide the lesion. They had an 
activity of 0.1-0.9 in the lcsion on the calves. The 

activities for the thigh were 0.5, I 8 and 2.7 and for 
the arm 0.8. 3.5 and 7.9. In the skin near to the 

lesion the activities were 1.8. 5.2 and 2.6. respec-

1ively. 

DISCUSSION 

To obtain a forma! resemblance to that of tissue 

fibrinolysis, urokinase. a proteolytic enzyme which 

activates the plasminogen in the fibrin plate. was 

used according to oren et al. (7). The experimen­

tal evidence prcsented in Figs. 2-4 shows that our 
assumptions concerning the proposed exponential 

expan�ion of the enzyme reactions are relevant. 
Furthermore. it is not unusual that proenzymes arc 

substrates in an initial enzyme reaction. as found 
for im,tance in the cascade of coagulation and in the 

activa1ion of kinase kinase and protein kinase ac­

tivitie�. 
The parameter used for the expression of the 

plasminogen activator activity is the slope of the 

ear 
Les1on Lesion lesion 
(calves) Arm Thigh (leg) (leg) 

2 5 5 5 5 

2.71 6.49 J.97 1.17 3. 10
0.47 0.87 1.08 0.55 0.70

3 2 3 3 
4.97 4.27 1.03 4.44 
'.!.12 2.50 0.19 1.09 

2 8 7 8 8 
2.71 5.92 4.05 1.12 3.61 
0.47 0.91 0.93 0.34 0.67 

regre%ion of the progre'ised fibrinolysis by time. It 

wa� also found that the value obtained for the slope 

is proportional to the logarithm of proteol ytic activi­

ty of this activator. This indicates a wide range of 

tissue activity. �ince values can vary from the ex­
ponential power of ncar-zero. ur to or cxceeding 
thc cxponential power of 10. a<, found in diseased 

and healthy skin, respectively. 

Our preliminary investigation showed in a 

semiquantitative manner the dermal distribution of 

the enzyme \ystem operating in vivo. The pro­
teolytic enzyme(s) released from the venous en­

dothelium <luring the process of fibrinolysis were 

mostly proportional in �ubpapillary and reticular 

dermis. which enabled us to lump together the 

grade� of lysi�. as shown in Table Il. Il seems that 
the higher recorded activities in the reticular dermis 

arc due to the larger vessels present in this area. It 

might thereforc be true to suggest that data obtained 

from biopsies of the skin as presented here should 

correlate with those obtained in the larger veins. as 
described by Pandolfi et al. (8). provided that re­
gional variations are corrected for. 

The abbreviated way of grading as shown in Ta­

ble Il and the abridged form of recording grades at 
only three points during incubation make the 
method less cumbersome without unduly reducing 



the accuracy of the activator activity so obtained. 

Our method is more reliable than earlier point es­

timates published in the literature (2), since the 
enzymic reaction was studied over a period of time. 

However, it is still a semiquantitative measure of an 

activity released from the vein wall, which we hope 

will be characterized and analysed in the future in a 

more specific way. 

The findings in the patients with vasculitis con­

firm the results of earlier studies (2). These patients 

were included as a disease control for the group 

with bacterial infections. In some of the !alter 

patients the fibrinolytic activity was very low even 

in the nonnal skin. This has been observed in 

patients with vasculitis, as discussed by Cunliffe 

(2). The reason for the finding is obscure. However. 
it will be the purpose of further studies to monitor a 
group of these patients in order to evaluate what 

position fibrinolysis lakes in patients with recurrent 

infec tio ns. 
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