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1. A method for the determination of the plasminogen 
activator activity in a biological fluid containing 
alpha-2-antiplasmin, which comprises addition of 
proteolytically degraded plasminogen to this fluid, 
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of a chromogenic substrate specific for plasmin.
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Dr. Ha/Sd

A method for the determination of the plasminogen 

activator activity in samples containing alpha-2­

5 antiplasmin

The invention relates to a method for the determination 

of the activity of plasminogen activators in plasma or 

other biological fluids.

10 The key enzymes in the physiological fibrinolysis in

mammalian blood are the two plasminogen activators a) 

tissue plasminogen activator (t-PA) and b) urinary- 

plasminogen activator (u-PA). Plasminogen activators 

convert the inactive zymogen plasminogen into the

15 protease plasmin. Plasmin degrades insoluble fibrin into 

soluble fibrin split products.

The activity of these PAs in human blood is of great 

diagnostic relevance for measuring the fibrinolytic 

potential of a patient. The fibrinolytic potential

20 provides information on, inter alia, possible thrombo- 

embolisms which are to be expected. However, PAs occur 

only in small amounts (ng/ml) in plasma. This makes great 

demands on the sensitivity and specificity of the 

detection method.

25 The functional determination of PAs according to the state of the
art entails their natural substrate, plasminogen , and a 

chromogenic plasmin substrate being added to the sample. 

In this case, the measured plasmin activity represents PA 

activity which is enhanced in direct proportion.

30 However, the plasmin which is produced is immediately 

inhibited, almost quantitatively, by alpha-2-antiplasmin 

which is likewise contained in the sample, so that only 

low plasmin activity can be measured.
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The accuracy of functional PA determination thus depends 
on eliminating this antiplasmin effect. The methods for 
the functional determination of PAs described in the 
state of the art therefore either provide for additional

5 plasma separation steps such as euglobulin precipitation 
or require acidification and subsequent neutralization of 
a highly diluted sample. Both methods are relatively
time-consuming and methodologically demanding.

Hence the object of the present invention was to provide
10 a method with which the activity of PA in plasma, serum

or other biological fluids can be determined rapidly and 
reliably. This object is achieved according to the 
invention by treating the plasminogen which is necessary 
for the determination of the PAs with a protease, prefer-

15 ably elastase, or with a serine protease, preferably
plasmin or trypsin, particularly preferably elastase at 
pH 7 - pH 8, or plasmin or trypsin at pH 10 - 13, until 
a molecule is produced which, after conversion into plas­
min, is no longer inhibited by alpha-2-antiplasmin .. An

20 assay suitable for monitoring this reaction is, for
example, "Berichrom® alpha-2-antiplasmin" from 
Behringwerke AG, Marburg, FRG.
The exposure to these proteases can be carried out in 
such a way that they are present in immobilized form (for

25 example coupled to RSepharose) and thus do not interfere
in the activity assay which is to be carried out 
subsequently.

It has emerged, surprisingly, that in a method for the 
determination of PA the addition of plasminogen treated

30 in this way allows the activity of PA to be determined
without interference from alpha-2-antiplasmin.

The invention relates to a method for the determination 
of the plasminogen activator activity in a biological 
fluid containing alpha-2-antiplasmin, which comprises

35 addition of proteolytically degraded plasminogen to this 
fluid, and determination of the resulting plasmin by
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means of a chromogenic substrate specific for plasmin. 
The invention is furthermore defined in the claims and 
explained in the examples which follow, without restrict­
ing the inventive concept.

5 Example 1

Pretreatment of plasminogen with elastase-RSepharose and 
use in the detection of plasma PA activity.

3 x 80 CTA-U (Committee of Thrombolytic Agents Units) of 
plasminogen (Behringwerke assay plasminogen, Marburg,

10 FRG) were dissolved in 7 ml of 50 mM tris/HCl, pH 8.4, 
and a) adjusted to pH 8.0, b) adjusted to pH 12.0 and c) 
left unchanged. One a) and one b) solution were passed at 
a flow rate of 30 ml/h through 1 ml of elastase-RSepharose 
(2.5 mg of protein/ml of gel bed, coupled by the method

15 of Axen et al., Nature 214, 1302-1304, 1967). The flow­
throughs were adjusted to pH 8.4 (solutions a) to c)), 
made up to 8 ml with 50 mM tris, pH 8.4, and used in a PA 
assay as follows:

50 μΐ of human citrated plasma which contained various
20 amounts of alpha-2-antiplasmin, prepared by mixing normal 

plasma with plasma deficient in alpha-2-antiplasmin 
(prepared by immunoadsorption), were incubated with 
200 μΐ of the above plasminogen samples and 200 μΐ of 
5 IU/ml u-PA in 100 mM tris, 100 mM NaCl, 1 % polygeline,

25 0.1 % Triton X 100 at 37 °C for 5 min. 500 μΐ of 0.6 mM
chromogenic plasmin substrate HD-norvalyl-cyclohexyl- 
alanyl-lysyl-para-nitroanilide in 480 mM NaCl were then 
added, the substrate conversion was stopped after 5 min 
at 37°C by addition of 100 μΐ of 8.5 M acetic acid, and

30 the resulting extinction at 405 nm was determined. The 
same assay mixture with addition of only tris buffer 
without u-PA content was used for blank correction.
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Table 1
Addition of

Content of plasminogen degraded untreated

alpha-2- with elastase- plasminogen

5 antiplasmin RSepharose
pH 8 pH 12

(control)

% Αι05πη/5 min (E x 1000)*

100 910 ± 4 648 + 5 107 + 0
75 962 ± 1 676 + 5 198 + 17
50 1037 + 3 771 + 3 280 + 1
25 1152 ± 2 860 + 5 496 + 1

0 1309 ± 3 1061 + 4 749 + 1

* Means of duplicate determinations

It is evident that when plasminogen which has not been 
pretreated is used the extinction (PA activity measure­
ment) greatly depends on the alpha-2-antiplasmin content

20 of the sample. This dependence is reduced by proteolytic
pretreatment of plasminogen with elastase, preferably at 
pH 8.

When plasminogen which had been degraded at pH 12 was 
added, the extinction was 860 ± 5 at an antiplasmin

25 content of 25% and 648 ± 5 at an antiplasmin content of
100 %, that is to say only 25 % less.
The corresponding extinctions for the control are 496 + 1 
and 107. This is a decrease of almost 80 %.

Example 2

30 Pretreatment of plasminogen with plasmin-RSepharose and
use in the detection of plasma PA activity

Plasminogen was dissolved as in Example 1, then a) and b) 
preparations were passed through 1 ml of plasmin- 
Sepharose (2.5 mg of plasmin/ml of gel), and



5

flow-throughs and c) solution were made up to 8 ml (pH 
8.4) and investigated in the PA assay as in Example 1.

Table 2

Plasma content 
5 of alpha-2-

antiplasmin

Addition of plasminogen 
degraded with plasmin- 
RSepharose
pH 8 pH 12

% -^,05^,/5 min (E x 1000)*

100 114 + 2 554 + 9
75 113 + 1 591 + 1
50 168 + 3 644 + 2
25 346 + 4 749 + 3

0 603 + 0 937 + 5

* Means of duplicate determinations

See Table 1 for control, because test mixture the same.

It is again evident that the dependence of the PA 
activity measurement on the antiplasmin concentration is 
greatly reduced by comparison with the control (Tab. 1) 
especially on pretreatment of plasminogen at pH 12 with 
plasmin.

20
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HOE 88/B 046THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: '
1. A method for the determination of the plasminogen 

activator activity in a biological fluid containing 

alpha-2-antiplasmin, which comprises addition of 

proteolytically degraded plasminogen to this fluid, 

and determination of the resulting plasmin by means 

of a chromogenic substrate specific for plasmin.

2. The method as claimed in claim 1, wherein the 

plasminogen is degraded using elastase, plasmin or 

trypsin.

3. The method as claimed in claim 1, wherein the 

plasminogen is degraded using elastase.

4. The method as claimed in claim 3, wherein degrada­

tion is carried out at pH 7 - 8.

5. The method as claimed in claim 1, wherein the plas­

minogen is degraded using plasmin or trypsin.

6. The method as claimed in claim 5, wherein degrada­

tion is carried out at pH 10 - 13.

7. The method as claimed in claim 1, wherein the 

proteases are immobilized.

DATED this 21st day of December 1989. BEHRINGWERKE AKTIENGESELLSCHAFTWATERMARK PATENT & TRADEMARK ATTORNEYS "THE ATRIUM"290 BURWOOD ROAD HAWTHORN. VIC. 3122.


