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Abstract 
 

Active trypsin in blood could severely modulate hemostasis. In the present study citrated  blood or plasma of 
healthy donors was pre-incubated with trypsin. The plasma was recalcified and specific thrombin generation was 

measured. 1-10 ng/ml trypsin enhances intrinsic thrombin generation > 2fold. Trypsin might activate intrinsic 
coagulation factors or prothrombin (100 ng/ml trypsin generates within 60 min 15 mIU/ml thrombin from                  

100 µg/ml prothrombin), causing a pathologic disseminated intravascular coagulation. The recalcified coagulation 
activity assay (RECA) allows to investigate the action of trypsin on intrinsic thrombin generation. The RECA is a 

very sensitive method to detect prothrombotic changes of blood. 
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Introduction 
 

Trypsin is an aggressive serine protease that may alter the hemostasis system in human blood [1-5]. 
Enhanced generation of intravascular thrombin threatens the life of the patient. In the present medical laboratory 

work the action of purified trypsin on intrinsic thrombin generation in blood or plasma was investigated with a 

new specific and sensitive thrombin generation assay: in a first near-physiologic assay phase plasma is recalcified 
and the generated thrombin is quantified in a second assay phase [6]. 

 
Material and Methods 

 
Thrombin generation in blood or plasma pre-incubated with trypsin 

 
a) Pre-analytic:  

 
2 x 4.5 ml venous blood of n=4 healthy donors who gave informed consent were mixed with  2 x 0.5 ml 106 mM 

sodium-citrate. 500 µl citrated whole blood, 250 µl citrated plasma (obtained by centrifugation of blood at 2800g 
(4000 rpm) for 10 min at 23°C) or 250 µl  6.7 % human albumin (Kabi, Stockholm, Sweden) were pipetted into  

1 ml Eppendorf®-polypropylene-cups, using an Eppendorf-Multipette® with 0.9 % NaCl–rinsed and completely 
emptied new disposable tips. Unrinsed tips may release some plastic material that behaves as a coagulation 

inhibitor. The Eppendorf-cups had been prefilled with 25 µl 0.5 % human albumin, 0.9 % NaCl containing             
0-11 µg/ml porcine pancreatic trypsin type II (Sigma, Deisenhofen, Germany; Article Nr. T 7168;  final sample 

conc. = 0-1 µg/ml for supplemented plasma or albumin or about 0-873 ng/ml for supplemented blood of a mean 
hematocrit value of 0.42) or 220 ng/ml lipopolysaccharide (LPS; from Escherichia coli 055:B5 chromatographically 

purified by gel filtration, protein content < 1 %; Sigma; Article Nr. L 2637, 5 mg/ml stabilized by 5 % human 

albumin), resulting in a final supplemented plasma LPS reactivity of about 17.5 ng/ml. LPS served as a positive 
control for intrinsic coagulation activation [6]. After 10 min at 23°C the whole blood - cups were centrifuged at 

11000 rpm for 5 min at 23°C, using an Eppendorf-centrifuge. 50 µl plasma samples (from preincubated blood or 
preincubated plasma), 6.7 % albumin, or  1 IU/ml bovine thrombin (DadeBehring, Marburg, Germany) in 6.7 % 

human albumin were pipetted into polystyrol flat bottom wells (Polysorp®, NUNC, Wiesbaden, Germany; article 
nr. 446140) at 23°C. 

 
b) Analytic:  

 
Phase 1: Thrombin generation 

5 µl 250 mM CaCl2 were added in duplicate to the 50 µl samples (pH 7.4), using a 0.9 % NaCl-rinsed new 
disposable polypropylene tip (Table 1). The wells were incubated for 0, 5, 10, or 20 min coagulation reaction time 

(CRT at 37°C). 0 min CRT = basal thrombin activity in citrated plasma (first addition of stop reagent then addition 
of Ca2+ - reagent). 

 
Phase 2: Thrombin detection 

100 µl 2.5 M arginine, pH 8.6, 0.16 % Triton X 100® (Sigma; stop reagent) were added, to stop hemostasis  
activation and to depolymerize generated fibrin. The basal absorbance was measured at 405 nm,                   
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using a microtiterplate reader with a 1 mA resolution (Milenia; DPC, Los Angeles, USA). 25 µl 1 mM chromogenic  

thrombin substrate HD-CHG-Ala-Arg-pNA (Pentapharm, Basel, Switzerland; substrate reagent) in 1.25 M arginine  
(final conc.: 0.14 mM chromogenic substrate and 1.56 M arginine) were added and ∆A/t was measured at 23°C.  

Of major importance are the thrombin generation values in the ascending part of the thrombin generation curve,  

i.e. at a CRT point where thrombin is still not significantly entrapped into the nascending fibrin.  
 

_______________________________________________________________________________ 
 

Table 1:   RECA scheme 
 
Phase 1: Physiologic thrombin generation  
50 µl citrated plasma into flat bottom-wells  

5 µl 250 mM CaCl2  (Ca2+ - reagent) 

------------------------------------------------------------------------------------------- 

 0 - 40 min coagulation reaction time (37°C) 
------------------------------------------------------------------------------------------- 

Phase 2: Specific detection of generated thrombin  
100 µl 2.5 M arginine, pH 8.6, 0.16 % Triton X 100® (Stop-reagent) 

------------------------------------------------------------------------------------------- 
3 min (37°C or 23°C) 

------------------------------------------------------------------------------------------- 
25 µl 1 mM CHG-Ala-Arg-pNA, 1.25 M arginine, pH 8.7 (Substrate-reagent) 

∆A/t at 405 nm 

 
Calibrator = 50 µl 1 IU/ml bovine thrombin instead of plasma (� about 16 mA/min at 23°C);                                

max. ∆A = 900 mA, linear ∆A range = up to 40 % of 900 mA = 360 mA 
____________________________________________________________________________________________ 

 

 
 

Kinetic of thrombin generation by action of trypsin on plasma vs. on purified prothrombin 
 

a) Plasmatic thrombin generation by trypsin  
2 µl 0, 26, 260, 2600 ng/ml trypsin (0, 1, 10, 100 ng/ml final) in 0.5 % human albumin/0.9 % NaCl were placed 

in duplicate into F-wells at 23°C. 50 µl unfrozen citrated plasma of n=3 healthy donors, who gave informed 
consent, or 1 IU/ml bovine thrombin standard in 6.7 % human albumin were added. Immediately thereafter, 5 µl 

Ca2+ - reagent were added. After 0-60 min CRT 100 µl stop-reagent were added. After 3 min (23°C), 25 µl 
substrate – reagent were added and the linear ∆A/t was determined at 23°C. 

 
b) Activation of  purified human prothrombin by trypsin 

2 µl 0, 26, 260, 2600 ng/ml trypsin (0, 1, 10, 100 ng/ml final) in 0.5 % human albumin/NaCl were placed in 
duplicate into F-wells at 23°C. 50 µl 100 µg/ml purified human prothrombin (EnzymeResearch-Haemochrom, 

Essen, Germany) in 6 % human albumin, or 1 IU/ml bovine thrombin in 6 % human albumin were added, and 
immediately thereafter, 5 µl Ca2+- reagent were added. After 0-60 min CRT 100 µl stop-reagent were added.  

After 3 min (23°C), 25 µl  substrate-reagent were added and the linear ∆A/t was determined, prolonging the 
incubation time up to 18 h (23°C). 

 

A control experiment consisted in incubation of plasminogen with trypsin, kallikrein, or plasminogen activators:           
5 µl 0 or 100 µg/ml  human plasma kallikrein (Haemochrom, Essen, Germany),   10, 100, or 1000 ng/ml  trypsin, 

10 ng (1 IU)/ml urokinase (medac, Hamburg, Germany), or 12.6 ng/ml tissue type plasminogen activator (t-PA; 
Boehringer Ingelheim, Germany), all in 6.7 % human albumin were incubated with 45 µl 0 or 111.1 µg/ml human 

Glu-plasminogen (Chromogenix, Mölndal, Sweden) in  6.7 % human albumin in presence and absence of 5 µl 
Ca2+ - reagent for 0-120 min (37°C) in U-wells. Then 100 µl stop-reagent and 25 µl 1.3 mM chromogenic plasmin 

substrate HD-Val-Leu-Lys-pNA (Chromogenix) in 1.2 M KCl, 1.6 M arginine, pH 8.7 were added and ∆A/t was 
determined at 405 nm. The results were standardized against 100 µl 2.5 M arginine, 0.16 % Triton X 100, pH 8.6, 

+ 45 µl 6.7 % human albumin + 5 µl 0.5 U/ml human plasmatic plasmin + 25 µl plasmin substrate in presence 
and absence of  calcium ions, i.e. against about 50 mU/ml plasmin final activity in the fibrinolysis reaction time.  

 
Differential blood count after trypsin incubation 

To exclude major changes on the differential blood count, 1 ml citrated whole blood of 3 healthy donors was 
incubated with 50 µl 0-110 µg/ml porcine pancreatic trypsin for 30 min at 23°C. Then the blood cells were 

automatically counted by a XE2100 (Sysmex, Hamburg, Germany). 
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Statistics 

The intra-assay coefficients of variation (CV), as defined as standard deviation divided by mean value and 
multiplied by 100 %, of the thrombin generation values measured were < 5 %. The data points were compared 

to the respective controls and tested for significance (p< 0.05) by the two-fold Yates-corrected chi-square 

comparison against the control-mean (X2
0 Test) [7]. 

 

 
 

Results 
 

Preincubation of whole blood with about 100 ng/ml plasmatic trypsin increases the 10 min CRT thrombin 
generation (in the important ascending part of the thrombin generation curve) from about 7 mIU/ml generated 

thrombin to about 12 mIU/ml generated thrombin, the basal thrombin activity (no CRT) was about 5 mIU/ml    
(Fig. 1a).  

 
Fig. 1b demonstrates the LPS – control, i.e. the thrombin generating capacity of citrated whole blood that had 

been preincubated for 10 min (23°C) with a plasma concentration of about 20 ng/ml LPS. This is about 20fold the 
normal LPS reactivity in our blood and represents a typical LPS reactivity of intensive-care patients with gram-

negative sepsis. Here, intrinsic thrombin generation at 10 min CRT is about 30 mIU/ml in presence of about              
20 ng/ml LPS as compared to only about 10 mIU/ml without addition of  LPS. The thrombin generating capacity 

of about 20 ng/ml LPS in whole blood is comparable to that of about 1000 ng/ml trypsin in whole blood or                 
1 ng/ml trypsin in plasma (Fig. 2). In trypsin-supplemented plasma, 1-10 ng/ml trypsin results into maximal 

thrombin activity (about 50 mIU/ml at 10 min CRT (compared to about 10 mIU/ml at 0 min CRT), higher trypsin 

concentrations result into decreasing specific amidolytic thrombin activity. 
 

Healthy donor plasma, pre-reacted for 10 min with 1000 ng/ml trypsin, showed a thrombin activity of 15 mIU/ml 
at 0 min CRT, i.e. 5 mIU/ml basal activity of thrombin plus 10 mIU/ml thrombin-like activity caused by trypsin; 

1000 ng/ml trypsin in 6.7 % human albumin had a thrombin like activity of 25 mIU/ml, i.e. about 60 % of the 
amidolytic activity of added trypsin was inactivated by plasmatic trypsin inhibitors. 10 µg/ml trypsin in 6.7 % 

albumin cleaved the chromogenic substrate HD-CHG-Ala-Arg-pNA comparable to about 0.2 IU/ml thrombin in 
albumin (= about 0.1 µg/ml thrombin; 1 mg IIa = 2525 IU), i.e. in the RECA-test conditions the chromogenic 

substrate is an about 100fold better substrate for thrombin than for trypsin. 
 

Fig. 1a
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Fig. 1b
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Fig. 1: Thrombin generation in citrated whole blood preincubated with trypsin or LPS 

500 µl citrated whole blood of n=4 healthy donors were preincubated for 10 min at 23°C at final trypsin 
concentrations of 0 ng/ml (O), 0.87 ng/ml (∆), 8.7 ng/ml  (●), 87 ng/ml (▲), and  873 ng/ml (♦) (Fig. 1a) and 

final LPS concentrations of 0 ng/ml (O) or 17.5 ng/ml (●) (Fig. 1b). 50 µl preincubated plasma samples were 
pipetted into F-wells. 5 µl 250 mM CaCl2 were added. After  0, 5, 10, or 20 min coagulation reaction time (CRT at 

37°C), 100 µl 2.5 M arginine, pH 8.6, 0.16 % Triton X 100® and then 25 µl 1 mM HD-CHG-Ala-Arg-pNA in              
1.25 M arginine were added and ∆A/t was measured at 23°C. Shown are the obtained mean values. 

 
 

Fig. 2
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Fig. 2: Thrombin generation in citrated plasma preincubated with trypsin 
250 µl citrated plasma of the above n=4 healthy donors were preincubated for 10 min at 23°C at final plasmatic 
trypsin concentrations of 0 ng/ml (O), 1 ng/ml (∆), 10 ng/ml (●), 100 ng/ml (▲), and 1000 ng/ml (♦) in 

preincubated plasma. The preincubated plasma samples were analyzed as indicated in Fig. 1. 
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Fig. 3
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Fig. 3: Kinetic of thrombin generation in plasma by 0-100 ng/ml trypsin  

2 µl trypsin (final concentrations: 0 ng/ml (white symbols), 1 ng/ml (cross symbols), 10 ng/ml (grey symbols), 
100 ng/ml (black symbols) were placed in duplicate into F-wells at 23°C. 50 µl unfrozen citrated plasma of n=3 

healthy donors (donor 1 = circles or x, donor 2 = triangles or +, donor 3 = squares or *) were added, and 
immediately thereafter, 5 µl 250 mM CaCl2

 were added. After 0-60 min CRT 100 µl stop-reagent were added. 

After 3 min (23°C), 25 µl substrate-reagent were added and the linear ∆A/t was determined at 23°C.  

Fig. 4            
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Fig. 4: Kinetic of activation of  purified human prothrombin by 0-100 ng/ml trypsin 

2 µl trypsin (final concentrations: 0 ng/ml (circles), 1 ng/ml (triangles), 10 ng/ml (diamonds), 100 ng/ml 
(squares) were placed into F-wells. 50 µl 100 µg/ml purified human prothrombin in 6 % human albumin, or               

1 IU/ml bovine thrombin in 6 % human albumin were added, and immediately thereafter, 5 µl 250 mM CaCl2
 

(black symbols) or physiol. NaCl (white symbols) were added. After 0-60 min CRT 100 µl stop-reagent and 25 µl 

substrate-reagent were added and the linear ∆A/t was determined at 23°C.  
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Fig. 5       
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Fig. 5: No activation of purified human plasminogen by trypsin or kallikrein 

5 µl 0 (circles) or 100 µg/ml human plasma kallikrein (squares), or 1000 ng/ml trypsin (crosses), 10 ng/ml 
urokinase (triangles), or 12.6 ng/ml t-PA (diamonds), all in 6.7 % human albumin were incubated with 45 µl              

0 (white symbols or -) or 111.1 µg/ml human Glu-plasminogen in 6.7 % human albumin in presence (grey 
symbols or  +) or absence (black symbols or *) of 5 µl 250 mM CaCl2 for 0-120 min fibrinolysis reaction time (FRT 

at 37°C). Then 100 µl stop-reagent and 25 µl 1.3 mM HD-Val-Leu-Lys-pNA in 1.2 M KCl, 1.6 M arginine, pH 8.7 
were added and ∆A/t was determined at 405 nm. Not visible symbols are nearly identical to the x-axis. 

 
 

Figure 3 again demonstrates that 1-10 ng/ml trypsin added immediately before recalcification enhance thrombin 

generation about 2fold to about 0.65 IU/ml thrombin at 30 min CRT (ascending part of the thrombin generation 
curve). 100 ng/ml trypsin in 2 of 3 donor samples increase and in 1 of 3 donor samples decrease thrombin 

generation.  
 

Figure 4 shows that the unspecific serine protease trypsin can activate prothrombin directly: within 60 min (37°C) 
100 ng/ml trypsin generate about 15 mIU/ml thrombin from 100 µg/ml purified prothrombin (100 % physiological 

plasma concentration) in presence of free Ca++ ions. Absence of calcium ions results only into generation of about 
5 additional mIU/ml thrombin at 60 min CRT, when compared to 0 min CRT. The prothrombin preparation used 

contained about 2 mIU/ml basal thrombin. Trypsin does not inactivate thrombin under the experimental 
conditions used. Fig. 5 demonstrates that even 100 ng/ml final trypsin activity did not cleave the chromogenic 

plasmin substrate in the present technique at supra-molar concentrations of arginine, that acts as a competitive 
inhibitor for serine proteases.  

 
Up to final plasmatic trypsin concentrations of about 1 µg/ml trypsin no hemolysis appeared by 10 min (23°C) 

preincubation of citrated blood of healthy donors. Final plasmatic trypsin concentrations up to about 10 µg/ml do 
not change significantly the number of erythrocytes, neutrophils, lymphocytes, monocytes, eosinophils, or 

basophils. There appeared a slight decrease (< 10 %) in the number of thrombocytes when incubating whole 
blood at about 10 µg/ml plasmatic trypsin.  

 

Discussion 
 

Trypsin is an aggressive serine protease of broad specificity. Trypsin cleaves proteins at arginyl- or lysyl- 
residues. Depending on the exact protein localization of these arginyl- or lysyl- targets, trypsin can activate or 

inactivate hemostasis factors. Of particular importance seems to be the activation of pre-kallikrein to kallikrein 
and that of factor XII to factor XIIa, both trypsin-like enzymes in the contact phase of coagulation [8,9]:                

1-10 ng/ml trypsin   enhances intrinsic plasmatic thrombin generation > 2fold. Elevated blood concentrations of  
trypsin can be found in patients with pancreatitis [10] or inflammatory diseases [11] like adult respiratory distress 

syndrome (ARDS): in severe ARDS plasmatic trypsin is about 100-1000 ng/ml [12].  
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Trypsin can also inactivate the two main coagulation accelerators factor V and factor VIII [13-22]. This could 

account for some trypsin-activity dependent decrease in intrinsic thrombin generation. The presence of blood 
cells strongly decreases the contact pathway activating action of trypsin. This might be due to interaction of 

hydrophobic phospholipids of the cell membranes with hydrophobic parts of the trypsin molecule. Thus, in the 

microcirculation of the capillaries the erythrocytes might not protect the plasma against trypsin from alveolar 
macrophages or pancreas cells, which could result in enhanced intrinsic hemostasis activation. Additionly, free 

trypsin can enhance inflammation and might possess some hormone like actions on protease cleavable cell 
receptors [23,24]. 

 
In conclusion, trypsin in ng/ml quantities in circulating blood can result into an enhanced intrinsic phase triggered 

coagulation activation that may cause a pathologic disseminated intravascular coagulation.  Further clinical 
studies on intrinsic hemostasis activation in fresh citrated blood of patients suffering from pamcreatitis or ARDS 

are indicated.  
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