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Platelets play a key role in hemostasis as cofactors of thrombin generation, fibrin polymerization 
centers, and initiators of clot retraction, while their ability to modulate clot dissolution remains less under-
stood. The aim of this study was to investigate the interaction of plasminogen and tissue plasminogen activa-
tor with native and activated platelets, to determine the amount of plasmin generated by various activators in 
the presence of platelets, and the ability of platelets to modulate the rate of polymer fibrin hydrolysis. Spectro-
metric and immunofluorometric methods were used in the study. It was shown that intact circulating platelets 
carry a small amount of plasminogen on their surface, whereas thrombin-induced activation led to the expo-
sure of plasminogen-binding sites on their plasma membrane. Activated platelets stimulated plasminogen ac-
tivation by tissue plasminogen activator, urokinase, and streptokinase. Components of prothrombin complex 
enhanced plasminogen activation by tissue plasminogen activator on the surface of activated platelets. Model 
system with desAB-fibrin revealed the ability of platelets to stimulate fibrinolysis. These results suggest that 
the regulation of fibrinolysis by platelets is provided by the binding of plasminogen and plasminogen activa-
tors on their surface, acceleration of plasmin generation and, consequently, acceleration of the onset of fibrin 
lysis and reducing of the clot lifetime, which is important to maintain hemostatic balance.

K e y w o r d s: platelets, plasminogen, tissue plasminogen activator (t-PA), urokinase, streptokinase, pro-
thrombin complex.
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P latelets play a key role in normal hemostasis 
and pathological thrombi formation. Due to 
their ability to secrete a wide range of bio-

logically active substances, platelets are involved in 
numerous (patho)physiological processes, e.g. blood 
vessels recovery, angiogenesis, inflammation, onco-
genesis, immune response, etc. 

Heterogeneity is one of platelets peculiari-
ties. Platelets activation results in the formation of 
two subpopulations with different functional fea-
tures. Pro-aggregatory platelets express activated 
αІІbβ3, bind fibrinogen and other platelets and thus 
strengthen the clot and preserve it from premature 
dissolution. Procoagulant platelets expose phosphati-
dylserine, which binds coagulation factors, thereby 
enhancing thrombin formation (EC 3.4.21.5) and 
polymer fibrin formation [1, 2].

The ability of platelets to modulate clot disso-
lution has been less studied. Until recently, platelets 
were believed to demonstrate mostly antifibrinolytic 
properties due to the high concentration of fibrinoly-
sis inhibitors (PAI-1, TAFI) in alpha granules [3-6]. 
Now, it has been found that platelets are involved in 
both the formation of fibrin and its dissolution [7, 8].

Dissolution of fibrin clots is carried out by 
the proteolytic enzyme plasmin (EC 3.4.21.7), 
which is formed from inactive plasminogen by ac-
tivators. Tissue-type plasminogen activator (t-PA) 
(EC 3.4.21.68) mainly activates the proenzyme on 
the surface of fibrin clots [9], whereas urokinase (u-
PA) (EC 3.4.21.73) mainly activates it on the surface 
of various cells [10, 11]. Plasmin and activators as-
sociated with fibrin or cell membrane are protected 
against inhibition by alpha-2-antiplasmin and a first-
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type plasminogen activator inhibitor (PAI-1), respec-
tively.

Platelets present binding sites for fibrinolytic 
proteins on the outer membrane. Plasminogen binds 
to platelets by two mechanisms: αІІbβ3- and fibrin-
dependent and independent [12]. The latter involves 
the interaction of plasminogen with membrane-as-
sociated proteins exposed during activation, such as 
actin [13], thrombospondin [14], and proteins having 
C-terminal lysine residues [15].

t-PA binding to the surface of inactivated plate-
lets is reversible, concentration-dependent, mediated 
by one class of low affinity sites, enhanced by throm-
bin stimulation, and partially replaced by plasmino-
gen [16]; single-chain urokinase-type plasminogen 
activator (scu-PA) is detected on membranes of un-
stimulated platelets in low concentrations (1.3 ng 
per 109 platelets) [17]. Despite the existing evidence 
about the association of t-PA and scu-PA with the 
membranes of intact and activated platelets, recep-
tors responsible for the binding of these activators 
remain unknown. The ability of platelets to accu-
mulate proteins of plasminogen activation system on 
their surface indicates the possible involvement of 
these cells in the localization and regulation of the 
fibrinolytic process.

The aim of this study was to investigate the 
interaction of plasminogen and tissue plasminogen 
activator with intact and activated platelets, to de-
termine the amount of plasmin generated by various 
plasminogen activators in the presence of platelets, 
and their ability to modulate the rate of polymer fi-
brin hydrolysis.

Materials and Methods

Plasminogen preparation. Glu-plasminogen 
was purified from donor citrate plasma as described 
in [7], the purity was assessed using low-pH poly-
acrylamide gel electrophoresis [8]. Glu-plasminogen 
conjugation with FITC (Sigma-Aldrich, USA) was 
carried out using the manufacturer’s protocol. 

Platelet isolation. Human blood platelets were 
obtained from whole blood of healthy, drug-free in-
dividuals. Blood was collected in 0.1 M sodium cit-
rate, 0.08 M citric acid, 0.11 M glucose in 9:1 ratio. 
Differential centrifugation was used to collect plate-
lets as described [9]. The amount of cells and their 
viability were assessed using aggregometer (SOLAR 
AT-02, Belorussia). Platelets suspension was stored 
at 37 ℃ up to 3 h. 

Prothrombin complex preparation. Prothrom-
bin complex was obtained from donor citrate plasma 

using adsorption on barium sulfate. The precipitate 
was suspended for 1 h at 4 ℃ in 0.05 M tris buffer 
pH 7.4 with 0.2 M NaCl, 0.01 M benzamidine and 
0.02 M EDTA. The suspension was centrifuged for 
20 min at 2500 rpm and 4 ℃. The supernatant was 
aliquoted and stored at -20 ℃. Every portion of pro-
tein solution before using was thawed at 37 ℃ and 
passed through PD-10 column, equilibrated with 
0.05 M tris buffer pH 7.4 with 0.13 M NaCl, for 
benzamidine and EDTA elimination. Proteins con-
centration in the samples was assessed using 280 nm 
and 320 nm light absorbance and calculated using 
14.0 extinction coefficient  (E1%

280nm).
Rabbit polyclonal anti-t-PA antibodies prepa-

ration. Animals were immunized using human re-
combinant tissue-type plasminogen activator (Acti-
lyse, Boehringer Ingelheim, Germany) as described 
elsewhere [21]. Anti-t-PA immunoglobulins G were 
purified using affinity chromatography successively 
on protein A-sepharose and t-PA-sepharose. The an-
tibodies were stored in 25% glycerol at -20 ℃. 

Plasminogen activation assay. Effect of pro-
thrombin complex on Glu-plasminogen activation 
by tissue type plasminogen activator in the pres-
ence of resting and activated platelets was assessed 
as plasmin formation using S2251 chromogenic sub-
strate for plasmin. Before the reaction platelets were 
activated with 0.25 NIH thrombin (Sigma Aldrich, 
USA) in microtitration plates for 5 min at room tem-
perature, then incubated with prothrombin complex 
(100 µg) for 5 min. Control group of cells was in-
cubated only with prothrombin complex. Reaction 
medium (0.25 ml) contained platelets (107 cells), glu-
plasminogen (0.25 µM), t-PA (5 IU), S2251 (0.3 mM) 
and 50 mM Tris buffered saline with 1 mM CaCl2 
pH 7.2. Plasmin activity was assessed as change of 
the medium light absorption at 405 nm using Multi-
scan Titertek plate reader (Multiskan, Finland). 

Flow cytometry. Interaction of FITC-plas-
minogen with resting and activated platelets was 
measured with flow cytometry on COULTER EP-
ICS XL (Beckman Coulter, USA). Washed plate-
lets (108  cells/ml) were activated with 2 NIH/ml 
thrombin (Sigma, USA) for 5 min at 37 ℃ and as 
result at least 90% of the cells were activated. Af-
ter the activation platelets were washed in 20 mM 
HEPES buffer, containing 137 mM NaCl, 4 mM 
KCl, 0.2 mM MgCl2, pH 7.4 (HEPES buffer), and 
then resuspended in 0.05 M sodium-phosphate buffer 
with 0.15 M NaCl and 1 % BSA, pH 7.4 (working 
buffer). Intact cells underwent the same procedure 
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but without thrombin addition. Washed intact and 
activated cells were incubated with FITC-conjugated 
plasminogen (1 µM) for 30 min at 37 ℃ in the dark 
and then twice washed using working buffer. For 
the analysis of labeled plasminogen interaction with 
platelets were used samples containing 10 000 cells. 
Fluorescence excitation wavelength was 488 nm, 
cells fluorescence intensity was measured at 515-
535 nm (FL1 channel). The level of control cells 
fluorescence (intact cells non-incubated with FITC-
plasminogen) was taken as 100%. “FCS Express V3” 
software (DeNovo Software, USA) was used for the 
data analysis. 

Interaction of FITC-conjugated streptokinase 
with platelets was investigated using flow cytomet
ry as described for FITC-conjugated plasminogen. 
Intact and thrombin-activated cells were incubated 
with FITC-conjugated streptokinase in the presence 
of Glu-plasminogen (1 µM) or without the proen-
zyme.

Fluorescent spectroscopy. Interaction of t-PA 
with platelets was investigated using rabbit poly-
clonal anti-t-PA antibodies and secondary FITC-con-
jugated anti-rabbit antibodies (Sigma Aldrich, USA). 
Samples of washed intact platelets (108 cells in 0.3 
ml HEPES buffer) were incubated with anti-t‑PA an-
tibodies (10 µg) at 37 ℃ for 60 min and then washed 
twice in HEPES buffer by centrifugation (15 min, 
200 g). Washed cells were resuspended in 0.3 ml of 
HEPES buffer and incubated with secondary anti-
rabbit FITC-conjugated antibodies for 40 min in the 
dark at 37 ℃, washed twice, resuspended in 1 ml 
of 50 mM tris buffer with 130 mM NaCl, pH 7.4, 
and analyzed. Fluorescence of the cells was measu
red using spectrofluorometer QuantaMaster TM 40 
(PTI Inc., Canada) at 37 ℃ and stirring. FITC fluo-
rescence spectra were registered in the 500-600 nm 
range with 1 nm step. Excitation wavelength was 
490 nm. Obtained results were analyzed using Ori-
gin Lab 9 software (OriginLab Corp., USA).

Turbidimetry. Platelets effect on desAB fibrin 
lysis was investigated by change of clot turbidity 
using spectrophotometer SF-26 (LOMO, USSR) with 
thermostatic cuvette. Reaction medium (1 ml) con-
tained 50 mM Tris buffer with 1 mM CaCl2, pH 7.4, 
15 µg/ml Glu-plasminogen, 5 IU/ml t-PA, 5·107 cells/
ml platelets suspension, and 1 NIH/ml thrombin. Af-
ter 5 min preincubation of the reaction medium at 
37 ℃ for platelets activation, 200 µg/ml of desAB 
fibrin was added. Registration of clot density was 
started at the moment of desAB fibrin addition and 

polymerization start. Obtained kinetic curves were 
assessed and overall clot lifetime, time of lysis start, 
half-lysis time and area under the curve were cal-
culated. Statistical analysis of the results was per-
formed using MS Office Excel 2016 software.  

Results and Discussion

It has been shown that radiolabelled plasmi-
nogen (125I-Glu-plasminogen) specifically binds to 
human washed platelets. Kd for thrombin-stimulated 
platelets is 2.6 ± 1.3 μM, and the amount of bound 
plasminogen is up to (190 ± 44)·103 molecules per 
cell, while unstimulated platelets bind (37 ± 15)·103 
molecules per cell with Kd 1.9 ± 0, 15 μM [24]. Our 
aim was to determine the level of plasminogen/
plasmin, associated with the surface of native and 
thrombin-activated platelets, using methods of flow 
cytometry and determination of enzymatic activity.

The ability of platelets to bind and activate 
plasminogen on their surface was evaluated by the 
amidolytic activity of plasmin in the presence of 
washed native or thrombin-activated platelets with 
or without addition of t-PA or Glu-plasminogen in 
combination with t-PA. Platelets were activated in 
the incubation medium with the addition of 1 NIH 
thrombin. t-PA-dependent activation of plasminogen 
did not occur in solution: in samples containing zy-
mogen and its activator in the absence of platelets, 
amidolytic activity was absent during the whole time 

Fig. 1. Amidolytic activity of plasminogen/plasmin, 
associated with the surface of intact and activated 
platelets without and in the presence of tissue plas-
minogen activator or tissue plasminogen activator 
and plasminogen. *p ≤ 0.05; #p ≤ 0.01
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of observation. In the medium containing only intact 
or activated platelets, in the absence of plasminogen 
and tissue plasminogen activator, after 60 min of 
incubation, residual amidolytic activity of plasmin 
was observed, which may be a result of activation 
by endogenous activators of plasminogen, bounded 
to the surface of circulating platelets. Notably, with 
the addition of tissue plasminogen activator, a slight 
increase in the level of p-nitroaniline occurred, 
which was similar in the presence of both native and 
activated platelets. These results show that platelets 
obtained by centrifugation carry a small amount of 
plasminogen on their surface. Thus, circulating na-
tive platelets are able to bind a very small amount of 
plasminogen. A similar level of amidolytic activi
ty indicates that platelets, activated by thrombin, do 
not secrete additional amounts of plasminogen. At 
the same time, amidolytic activity increased dra-
matically when both plasminogen and tissue plas-
minogen activator are added to intact and activated 
cells. Moreover, the level of activity in the presence 
of thrombin-induced platelets was almost 2 times 
higher comparing to that in the presence of intact 
cells, which indicates the exposure of additional 
plasminogen-binding sites on the platelets surface 
after agonist-induced activation. The increase of 
amidolytic activity in the presence of intact platelets, 
plasminogen and tissue plasminogen activator can be 
explained by the partial activation of platelets during 
centrifugation.

Plasminogen binding to platelets, evaluated 
by the change in amidolytic activity with different 
concentrations of proenzyme, was a dose-depen
dent process (Fig. 2). With the increase of zymogen 
amount in the reaction medium, saturation of plas-
minogen binding sites on the plasma membrane of 
native and thrombin-activated cells occurred at 0.5 
and 0.1 μM concentrations, respectively.

Fig. 3 represents determination of the level of 
FITC-plasminogen bound to the surface of intact and 
activated platelets, using flow cytometry method. 
Due to the fluorescence intensity of the control (in-
tact platelets not incubated with Glu-plasminogen), a 
gate separating non-fluorescent cells was determined 
(Fig. 3, A). Incubation of the native cells with FITC-
plasminogen resulted in a 67% increase in the num-
ber of events with a fluorescence signal. The fluo
rescence intensity was increased by 300%, which 
indicates the sorption of FITC-labeled plasminogen 
on the surface of intact platelets (Fig. 3, B). In the 
presence of thrombin-activated cells, an increase in 

Fig. 2. Glu-plasminogen binding to intact and acti-
vated platelets depending on proenzyme concentra-
tion
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the number of FITC-plasminogen-positive cells was 
significantly higher (75%), whereas the fluorescence 
intensity increased by 650% (Fig. 3, B).

To summarize, using flow cytometry and enzy-
matic activity assay, we found that isolated activated 
platelets bind twice as much plasminogen on their 
surface than intact cells. It was shown that circulat-
ing platelets carry a small amount of plasminogen on 
their surface, whereas thrombin-induced activation 
leads to exposure of plasminogen-binding sites on 
their plasma membrane.

According to the literature, radiolabeled (125I) 
recombinant tissue plasminogen activator (rt-PA) in-
teracts with inactive and thrombin-stimulated plate-
lets, with Kd 340 ± 25, and 800 ± 60 nM, respec-
tively [16]. Our next task was to investigate if tissue 
plasminogen activator is present on the surface of 
platelets isolated from donor blood. Presence of tis-
sue plasminogen activator was detected by spectro-
fluorimetry using tissue plasminogen activator anti-
bodies and secondary FITC-conjugated antibodies. 
Studies were performed on platelets obtained from 
blood samples from four different donors (Fig. 4).

Platelets incubated with secondary antibodies 
were taken as a control. The intensity of fluorescence 
in the analyzed and control samples was 5-12 times 
different, indicating the binding of t-PA antibody to 
its antigen on the cells̀  surface. The difference in 
the intensity signal between individual samples is 
explained by the individual characteristics of the do-
nors. Thus, tissue plasminogen activator was detec
ted by the t-PA antibodies on the plasma membrane 
of isolated native platelets, indicating the presence of 
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Fig. 3. Fluorescence histograms and dot plots of platelets distribution: intact platelets (А), intact platelets with 
FITC-plasminogen (B); thrombin-activated platelets with FITC-plasminogen (C)

47

32

63

0

16

C
ou

nt

Control

Fitc

C
ou

nt

29

19

38

0

10

Control

Fitc

100                  101                   102                   103                  104

C
ou

nt

16

11

21

0

5

Control

Fitc

100            101          102          103         104

SS
 L

O
G

FL1 LOG

104

103

102

101

100

A Gate I Gate II

100           101          102          103          104

SS
 L

O
G

FL1 LOG

104

103

102

101

100

B Gate I Gate II

100           101          102          103          104

SS
 L

O
G

FL1 LOG

104

103

102

101

100

C Gate I Gate II

specific binding sites for this protein on the surface 
of the circulating platelets in the bloodstream.

Effective activation of receptor-bound plasmi-
nogen requires localization of its activator on the 
same cell surface. Literature data about the role of 
platelets as a cofactor in the process of plasminogen 
activation by its various activators, namely tissue 
plasminogen activator, urokinase and streptokinase, 
are controversial. According to results obtained by 
PAGE electrophoresis, plasmin is detected on plate-
let membranes during activation by all types of ac-
tivators [24]. Chromogenic substrate assay showed 
the effect of platelets on the formation of plasmin 
after plasminogen activation by tissue plasminogen 
activator but not urokinase or streptokinase [25], 
whereas in other studies, urokinase activated plate-
lets-bound plasminogen [26, 7].

Platelets’ (1·107 cells) impact on Glu-plasmi-
nogen activation by tissue activator, urokinase, and 
streptokinase was studied with 250 nM of Glu-plas-

minogen, a concentration at which saturation of the 
plasminogen binding sites on platelet membranes is 
reached. To compare the effectiveness of different ac-
tivators, the reaction was performed at the same mo-
lar ratio of each of the activator to zymogen (1: 200). 
The kinetic curves of the plasminogen activation by 
all types of activators without and in the presence of 
activated platelets are presented in Fig. 5, A, B. 

Activated platelets most effectively stimula
ted activation of plasminogen by streptokinase and 
showed a weaker, almost identical effect on activa-
tion by urokinase and tissue plasminogen activator. 
Based on the obtained kinetic curves, the amount 
of plasmin formed without and in the presence of 
cells was calculated (Fig. 6). The amount of enzyme 
was determined by optical density change on a linear 
region of the kinetic curve and was calculated using 
the formula (∆E405: ∆t)/0.002, where 0.002 – experi
mentally determined absorption of p-nitroaniline re-
leased during hydrolysis of chromogenic substrate 



43

T. Grinenko, О. Yusova, O. Revka et al. 

Fig. 4. Detection of tissue plasminogen activator on the surface of intact platelets using rabbit anti-t-PA anti-
bodies and secondary FITC-labeled anti-rabbit antibodies. Fluorescence spectrum of platelets without t-PA 
antibodies is shown as a control. Platelets were obtained from 4 donors 

500       520        540        560       580        600

Fl
uo

re
sc

en
ce

 in
te

ns
ity

, a
.u

.
10000

8000

12000

4000

0

Control

6000

2000

Wavelength, nm

Fig. 5. А. Kinetics of Glu-plasminogen activation by tissue plasminogen activator (t PA) and urokinase (u-PA) 
without and in the presence of thrombin-stimulated platelets. B. Kinetics of Glu-plasminogen activation by 
streptokinase (Sk)  without and in the presence of thrombin-stimulated platelets
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by 1 nM of plasmin in 1 min. The data presented 
in Fig. 6 indicate that in the presence of platelets 
(4·107 cells/ml) by activation of 250 nM of plasmi-
nogen, 25.8, 8.3, and 5.4 nM of plasmin is produced 

by streptokinase, urokinase, and tissue plasminogen 
activator, respectively.

This stimulating effect of platelets can be ex-
plained by the increase of the local concentration of 
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Fig. 6. Amount of plasmin generated during activa-
tion of 250 nМ Glu-plasminogen by streptokinase, 
urokinase and tissue plasminogen activator with 
1:200 molar ratio of activator:zymogen, without and 
in the presence of platelets. *P ≤ 0.05

Fig. 7. Fluorescence of intact (А) and agonist-activated (В) platelets with FITC-labeled streptokinase without 
and in the presence of Glu-plasminogen 

cence intensity of platelets, incubated with strepto-
kinase and additionally with Glu-plasminogen. The 
fluorescence intensity of intact and thrombin-acti-
vated platelets was taken as 100%. In the presence 
of streptokinase, the intensity of intact cells signal 
increased by 3 times, while the signal of activated 
cells – by 26 times. Preincubation of cells with Glu-
plasminogen led to a significant increase in the fluo-
rescence signal of intact and activated platelets – by 
26 and 40 times, respectively.

Obtained results indicate that exogenous plas-
minogen activator – streptokinase – is absorbed 
on the plasma membrane of intact and thrombin-
activated platelets in a plasminogen-dependent and 
plasminogen-independent manner. Considering 
a relatively high level of plasmin produced on the 
platelet surface by streptokinase, obtained data may 
be useful during selection of treatment strategy for 
patients infected with β-hemolytic streptococci and 
during thrombolytic therapy by streptokinase.

According to current concept, plasminogen 
binds predominantly to phosphatidylserine-exposing 
procoagulant platelets [8], which also accumulate 
tenase and prothrombinase complexes responsible 
for the formation of FXa and thrombin, respectively. 
Of particular interest are the data that coagulation 
proteins, namely FXa, can also act as a plasmino-
gen receptor. Autoproteolysis or plasmin processing 
of FXa has been shown to expose C-terminal lysine 
residues, resulting in the ability of procoagulant en-
zyme to act also during plasminogen activation by 
tissue plasminogen activator [27, 28] and to accelera
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te fibrinolysis [29, 30]. Therefore, we isolated the 
proteins of the prothrombin complex from human 
blood plasma by using barium sulfate and extrac-
tion with EDTA solution and examined their ability 
to influence the generation of plasmin on platelets 
surface. It can be seen (Fig. 8) that the prothrombin 
complex does not affect the plasminogen activation 
process on the surface of intact platelets and more 
than two times elevate the level of activation in the 
presence of thrombin-stimulated platelets. These re-
sults indicate that components of the prothrombin 
complex bound to the surface of activated platelets 
may be involved in the interaction of plasminogen 
activation system proteins with platelets, but the 
mechanism of this impact requires further investi-
gation.

A model system using desAB-fibrin allows to 
test the effect of platelets directly on the fibrinolysis 
process separately from the coagulation cascade. We 
used the physiological ratio of platelets, desAB-fi-
brin and plasminogen concentrations, as well as t-PA 
concentration, to evaluate the effect of platelets on 
fibrinolysis. Figure 9 shows typical curves of desAB 
fibrin formation and hydrolysis under the mentioned 
experimental conditions.

The curves were compared using the following 
parameters: clot lifetime (time to fully complete 
polymer fibrin lysis); time of the beginning of the 
lysis; half-lysis time (i.e. time during which the 
clot absorption value is reduced twice comparing 

to the maximum absorption); maximum lysis rate 
(defined as a tangent); area under the curve (calcu-
lated as a definite integral). Platelets significantly 
reduced the half-lysis time (from 30.33 ± 4.7 to 
23.33 ± 0.47 min) and clot lifetime (from 38.33 ± 2.36 
to 31.6 ± 2.36 min) with a corresponding decrease in 
the area under the coagulation/lysis curve by 17% 
(4.25 ± 0.75 OD unit·min-1 in the presence of plate-
lets compared with 5.02 ± 0.7 for control), which to-
gether indicates stimulation of fibrinolysis by plate-
lets. It should also be noted that in the presence of 
platelets, fibrin polymerization was accompanied by 
an additional increase in the optical density of the 
clot (compared to the cell-free control) due to its re-
traction (Fig. 9, control curves). Thus, cell-free and 
platelet-containing clots were different in structure 
and density of the polymer network, which created 
different “starting conditions” for lysis. Taking into 
consideration this difference, the ratio of the area 
under the hydrolysis curve of desAB-fibrin to the 
area under its polymerization curve was compared. 
It was 0.64 for control clots and 0.49 for platelets-
containing clots. Therefore, in our conditions, the 
efficiency of fibrin clot dissolution was increased by 
30% in the presence of platelets. It can be conclu
ded that the acceleration of desAB-fibrin hydrolysis 
in the presence of platelets was mostly due to their 
predominant effect on the activation of plasminogen 
by tissue plasminogen activator. This is evidenced, 
in particular, by platelet-induced reduction of lysis 

Fig. 8. Kinetics of Glu-plasminogen activation by tissue plasminogen activator on the surface of intact (Int-
Plt) and thrombin-activated (ActPlt) platelets without and in the presence of prothrombin complex (PtC). The 
kinetic curve of Glu-plasminogen activation by tissue plasminogen activator without platelets is shown as a 
control
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Fig. 9. Platelets’ impact on polymerization and hydrolysis of desAB-fibrin by Glu-plasminogen, activated by 
tissue plasminogen activator. Kinetic curves of desAB-fibrin polymerization and hydrolysis without cells were 
taken as a control
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onset time by 10 min on average (13.3 ± 3.4 min in 
the presence of cells compared to 23.0 ± 4.2 min in 
control) and by increase in maximal lysis rate (from 
0.024 ± 0.005 to 0.029 ± 0.009 OD units·min-1).

To sum up, these data of plasminogen binding 
on activated platelet as well as stimulation of t-PA-
dependent plasminogen activation by platelets to 
provide more efficient fibrin hydrolysis, give the evi-
dence to suggest the following mechanism of profi-
brinolytic action of platelets. Plasmin formed on the 
surface of platelets incorporated in a fibrin network 
forms an area of partially hydrolyzed fibrin, which 
exposes numerous binding sites for plasminogen lo-
calized within the clot. At the same time, a certain 
amount of tissue plasminogen activator, protected 
from inhibitors, is retained on the surface of the ac-
tivated platelets. A new wave of plasmin formation 
caused by contacts between fibrin-bound plasmino-
gen and platelet-bound t-PA expands the fibrin hy-
drolysis front and creates the conditions for diffusion 
and binding of an increasing number of plasmino-
gen proteins. The proposed mechanism underlines 
the important role of platelets as a matrix that not 
only integrates supramolecular complexes, but also 
modulates the efficiency of their interaction.

Obtained results also suggest that the most sig-
nificant effect of platelets during the process of ly-
sis is binding of plasminogen and its activators on 
their surface, acceleration of plasminogen activation 
process and more efficient plasmin formation and, 
consequently, acceleration of the onset of lysis and 
reduction of the clot lifetime, which is important for 

the regulation of physiological hemostatic balance 
and the prevention of pathological thrombosis.
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Регуляція фібринолізу 
тромбоцитами, що 
містять на своїй поверхні 
плазміноген та тканинний 
активатор
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Тромбоцити відіграють ключову роль у 
гемостазі як стимулятори тромбіноутворення, 
як центри полімеризації фібрину та ініціатори 
ретракції. Менш вивченою залишається їхня 
здатність до модуляції розчинення згустків. 
Метою роботи було дослідити взаємодію плаз-
міногену та тканинного активатора з нативни-
ми та активованими тромбоцитами, визначити 
кількість плазміну, що генерується за активації 
плазміногену різними активаторами в присут-
ності тромбоцитів та їхню здатність модулюва-
ти швидкість гідролізу полімерного фібрину. У 
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дослідженні було застосовано спектрометричні 
та імунофлуориметричні методи. Показано, що 
циркулюючі в крові інтактні тромбоцити несли 
на своїй поверхні незначну кількість плазміноге-
ну, тоді як тромбініндукована активація вела до 
експонування плазміногензв’язувальних сайтів 
на  плазматичній мембрані. Активовані тром-
боцити стимулювали реакцію активації плаз-
міногену тканинним активатором, урокіназою 
та стрептокіназою. Виявлено, що компоненти 
протромбінового комплексу підсилювали акти-
вацію плазміногену тканинним активатором на 
поверхні активованих тромбоцитів. У модель-
ній системі з використанням desAB-фібрину 
встановлено здатність тромбоцитів стимулюва-
ти фібриноліз. Одержані результати дозволяють 
зробити висновок, що регуляція фібринолізу 
тромбоцитами реалізується через зв’язування 
плазміногену та активаторів плазміногену на 
їхній поверхні, завдяки прискоренню генерації 
плазміну і, відповідно, початку лізису фібрину 
та зменшенню загального часу існування згуст-
ку, що є важливим для підтримання гемостатич-
ного балансу. 

К л ю ч о в і  с л о в а: тромбоцити, плаз-
міноген, тканинний активатор плазміногену 
(t‑PA), урокіназа, стрептокіназа, протромбіно-
вий комплекс.
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