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Peptide inhibitors of platelet aggregation.

 

 Thromb-
ocytes are known to modulate the course of hemostatic
reactions. After vascular wall injury, the main role of
thrombocytes is formation of a blood clot and stimula-
tion of blood coagulation. However, in conditions of
stable bloodstream, thrombocytes releasing anticoagu-
lant, disaggregation, and fibrinolytic agents can main-
tain blood in a liquid state (Ruggeri, 1993; Shiffman,
2000). Thrombocytes were shown to contain peptides
such as connective tissue-activating peptide-III (plate-
let factor), which binds actin and prevents its polymer-
ization (Gouwy et al., 2004), or bradykinin, which
appears in the blood after activation of the kallikrein–
kinin system or after its infusion and prevents micro-
clotting in the injured vascular wall due to its anti-
aggregative effect on thrombocytes. Fragments of
bradykinin or its analog des-Arg bradykinin increased
synthesis of prostacyclin, which is involved in the inhi-
bition of platelet aggregation in cultured endothelial
cells (Chernukh et al., 1983; Gomazkov, 2000).

A number of proteins such as thrombin, fibrinogen,
collagen, and von Willebrand factor contain the amino
acid sequence Arg-Gly-Asp. A fragment with such
amino acid sequence inhibits protein binding to platelet
surface and, thus, decreases platelet adhesion and
aggregation (Ganguly et al., 2005). The peptide Arg-
Pro-Pro-Gly-Phe can also inhibit platelet aggregation
by blocking thrombin activity (Ahmed et al., 2003).
The peptide Lys-Pro-Gly-Glu-Pro-Gly-Pro-Lys, which
is a fragment of type III collagen, proved to suppress
platelet aggregation even at millimolar concentrations
(Farndale, 2004). A similar effect was shown for the
peptides Pro-Gly-Glu-Pro-Gln-Gly-Pro (Barnes et al.,

1996), Gly-Leu-O-Gly-Glu-Arg, Gly-Ala-Ser-Gly-
Glu-Arg, and Gly-Phe-O-Gly-Glu-Arg, which are
involved in binding to GP-Ia-IIa (

 

α

 

2

 

β

 

1

 

) platelet receptor
(Xu et al., 2000).

 

Peptide inhibitors of plasma hemostasis. Anticoag-
ulant peptides.

 

 Conformation state of peptides influ-
ences thrombin-induced fibrinogen coagulation and
ligand binding to thrombin. The best thrombin inhibi-
tors are compounds that are complementary to the bind-
ing center of thrombin and have rigid secondary struc-
ture. Described peptide inhibitors of thrombin include
(1) central fragment of hirudin, and (2) peptides con-
taining amino acid sequence D-Phe-Pro-Arg that have
anticoagulant properties and prevent clotting in the
bloodstream (Bajusz et al., 1995).

Anticoagulant activity of the peptides was shown to
depend on the presence of proline, arginine, and lysine;
the presence of Pro-Arg sequence is one of factors of
this activity (Levitskaya et al., 1987; Pratt et al., 1997).

Peptides carrying the Gly-Pro-Arg sequence identi-
cal to the N-terminal region of 

 

α

 

 chain of fibrinogen
proved to inhibit the final stages of blood clotting. The
peptide structure can be stabilized by the C-terminal
addition of proline. This synthetic peptide also demon-
strated a higher anticoagulant potential (Kini and
Evans, 1995).

 

Fibrin depolymerizing peptides.

 

 As demonstrated
previously, tetrapeptides Gly-Pro-Arg-Pro (Pratt et al.,
1997) and Thr-Lys-Pro-Arg (tuftsin) inhibit fibrin poly-
merization. Self-assembly of fibrin is known to include
at least two stages: the initial polymerization of mono-
meric fibrin (MF) and the subsequent lateral aggrega-
tion of polymeric fibers yielding the ultimate fibrin
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structure. Different stages of MF self-assembly have
different sensitivity to both fibrinopeptides and pep-
tides with C-terminal Pro-Arg or Arg-Pro. At the initial
stages of fibrin formation, depolymerizing activity of
these peptides remains steadily high, but later decreases
and completely vanishes. It is probable that the peptides
form dissociable complexes with MF. The number of
polymerization sites, which are targets for the peptides,
decreases during MF self-assembly. As the polymeric
chains grow, inhibitor molecules are displaced. Pep-
tides containing the Gly-Pro-Arg sequence are thought
to impact both the enzyme and polymerization stages of
clotting. Apparently, the peptides prevent the hydrolytic
effect of thrombin through binding to the central
domain of fibrinogen. The inhibition of the polymeriza-
tion can be explained by the interaction between the
peptides and the peripheral D-domains of the protein
(Laudano and Doolittle, 1980; Lugovskoi, 2003). The
plasma and tissues of some organs contain a peptide
inhibitor of fibrin self-assembly with an anticoagulant
and associated depolymerizing activity towards fibrin.
This peptide forms complexes with intermediate prod-
ucts of fibrin self-assembly, dissociated at the moment
of protofibril aggregation, and interacts with two MF
forms: without fibrinopeptide A but with fibrinopeptide
B (des-AA monomers) and completely activated (des-
AABB monomers). This inhibitor suppresses the coag-
ulation transformation of fibrinogen to fibrin induced
by thrombin (Byshevskii et al., 1986). The presence of
C-terminal lysine potentiates the inhibiting effect of the
drug on the enzyme stage of clotting. The presence of
free 

 

ε

 

 amino groups of lysine in the peptides increases
their affinity for MF. Blocking the 

 

ε

 

 amino groups
decreases the peptide activity (Lugovskoi, 2003). Abu-
mija 

 

et al.

 

 (2000) reported that Arg-Gly-Asp-contain-
ing peptides inhibited fibrinogen binding to thrombin-
activated thrombocytes.

Peptides such as Thr-Lys-Pro-Arg (tuftsin), con-
tained in the immunoglobulin heavy chain and stimu-
lating immunogenesis, inhibit MF polymerization
(through formation a complex with it involving electro-
static interactions) and presumably the enzyme stage of
fibrin formation (by suppressing thrombin-dependent
release of fibrinopeptide B from fibrinogen). Tuftsin
concentration in the blood is 250–300 

 

µ

 

g/l. Chipens
and Veretennikova (1980) claimed that depolymerizing
activity of tuftsin is largely due to the C-terminal Pro-
Arg sequence.

Platelet peptide III can interact not only with actin
but also with blood fibrinogen and prevent its polymer-
ization (Gouwy et al., 2004). Fibrin polymerization is
also inhibited by Gly-His-Arg-Pro peptide (Doolittle
et al., 1999).

 

Fibrinolysis activating peptides.

 

 Activation of
fibrinolysis mediated by induction of plasminogen acti-
vators is observed after exposure to immune peptides
thymoptin (Lyapina et al., 1990) and tuftsin (Ashmarin
et al., 1991; Lyapina et al., 1994). Peptides resulting

from plasmin hydrolysis of fibrinogen and fibrin
increase vascular permeability and have vasoconstric-
tive and antithrombin effects (Lugovskoi, 2003).

Hypophyseal neuropeptide oxytocin can stimulate
fibrinolysis in the blood through induction of plasmino-
gen activator and plasmin and through inhibition of
antiplasmin activity. It activates the kallikrein–kinin
system (the blood levels of kallikrein and kallikreino-
gen increase and decrease, respectively). It demon-
strated a beneficial effect in muscle hematomas (Kiri-
chuk and Burova, 1989).

 

Glyprolines, semax, selank.

 

 Collagen is considered
among possible sources of short peptides (Bienkowski
et al., 1978) including proline-containing di- and trip-
eptides called glyprolines (Pro-Gly, Gly-Pro, and Pro-
Gly-Pro) (Ashmarin et al., 2002, 2005). Incorporation
of proline residues to both ends of short proline-con-
taining peptides proved to increase their antiplatelet
effects by 7 to 13 times (Kini and Evans, 1995). Such
peptides interfere with the interaction between fibrino-
gen and its platelet receptor, thus, preventing platelet
aggregation and adhesion (Farndale, 2004).

Effects of these peptides can increase after their
cyclization. Barker 

 

et al.

 

 (1992) synthesized over 80
cyclic RGD peptides and demonstrated their consider-
able inhibiting effect on platelet aggregation. Potent
antiplatelet peptides were recently produced by the C-
terminal addition of proline (Kini and Evans, 1995).
Kini and Evans believe that such peptides can give
impetus to the development of efficient antithrombotic
peptides. The Pro-Gly-Pro sequence is present in
semax synthesized at the Institute of Molecular Genet-
ics (Russian Academy of Sciences).

In this work, the effect of glyprolines, semax,
selank, and their derivatives, synthesized at the Institute
of Molecular Genetics, on plasma platelet hemostasis

 

in vitro

 

 administered to intact animals (rats) by differ-
ent routes (intranasal, oral, intraperitoneal, and intrave-
nous) was studied using the standard coagulologic
techniques (Dolgov et al., 1996).

 

In vitro experiments.

 

 Certain concentrations of
glyprolines proved to have fibrin depolymerizing and
anticoagulant activities 

 

in vitro.

 

 In a wide concentration
range from 

 

10

 

–1

 

 to 

 

10

 

−

 

7

 

 mg/ml all studied glyprolines and
selank demonstrated fibrin depolymerizing and mild
anticoagulant activities increased by 15–40% relative to
control (saline). Glyprolines in the concentration range
from 

 

10

 

–1

 

 to 

 

10

 

–9

 

 mg/ml decreased platelet aggregation
to 32–85%. A considerable decrease in platelet aggrega-
tion to 32–36% under the influence of Pro-Gly-Pro, Pro-
Gly, and Gly-Pro at 

 

10

 

–4

 

–10

 

–6

 

 mg/ml was observed (Ash-
marin et al., 1998b). Semax decreased platelet aggrega-
tion to 67% only at 

 

10

 

–6

 

 mg/ml (no effect was observed
at other concentrations). Semax derivatives Glu-His-
Phe-Pro-Gly-Pro and Phe-Pro-Gly-Pro at 

 

10

 

–4

 

 mg/ml
demonstrated a trend to decreased platelet aggregation
to only 81% of control. Overall, the 

 

in vitro

 

 data sug-
gest that di- and tripeptides Pro-Gly and Pro-Gly-Pro
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demonstrated the greatest anticoagulant effect, while
the peptides can be arranged in the following order
according to these activities: anticoagulant, RPGP >
PGP > GP > cPG > GPGG = PG; fibrin depolymeriz-
ing, RPGP > Selank > PGP = PG = KPRPGP > GP >
GPGG; antiplatelet, PG > PGP > GP > EHFPGP =
FPGP > GPGG > Selank; and fibrin destabilizing,
PGP > PG >GP > GPGG.

Notice the following: comparison of structural and
anticoagulant properties of glyprolines demonstrated,
in agreement with published data, that the C-terminal
Pro-Gly motif or the proper Pro-Gly peptide inhibited
fibrin polymerization; antiplatelet effects were also to a
certain extent due to the presence of the terminal pro-
line (which agrees with the results of Kini and Evans
(1995)) and peaked for Pro-Gly-Pro and then for Pro-
Gly. The revealed pattern substantiates the study of
fragments of semax and Pro-Gly-Pro polymers since
the presence of a particular amino acid, e.g., lysine or
arginine, can have an impact on its anticoagulant prop-
erties.

 

In vivo experiments.

 

 Glyprolines and semax modu-
lated functioning of the anticoagulant system (ACS)
which was manifested as increased anticoagulant,
fibrinolytic, fibrin destabilizing, and antiplatelet prop-
erties of plasma (Ashmarin et al., 1996, 1998a, 1998b,
2005; Pastorova et al., 1998, 2001; Lyapina et al., 2000,
2002, 2003; Samonina et al., 2000, 2002; Cherkasova
et al., 2001) (Table 1). The following data illustrate this
statement.

 

Intravenous peptide administration.

 

 The effect of
ACS modulation was observed starting from 1 min
after intravenous administration of each peptide and
remained detectable in the bloodstream for 30–60 min.
Table 1 demonstrates the greatest effect 10 min after
intravenous administration of Pro-Gly-Pro at a dose of
1 mg/kg rat body weight manifested as a sharp increase
in plasma anticoagulant activity (AA) to 173%; fibrin
depolymerizing activity (FDA) to 170%, and activity of
tissue plasminogen activator (tPA) to 220%. Pro-Gly
administration increased FDA to 400% and platelet
aggregation decreased to 40%; while administration of
semax derivative Glu-His-Phe-Pro-Gly-Pro and selank
increased tPA in the bloodstream to 310 and 298%,
respectively, relative to control (saline). Under these
conditions, semax and selank demonstrated antiplatelet
properties and decreased platelet aggregation to 65–
68.8% (Table 1).

Intravenous peptide administration demonstrated
dose-dependent effects of Pro-Gly-Pro and Pro-Gly.
Anticoagulant, fibrin depolymerizing, fibrin destabiliz-
ing, and tissue plasminogen activator activities, detect-
able 10 min after administration, progressively
increased at doses of 1.0 and 1.5 mg/kg body weight
(Table 2). The effects were observed 30 and 60 min
after intravenous peptide administration, which agrees
with previous data on intraperitoneal and intragastric

administration of Pro-Gly-Pro and Pro-Gly (Ashmarin
et al., 2005).

 

Intranasal peptide administration.

 

 Repeated intra-
nasal administration of the peptides at a single daily
dose of 1 mg/kg for 3 or 5 days demonstrated the high-
est efficiency of semax and Pro-Gly-Pro after 1 h. Note
in particular tPA increase to 612 and 384% after semax
and Pro-Gly-Pro administration, respectively; while
these peptides decreased platelet aggregation to 65.5–
60.5% relative to control (Table 1).

 

Oral peptide administration.

 

 Repeated oral admin-
istration of the peptides at a single daily dose of 1
mg/kg for 10 days demonstrated that Pro-Gly was the
most efficient by antiplatelet, antithrombotic, and tPA
activities, which increased by 32, 91, and 111%,
respectively, relative to control. Note also a pronounced
antithrombotic effect of Pro-Gly-Pro (Table 2).

 

Intraperitoneal peptide administration.

 

 Single
intraperitoneal administration of glyprolines at 1 mg/kg
demonstrated that Pro-Gly-Pro and Pro-Gly had the
highest anticoagulant, fibrin depolymerizing, tPA, and
antiplatelet activities. They decreased platelet aggrega-
tion to 70 and 64%, respectively, relative to control
(Table 1).

Analysis of the obtained data emphasizes two
aspects associated with the specificity of anticoagulant
effect of the peptides and with their indirect effect
mediated by other systems in addition to the blood.

 

Specificity of anticoagulant effect of glyprolines and
semax.

 

 In the description of the specificity of the pep-
tide effect, one should recognize the maximum effect of
intraperitoneal administration of Pro-Gly-Pro com-
pared to other studied enzymes on three activities: anti-
coagulant, fibrin depolymerizing, and tissue plasmino-
gen activator; while dipeptide Pro-Gly demonstrates
the highest effect on two activities: fibrin depolymeriz-
ing and antiplatelet. One can say that the principal tar-
get of intravenously administered Pro-Gly-Pro is
increased anticoagulant properties of plasma and tissue
plasminogen activator activity, while Pro-Gly has the
highest specificity for antiplatelet activity compared to
other studied peptides.

In the case of intranasal peptide administration, one
should note the specificity of semax and Pro-Gly-Pro
for antiplatelet and tissue plasminogen activator activi-
ties.

In the case of repeated oral administration of glypro-
lines, the specificity of anticoagulant effect of two pep-
tides, Pro-Gly and Pro-Gly-Pro, is observed since they
demonstrate the highest antiplatelet, antithrombotic,
and tissue plasminogen activator activities among the
studied peptides.

In the case of single intraperitoneal administration
of glyprolines, the specificity of Pro-Gly-Pro and Pro-
Gly is observed for their fibrin depolymerizing and
antiplatelet effects as well as for their capacity to acti-
vate tissue plasminogen activator in the bloodstream.
The efficiency of anticoagulant effect of Pro-Gly-Pro,
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Pro-Gly, and semax administered by different routes is
shown in figure.

Hence, di- and tripeptides Pro-Gly and Pro-Gly-Pro
are the most universal among the peptides studied.
They have anticoagulant effect after any type of admin-
istration: single intravenous, single intraperitoneal,

repeated intranasal (once a day for 3–5 days), and
repeated oral (once a day for 10 days).

 

Possible direct and indirect effects of glyprolines.
Possible mechanisms of their anticoagulant effect.

 

Analysis and comparison of data obtained 

 

in vitro

 

 and

 

in vivo

 

 demonstrate that the studied peptides including

 

Table 1. 

 

 Anticoagulant effects of glyprolines and semax administered to animals by different routes (mean 

 

±

 

 SEM)

Sample

Activity, %

anticoagulant fibrin-depoly-
merizing

 tissue plasmi-
nogen activator

anti-factor
XIIIa antithrombotic platelet 

aggregation

Intravenous administration, 1 mg/kg, single, 10 min after administration

Semax 126 

 

±

 

 5.6* 200 

 

±

 

 13** 132 

 

±

 

 4.2 ** – – 65 

 

±

 

 4.5**

Glu-His-Phe-Pro-Gly-Pro 115 

 

±

 

 2.2* 155 

 

±

 

 5.5** 310 

 

±

 

 11** – – 102 

 

±

 

 2.9

Phe-Pro-Gly-Pro 144 

 

±

 

 3.8** 170 

 

±

 

 2.9** 190 

 

±

 

 6.8** – – 81 

 

±

 

 6*

Selank 121 

 

±

 

 2.2** 100 

 

±

 

 1.3** 298 

 

±

 

 12** – – 68.8 

 

±

 

 5**

Lys-Pro-Arg-Pro-Gly-Pro 120 

 

±

 

 7.6 97 

 

±

 

 2.0** 75 

 

±

 

 11.1 – – 108 

 

±

 

 3

Arg-Pro-Gly-Pro 125 

 

±

 

 3.8** 170 

 

±

 

 3.8** 190 

 

±

 

 7** – – 83 

 

±

 

 8.1

Pro-Gly-Pro 173 

 

±

 

 3.2** 170 

 

±

 

 3.8** 220 

 

±

 

 12** – – 83 

 

±

 

 1.6*

Pro-Gly 140 

 

±

 

 1.8** 400 

 

±

 

 15** 200 

 

±

 

 11** – – 40 

 

±

 

 4.5**

Gly-Pro – – – – – –

Gly-Pro-Gly-Gly – – – – 88 

 

±

 

 4.6*

c-Pro-Gly 138 

 

±

 

 5.7** 200 

 

±

 

12** 205 

 

±

 

 9.7** – – –

Saline (control) 100 

 

±

 

 2.4 100 

 

±

 

 0 100 

 

±

 

 3.4 100 

 

±

 

 2.1

Intranasal administration, 1 mg/kg, once a day for 5 days, 2 h after last administration

Semax 170 

 

±

 

 6.0** 165 

 

±

 

 2.1** 612 

 

±

 

 21** – 35 (a) 65.5 

 

±

 

 5**

Pro-Gly-Pro 151 

 

±

 

 4.3** 150 

 

±

 

 3.5** 384 

 

±

 

 14** 75 

 

±

 

 4.4** 19 (a) 60.5 

 

±

 

 5**

Pro-Gly 178 

 

±

 

 7.1** 200 

 

±

 

 11.0** 156 

 

±

 

 9.7** 70 

 

±

 

 4.3** 20 (a) –

Pro-Gly + Gly-Pro 147 

 

±

 

 4.3** – 170 

 

± 5.3** – – –

Saline (control) 100 ± 2.9 100 ± 1.8 100 ± 7.5 100 ± 4.0 0 (a) 100 ± 5

Oral administration, 1 mg/kg, once a day for 10 days, 2 h after last administration

Pro-Gly-Pro 112 ± 2.0* 132 ± 3.3** 330 ± 10** 70 ± 3.0** 60% rats sur-
vived (b)

48 ± 4.5*

Pro-Gly 127 ± 3.6** 125 ± 2.8* 211 ± 9.8** 70 ± 3.0** 91% rats sur-
vived (b)

68.4 ± 5*

c-Pro-Gly 116 ± 1.8 131 ± 3.0** 185 ± 4.7** 70 ± 3.0** – –

Saline (control) 100 ± 1.0 100 ± 0 100 ± 6.0 100 ± 4.1 100% rats sur-
vived (b)

100 ± 2.0

Intraperitoneal administration, 1 mg/kg, single, 1 h after administration

Pro-Gly-Pro 134 ± 3.4** 172 ± 8.8** 363 ± 9.0** 50 ± 2.5** 70 ± 4.0**

Pro-Gly 120 ± 1.0** 140 ± 4.1** 227 ± 11** 63 ± 5.9** 40 (a) 64 ± 5.7**

Pro-Gly + Gly-Pro 110 ± 3.8** 150 ± 5.0** 299 ± 12** 64 ± 4.5** – 82.5 ± 6.0*

Gly-Pro 123 ± 4.0** 141 ± 4.0** 320 ± 18** 64 ± 4.5** 89 ± 6.0

Pro + Gly 107 ± 3.0 100.3 ± 5.3 119 ± 12 72 ± 5.6** 91 ± 6.7

Saline (control) 100 ± 2.8 100 ± 3.3 100 ± 3.0 100 ± 1.0 100 (a) 100 ± 2.1

Note: Statistical indices were calculated relative to control (saline). Antithrombotic activity was determined by two methods: (a) from the
fresh thrombus weight (after Wessler); (b) from rat survival rate (test for thrombin generation in the bloodstream after intravenous
administration of the threshold dose of thromboplastin).
* p < 0.05; ** p < 0.01 (for Tables 1, 2).
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Pro-Gly-Pro have direct anticoagulant, fibrin depoly-
merizing, and antiplatelet effects considering that these
activities were very close in vitro and in vivo within 60
min after their intraperitoneal administration at the
doses specified (10–4–10–6 M). At the same time, almost
all studied peptides including Pro-Gly-Pro demon-
strated certain indirect effects in the bloodstream con-
sidering significantly higher plasma tissue plasminogen
activator activity in vivo (in particular, after intraperito-
neal administration) than in vitro. Semax demonstrated
no notable anticoagulant effects in vitro; while its in
vivo administration, particularly, intranasal, sharply
increased tissue plasminogen activator activity in the
bloodstream and decreased platelet aggregation, which
points to indirect mechanisms of its effect on hemo-
static parameters mediated by other systems.

Some speculations about the mechanisms of antico-
agulant effect of glyprolines can be drawn. On the one
hand, they have direct fibrin depolymerizing and anti-
coagulant effect; on the other hand, they induce endot-
helium-dependent tissue plasminogen activator release
from vascular endothelium into the bloodstream, which
indirectly increases enzyme fibrinolytic activity in the
bloodstream. According to our data, glyprolines are
suppressors of clotting factors such as factor XIIIa and
thrombin in vitro. Peptides KPGEPGPK and
KOGEOGPK (fragments of type III collagen) inhibited
thrombocyte aggregation using the TIIICBP receptor
(Karniguianet et al., 1983; Monnet et al., 2000; Farn-
dale, 2004). Tetrapeptide DGEA (from type I collagen)
also inhibited thrombocyte aggregation (Staatz et al.,
1991). The GLOGER and GASGER sequences proved
to bind the collagen receptor α2β1 (Ia/IIa, integrin, or
VLA-2) on thrombocytes and are potential antagonists
of their adhesion (Xu et al., 2000). Glyprolines with a
structure similar to KPGEPGPK and KOGEOGPK can
interact with different receptors on thrombocytes
including their collagen receptor glycoprotein VI,
which prevents their interaction with fibrinogen (Sil-
jander et al., 2004) and, thus, inhibits platelet aggrega-
tion.

Hence, anticoagulant effects of glyprolines can be
both direct and mediated by other body systems. A
detailed study of the receptor mechanisms of glyproline
action can later provide for their optimal and efficient

application against many diseases accompanied by
hypercoagulation and resulting in thromboses.

The next problem of the analysis of results of this
work is evaluation of possible practical application of
the studied glyprolines.

Outlooks of practical application of glyprolines.
Many cerebral, cardiovascular, etc. diseases demon-
strate abnormal regulatory interactions between the
coagulation and anticoagulation systems of the blood,
which substantiates the search for low molecular
weight drugs without side effects. Factors increasing
anticoagulant activity of the blood include, on the one
hand, inhibitors of the primary hemostasis, which is
important at the stages of the emergence and early
development of increased blood clotting and, on the
other hand, inhibitors of plasma hemostasis, namely,
the processes of thrombin synthesis, fibrin formation in
the bloodstream, and subsequent thrombus formation.

Table 2.  Dose-dependence of anticoagulant effects of glyprolines Pro-Gly-Pro and Pro-Gly after intravenous administration
(mean ± SEM) as against control (saline)

Activity
Pro-Gly-Pro, mg/kg Pro-Gly, mg/kg

0.2 1.0 1.5 0.2 1.0 1.5

Anticoagulant 105 ± 4.5 173 ± 3.2** 170 ± 3.3** 119 ± 1.8 140 ± 1.8** 186 ± 3.6** 

Fibrin-depolymerizing 143 ± 13.7* 170 ± 3.8** 180 ± 6.5** 127 ± 9.0* 400 ± 15.7** 179 ± 8.7** 

Tissue plasminogen activator 210 ± 12** 220 ± 12** 300 ± 14** 156 ± 22* 200 ± 11** 224 ± 12**

Anti-factor XIIIa 69 ± 3.3 ** 61 ± 3.1** 52 ± 1.7 ** 60 ± 4.5 ** 55 ± 2.2** 50 ± 1.1**

Note: Statistical indices were calculated relative to control.
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Numerous publications (Barker et al., 1992;
Dolgov, 1996; Ol’binskaya and Gofman, 2000;
Bokarev, 2003; Shennan, 2005; etc.) indicate that, since
thrombocytes are involved in processes promoting
pathological intravascular thrombus formation and ath-
erosclerosis, available therapeutic and preventive anti-
aggregants are antagonists of platelet functions, prevent
thrombosis, and decelerate atherosclerosis. Many anti-
aggregants increase the levels of cyclic adenosine
monophosphate (cAMP) and block various thromb-
ocyte receptors. Antiaggregants used in clinical prac-
tice can be divided by the mechanism of action (Ol’bin-
skaya and Gofman, 2000) into: (1) cyclooxygenase
inhibitors (aspirin, lysine acetylsalicylate, sulfinpyra-
zole, nonsteroid anti-inflammatory drugs ibuprofen,
naproxen, etc.); (2) inhibitors of thromboxane synthase
(dazoxiben and pirmagrel); (3) combined inhibitors of
thromboxane synthase and antagonists of thromboxane
receptors Ä2 and endoperoxides (ridogrel and picota-
mide); (4) polyunsaturated omega-3 fatty acids (eicos-
apentaenoic acid or eiconol and docosahexaenoic acid);
(5) blockers of glycoprotein complexes IIb/IIIa (mono-
clonal antibodies Centocor, oligopeptide tirofiban
(ML-383), or ticlopidine and clopidogrel); (6) modula-
tors of the adenylate cyclase–cAMP system (dipiri-
damol and prostacyclin); (7) modulators with unknown
mechanism of action (dextrans and suloctidil). Drugs
with pronounced antiplatelet effect include aspirin,
ticlopidine, clopidogrel, abciximab (Reopro), intergri-
lin (a synthetic cyclic RGD peptide), xemilofiban,
tirofiban, lamifiban, and dipiridamol. Other antiplatelet
drugs are secondary. At the same time, the major clini-
cal antiaggregants can induce hemorrhages, which lim-
its their application in hemorrhagic diathesis and gas-
tric ulcer.

Current antithrombotic drugs include low molecular
weight heparin, dermatan sulfate, chondroitin sulfate,
and acetylsalicylic acid. Acetylsalicylic acid is an effi-
cient antithrombotic drug due to its antiplatelet activity
alone (Shennan, 2005). Low molecular weight heparin
and dermatan sulfate (Hemker et al., 2005) are natural
antithrombotic factors; however, their effects are due
solely to the anticoagulant activity mediated by inhibi-
tion of factor Xa (low molecular weight heparin) or
thrombin (high molecular weight heparin and dermatan
sulfate). It is common knowledge that the best anti-
thrombotic drugs combine anticoagulant, antiplatelet,
and fibrinolytic activities and can inhibit certain blood
coagulation factors.

According to our data, glyprolines, semax, and
selank demonstrated combined anticoagulant, fibrin
depolymerizing, antiplatelet, and fibrin destabilizing
properties. Pro-Gly-Pro peptide was considered as the
best anticoagulant drug after single intraperitoneal or
intravenous administration, while Pro-Gly was best
after repeated intranasal administration. Optimal anti-
aggregants included Pro-Gly after single intravenous or
intraperitoneal and repeated oral administration, Pro-
Gly-Pro after single intraperitoneal and repeated intra-

nasal or oral administration as well as semax after intra-
nasal administration. Efficient factors increasing fibrin
depolymerizing activity included Pro-Gly after single
intravenous and repeated intranasal administration and
Pro-Gly-Pro after single intravenous or intraperitoneal
and repeated intranasal administration. The optimal
increase in the blood tissue plasminogen activator
activity was induced by repeated intranasal administra-
tion of semax, repeated intranasal and single intrave-
nous or intraperitoneal administration of Pro-Gly-Pro,
and single intravenous and intraperitoneal or repeated
oral administration of Pro-Gly.

Antithrombotic effect of the drugs was evaluated
using experimental models of prethrombosis and
thrombosis (Wessler test and test for thrombin genera-
tion in the bloodstream).

The best antithrombotic drugs included Pro-Gly-
Pro, Pro-Gly, and semax after intranasal administra-
tion; while Pro-Gly peptide demonstrated high anti-
thrombotic effect after administration by other routes,
oral and intraperitoneal.

Pathogenesis of coronary disease, cerebral stroke,
extremity gangrene, and other blood supply disorders
of organs and tissues is mediated by atherosclerotic
vascular dysfunction affecting the intimal integrity, dis-
balance between the coagulation and anticoagulation
systems of the blood, and abnormal rheological proper-
ties of the blood. These processes are particularly pro-
nounced in destabilized coronary flow (unstable angina
and myocardial infarction). The early platelet aggre-
gates induce microthrombus formation and affect coro-
nary flow (Bokarev, 2003). Chronic glomerulonephritis
is widely treated by antiaggregants dipiridamol, curan-
tyl, and persantin. Certain antiaggregant drugs are
assigned to patients in combination with anticoagulants
(heparin) (Meschengieser et al., 1997). At the same
time, treatment by antiaggregants together with antico-
agulants or by anticoagulants alone can have undesir-
able side effects in the case of overdosing such as
necroses, hematomas in the injection area, and hemor-
rhagic complications. In this context, application of
drugs combining both antiplatelet and anticoagulant
activities seems very promising. Among popular treat-
ment and preventive drugs, glyprolines have antiag-
gregant as well as anticoagulant and fibrin depolymer-
izing effects and demonstrate no side hemorrhagic
complications after overdosing, which we have experi-
mentally demonstrated. Accordingly, glyprolines are
promising drugs for patients with chronic glomerulone-
phritis, prosthetic mitral valve, coronary disease, unsta-
ble angina, myocardial infarction, and cerebrovascular
disorders including cerebral stroke, extremity gan-
grene, progressing diabetes and atherosclerosis. Since
increased anticoagulant activity after glyproline admin-
istration is not very high and cannot induce hemor-
rhagic diathesis, they can be used in patients with gas-
tritis, stomach ulcer, and gout. The proposed drugs can
be administered once intraperitoneally or repeatedly
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(once a day for 3–5 days) intranasally; in addition, Pro-
Gly can be repeatedly (once a day for 10 days) admin-
istered orally. In this case, the best experimental doses
for animals were 1 or 1.5 mg/kg. Possible improvement
of rheological properties of the blood and antithrom-
botic effect of glyprolines, particularly, Pro-Gly-Pro,
after oral or intranasal administration suggests it as the
primary candidate for clinical trials. Among proline-
containing peptides, semax is currently undergoing
clinical trials as a nootropic drug for the treatment of
cerebral circulation (Ashmarin et al., 1997, 2005).

Analysis of the obtained data suggests promising
application of glyprolines, semax, and selank to prevent
prethrombosis and thrombosis and, thus, substantiates
the clinical trials of these peptides as new antiplatelet,
anticoagulant, fibrin depolymerizing, and antithrom-
botic drugs.

CONCLUSIONS

The obtained and published data demonstrate differ-
ences in anticoagulant efficiency of glyprolines, selank,
and semax, which are primarily due to the inhibition of
different steps of blood coagulation in the body. Di- and
tripeptides Pro-Gly and Pro-Gly-Pro proved the most
universal among the studied peptides and demonstrated
anticoagulant effects after any route of administration:
single intravenous or intraperitoneal and repeated intra-
nasal or oral. The mechanism of their action can be both
direct and mediated by thrombocyte or endothelial
receptors. The data obtained demonstrated combined
anticoagulant, fibrin depolymerizing, antiplatelet, and
fibrin destabilizing properties of glyprolines, semax,
and selank. The best anticoagulants included Pro-Gly-
Pro after single intraperitoneal or intravenous adminis-
tration and Pro-Gly after repeated intranasal adminis-
tration. Pro-Gly after single intravenous or intraperito-
neal and repeated oral administration, Pro-Gly-Pro
after single intraperitoneal and repeated intranasal or
oral administration, and semax after intranasal admin-
istration were optimal antiaggregants. Efficient drugs
promoting plasma fibrin depolymerizing activity
included Pro-Gly after single intravenous and repeated
intranasal administration as well as Pro-Gly-Pro after
single intravenous or intraperitoneal and repeated intra-
nasal administration. The optimal increase in tissue
plasminogen activator activity was observed in the
bloodstream after repeated intranasal administration of
semax, repeated intranasal and single intravenous or
intraperitoneal administration of Pro-Gly-Pro, and sin-
gle intravenous or intraperitoneal and repeated oral
administration of Pro-Gly.

Experimental models of prethrombosis and throm-
boses allowed us to reveal high antithrombotic effect of
glyprolines and semax; in the case of intranasal admin-
istration, Pro-Gly-Pro, Pro-Gly, and semax were the
best antithrombotic drugs. Pro-Gly peptide also pre-
vented thromboses after different routes of administra-
tion—oral and intraperitoneal.

Since currently applied combinations of antiag-
gregants and anticoagulants can induce undesirable
side hemorrhagic effects after overdosing, application
of drugs combining both antiplatelet and anticoagulant
activities seems very promising. Glyprolines, semax,
and selank are beneficial in this respect: they have a
wide range of anticoagulant activities and their applica-
tion excludes side hemorrhagic complications after
overdosing. Accordingly, glyprolines can be success-
fully used to treat many cardiovascular, cerebral circu-
lation, and renal disorders, diabetes, atherosclerosis,
etc. The proposed drugs can be used to improve rheo-
logical properties of the blood after single intraperito-
neal and repeated intranasal or oral administration.

We also demonstrated that administration of glypro-
lines Pro-Gly-Pro, Pro-Gly, Phe-Pro-Gly to animals
with initially depressed ACS (models of prethrombosis,
thrombosis, development of insulin-dependent diabe-
tes, and organism aging) restores the functioning of the
anticoagulant system, normalizes the decreased antico-
agulant and fibrinolytic activities of the plasma as well
as increased levels of fibrinogen and factor XIII activity
in the blood.

Thus, glyprolines, semax, and selank (particularly
di- and tripeptides Pro-Gly and Pro-Gly-Pro), regulat-
ing the liquid state of the blood, can find wide applica-
tion in clinical treatment of thrombotic complications
and other disorders of blood coagulation.
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