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Low-molecular-weight heparin (LMH) can inhibit activity of factor Xa [10] and it exhibits weak effects on
coagulability of the blood in tests characterizing total activity of factors VIII, IX, XI, and XII [6]. Although it has low
anticoagulant activity LMH does not possess a hemorrhagic action, but it is an effective antithromtobic agent. The
antithrombotic activity of LMH does not necessarily correlate with its high anticoagulant activity [11]. High-molecu-
lar-weight heparin, by contrast with LMH, basically inhibits factor Ila and exhibits weak antifactor Xa activity [16].
On the other hand it has been shown that several peptides, containing the amino acid sequence Pro-Arg-Arg-Glu
[12], exhibit anticoagulant activity. Peptides copied from the N-terminal region of the a-chain of fibrinogen, namely
-Glu-Pro-Arg-, have protective anticoagulant and antipolymerization activity [7].

Tuftsin, a regulatory peptide with the amino-acid sequence Thr-Lys-Pro-Arg stimulates immunogenesis,
influences behavioral reactions of animals [2, 4], and exhibits antipolymerization activity {3]. It can interact with
unfractionated heparin with the formation of a complex; in this complex electrostatic forces arise between the
heparin and tuftsin [8].

The aim of this investigation was to study complex formation of LMH with tuftsin, to obtain such a complex
and to study its effect on the anticoagulant and ﬁbrinolytic properties of the blood plasma in vitro and in vivo, after
its intravenous injection into animals.

EXPERIMENTAL METHOD

Preparations of LMH were obtained from "Celsus" (USA), and tuftsin from "Serva" (Germany).

Complex formation between tuftsin and heparin was monitored by crossed electrophoresis {14]. A complex
of tuftsin with heparin was obtained by the method [13}, with our slight modification with respect to proportions by
weight, namely 1:1, 1:3, and 3:1. The complexes obtained were freeze-dried and kept in the dry form at 20°C in an
exsiccator over CaCl,. In the experiments in vitro the effect of the LMH-tuftsin complex and its component parts in
equivalent amounts on the anticoagulant properties of normal rat plasma was studied in the activated partial throm-
boplastin time [15], thrombin time, and recalcification time tests by the usual method.

Experiments in vivo were carried out on 40 male albino rats weighing 180-200 g. The effect of the
LMH-tuftsin complex obtained with a proportion by weight of 3:1 on fibrinolytic and anticoagulant activity of rat
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TABLE 1. Effect of 0.1-0.01% Solutions of Low-Molecular-Weight Tuftsin Complex (LMH-T) on Some Parameters
of Blood Clotting and Fibrinolysis in Vitro (M = m, n = 10)

Concen-
Specimens tration | TFA, mm? NF, mm? RT, sec TT, sec
percent..
IMH-T complex with under-
mentioned ratio of components: . .
a)i:1l 0,1 43324 > 454 0% ** >5 min” >5 min*
' 0.01 30.75.5* 36,7 %%+ 32949* >5 min¥
b) 1:3 0.1 27,3+1% 26,7£3.4* >5 min® >5 min®
) 0.01 27,4+0,7* 25, 7+1% QIQiIO*‘ 129i/,a*
cj 3:t 0.1 44,340,3%** 3844, [ Hx* >5 mir’l:‘ ) mini:
Heparin in concentrations equiv- 001 380,77 38=x0.7* 43012 24114
alent to its content in complex
a) 0,1 2+2,3 0 >5 min® >5 min®
0.01 0 0 236419% :)?v_—_t/*
b) 0.1 0 0 >5 min® >5 min*
0,01 2,0+0,3 Q 126,546 39,gt4.,5f
c) 0,1 2423 0 >5 min® >5 min®
: 280+10* 2754 12*
Tuftsin in concentrations equiv- 0,01 0 0 =
“alent to its content in complex
a) 0,1 20414 172:0,3* - -
0,01 184+0,7* 1840,7* 201 23% 22445
) 0.1 22+41,0* 211,7* — —
b 0.01 200 20+ 0* 16210 2143
) 0.1 33,74+5* 30+5* — —
¢ 0,01 25+0* 2034 14749 21410
— 0 0 1487 21,110

Legend. Significance of differences p < 0.001; *) compared with NaCl control, **) compared with tuftsin.

TABLE 2. Total Fibrinolytic Activity (TFA), Nonenzymic Fibrinolysis (NF), Level of Plasminogen Activator (AP),
Thrombin Time (TT), and Recalcification Time (RT) in Rat Blood Plasma 10 min after Intravenous Injection of
LMH-Tuftsin Complex (3:1) and its Component Parts in Equivalent Doses (M = m, n = 10)

Experimental conditions TFA, mm? NF, mm? AP, mm? TT, sec RT, sec
Injection of 0.1% solution of IMH- ‘
tuftsin complex (0.4 ml/200 g) 5247.8% 31 41,5 3441.9* 424-79% 9684
Injection of 0.025% tuftsin solu- . _ c
tion (0.4 ml1/200 g) 44-0,3* 29+1,5% 2841.5* 18,5+2,0 102,5+123
Ii‘iﬁ°?é‘.’2 ;’5/36372? olution of 443,47 26205 27.42:2,1* 2638 10£10,5
Injection of 0.85% NaCl solution — 39416 2012 . 340 16.2+0,1 88,3+3,1

control (0.4 ml/200 g)

Legend. *p < 0.001 compared with corresponding tests of control with NaCl.

blood plasma was studied. Animals of group 1 received the complex in a dose of 0.4, those of groups 2 and 3
received low-molecular-weight heparin (0.3) and tuftsin (0.1 mg/200 g) in doses equivalent to their content in the
complex; animals of group 4 received 0.85% physiological saline. Solutions were injected intravenously.

Blood was taken from the animals’ jugular vein 10 min after a single injection of the complex and of its
components. A 3.8% solution of sodium citrate was used as the preservative for the blood.
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Total fibrinolytic activity (TFA), nonenzymic fibrinolysis (NF) on unstabilized fibrin plates by the method of
Kudryashov and co-workers [5], fibrinogen concentration by the method in [1], activity of plasminogen activator [9],
and anticoagulant properties according to the thrombin time and recalcification time, by the usual method, were
determined in blood plasma.

The numerical results were subjected to statistical analysis by the Fisher—Student method.

EXPERIMENTAL RESULTS

The first step was to determine that complex formation had taken place between tuftsin and LMH, by means
of the crossed electrophoresis method. At the point of intersection of tuftsin and LMH during their movement in an
electric field, staining for acid sulfate or carboxyl groups of heparin disappeared, evidence that the acid evolved in its
interaction with tuftsin.

LMH-tuftsin complexes obtained with different relative weights of their components (1:1, 1:3, and 3:1)
exhibited different anticoagulant and fibrinolytic properties in vitro also.

As Table 1 shows, the highest TFA and NF activity was possessed by the complex obtained with LMH and
tuftsin in the ratio of 3:1. Under these circumstances zones of lysis of 0.1% solutions reached 44-45, and of 0.01%
solutions of the complex — 36-38 mm?.

It will be clear from Table 1 that the highest TFA and NF activity was possessed by the complex obtained
with LMH and tuftsin in the ratio of 3:1. Zones of lysis of 0.1% solutions of the complex reached 44-45 mm?, and
with 0.01% solutions of the complex — 36-38 mm?. Tufisin in a dose equivalent to its content in the complex caused
lysis of unstabilized fibrin both in the presence of 0.85% NaCl solution (zones of lysis not less than 33 mm?) and in
the presence of 3% e-aminocaproic acid (zones of lysis 30 mm?), an inhibitor of enzymic fibrinolysis. Heparin in a
dose equivalent to the complex revealed no zones of lysis. However, both heparin and the LMH-tuftsin complex, in
the ratio indicated above, exhibited quite high anticoagulant activity. When a 0.1% solution of the complex and
0.075% heparin were used, clot formation did not occur during more than 5 min, as shown by the recalcification time
and thrombin time tests. Only with the test preparations in a concentration 10 times less, did heparin possess higher
anticoagulant activity in the thrombin test (antifactor Ila activity) than the complex; by the recalcification time test
the opposite picture was found: the LMH-tuftsin complex had activity 1.8 times greater than the equivalent dose of
heparin. Tuftsin in an equivalent concentration (2.5 #g/ml) had virtually no effect on the anticoagulant properties of
plasma in vitro.

It follows from the results obtained by the study of the anticoagulant properties of the LMH-tuftsin complex
(with all three different ratios of LMH to tuftsin) that all these complexes possessed anticoagulant activity in all the
tests used, and their activity was 1.5-4 times greater than that of the equivalent dose of heparin.

The investigation showed that tuftsin also had an anticoagulant action, but only in doses equivalent to its
content in the LMH-tuftsin complex, obtained in the ratio of 1:1 and 3:1, and only by the recalcification time test. It
was shown that tuftsin, in all concentrations studied, showed ability to dissolve unstabilized fibrin, but to a rather
lesser degree than the complexes.

Since the highest monenzymic fibrinolytic and anticoagulant activity was possessed by the LMH-tuftsin
complex obtained in the ratio of 3:1, this complex was used subsequently in experiments on animals. An increase in
the anticoagulant properties of the blood plasma by the thrombin time test by 2.6 times, an increase in plasminogen
activator activity by more than 10 times, and an increase in TFA and NF of the plasma by 1.6-1.55 times compared
with the same parameters in control animals receiving NaCl (Table 2) were established 10 min after a single intrave-
nous injection of 0.1% solution of the complex in a volume of 0.4 ml/200 g body weight.
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As Table 2 shows, 10 min after injection of tuftsin in a dose equivalent to its content in the complex, an
increase of TFA and NF of the rat plasma by 1.34 and 1.45 times respectively and the appearance of plasminogen
activator in the rat plasma (zones of lysis were increased by 9 times) compared with the same parameters in control
rats receiving 0.85% NaCl solution were observed. Under these circumstances, a slight increase in anticoagulant
activity was observed in the plasma of rats receiving the above dose of tuftsin. Injection of LMH in a dose equivalent
to that in the complex led to some increase in the anticoagulant properties of the plasma 10 min after injection, as
shown by an increase in the thrombin time from 16.2 (control) to 26 sec, and the recalcification time from 88.3
(control) to 110 sec. Incidentally, both after injection of tuftsin and after intravenous injection of LMH, plasminogen
activator was found in the blood along with an increase in TFA and NF of the plasma by 1.37 and 1.25 times
respectively, compared with the same parameters in the control rats receiving physiological saline.

It can thus be concluded from the results of this investigation that the immunopeptide tuftsin possessed
fibrinolytic and anticoagulant activity both in vitro and in vivo, and in the form of a complex with low-molecu-
lar-weight heparin, these activities were intensified several times. The complex of low-molecular-weight heparin with
tuftsin obtained with the components in the ratio by weight of 3:1 possessed the highest nonenzymic fibrinolytic and
anticoagulant effects.

This complex can evidently prevent thrombus formation when threatened, and this is a matter for further

study.
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