RESEARCH ARTICLE Scientific and Practical Journal

PHARMACY &
ISSN 2307-9266 e-ISSN 2413-2241 PHARMACOLOGY

COMPLEX COMPOUND OF PRO-GLY-PRO-LEU WITH HEPARIN:
HYPOGLYCEMIC, FIBRINOLITIC AND ANTICOAGULANT
EFFECTS IN RATS WITH HYPERGLYCEMIA

T.Yu. Obergan?, N.F. Myasoedov?, M.E. Grigorjeva?, L.A. Lyapina?, T.A. Shubina?, L.A. Andreeva?

!Lomonosov Moscow State University, Faculty of Biology, Laboratory of protective blood systems
n. a. prof. B. A. Kudryashov,
1/12, Leninskiye gory, Moscow, Russia 119234

Z|nstitute of Molecular Genetics, Russian Academy of Sciences,
2, Kurchatov St., Moscow, Russia 123182

E-mail: tobergan@mail.ru

Received 20 September 2019  Review (1) 09 October 2019  Review (2) 15 October 2019 Accepted: 21 October 2019

Previously it was shown that the use of regulatory peptides of the glyprolin family helps to normalize the hemostasis system
and blood glucose levels in experimental resistant hyperglycemia in rats, similar to type 2 diabetes mellitus in humans. It is
also known that the anticoagulant heparin inhibits blood coagulation and exhibits a hypoglycemic effect in the body.

The aim of the study is to obtain a complex of the Pro-Gly-Pro-Leu (PGPL) peptide and the unfractionated heparin, to study
its effect on glucose and anticoagulant fibrinolytic properties and show its ability to restore the impaired functions of the
insular and coagulating blood systems in experimental hyperglycemia in rats.

Materials and Methods. Laboratory Wistar male rats, intact and with experimentally induced hyperglycemia, were used in
the experiment. A complex compound of PGPL and heparin was created with a component ratio of 1:1 (mol/mol), which was
administered intranasally to hyperglycemic rats once a day for 5 days at the dose of 1 mg/kg. Similarly, the constituent parts
of the complex were administrated in equivalent amounts. The anticoagulant activity was determined by the test of activated
partial thromboplastin time, fibrinolysis parameters — by tests of total, enzymatic and non-enzymatic fibrinolytic activities,
as well as the activity of a tissue plasminogen activator. In addition, blood glucose was measured using special test strips.
Results. The use of the PGPL-heparin complex in the animals with hyperglycemia led to normalization of blood glucose lev-
els, an increase in the anticoagulant and fibrinolytic background of blood plasma. These effects persisted for 6 days after the
cancellation of the peptide-heparin complex administration to rat.

Conclusion. In the development of experimental hyperglycemia, the PGPL complex with heparin exhibits a combined hypo-
glycemic, anticoagulant and fibrinolytic enzymatic and non-enzymatic nature of the effect. In the future, the studied pep-
tide-heparin complex can be used for the prevention and treatment of type 2 diabetes mellitus, complicated by increased
blood coagulation.
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PaHee nokasaHo, YTO MPUMEHEHNE PEryNATOPHbIX NeNTUA0B CEMENCTBA MMMPOMHOB CNOCOBCTBYET HOPMAIM3aLMK CUCTe-
Mbl FeMOCTa3a W YPOBHA [/IOKO3bl KPOBW NPU SKCNEPUMEHTAIbHOW CTOMKOM r’MNeprinkeMmm y Kpbic, NOA0H6HOM caxapHOMy
AvabeTy 2 Tvna y yenoBekKa. TakKe WU3BECTHO, YTO aHTUKOAryasaHT renapuH NoAaBNsfeT CBEPTbIBAHWME KPOBU U NPOABAAET
rMNOMIMKEMUYECKOE AeCTBME B OPraHM3Me.

Llenb uccneposanus. MonyunTte Komnaekc nentnaa Pro-Gly-Pro-Leu (PGPL) 1 HedpaKLMOHNPOBAHHOTO renapuHa, U3yumTb
€ro BAUAHWE Ha YPOBEHb III0KO3bl U aHTUKOAryNAHTHO-GUBPUHONUTUYECKME CBOWCTBA U NMOKa3aTb ero CrnocobHOCTb BOCCTa-
HaBAWBATb HapPYLUEeHHble GYHKLMN MHCYNAPHOW U CBEPTbIBAIOLLEN CUCTEM KPOBMU NPU IKCNEPUMEHTAIbHOMN TMNEPIIUKEMUN
Y KpbiC.

MaTepuanbl 1 meToabl. Mcnonb3oBanncb NabopaTopHble KPbICbl-Camubl AMHUKM Wistar, UHTAKTHbIE U C IKCMIEPUMEHTANbHO
BbI3BaHHOM runeprankemuneint. boino co3gaHo komnaekcHoe coeanHeHne PGPL 1 remapyHa npu COOTHOLEHUM KOMMOHEHTOB
1: 1 (Monb/Monb), KOTOPOE BBOAUAMN OAMH Pa3 B CYTKM B TeueHue 5 AHEN MHTPaHa3anbHO B fo3e 1 Mr/Kr runeprivkemuye-
CKMM Kpbicam. NMofobHbIM 06pa3om BBOAMIM COCTaBHbIE YAaCTU KOMMJEKCA B SKBUBANIEHTHbIX KoauvecTBax. Onpegensanm
QHTUKOATrYNIAHTHYIO aKTUBHOCTb MO TECTy aKTUBMPOBAHHOIO YaCTUYHOFO TPOMOOMNACTUHOBOrO BPEMEHM, NMapameTpbl Gpu-
H6pUHOAN3A NO TECTaM CYMMAPHON, GepMeHTAaTUBHOM U HepepMeHTaTUBHOM GUBPUHONUTUYECKOM aKTUBHOCTH, a TaKKe akK-
TUBHOCTW TKAaHEBOTO aKTMBATOPa NJa3MUHOreHa. Kpome Toro, NpoBoAMNOCH U3MEPEHUE YPOBHA INHOKO3bl KPOBMU C UCMO/b-
30BaHWEM CreLnasbHbIX TECT-MONOCOK.

Pe3ynbTathl. MpumeHeHne Komnnekca PGPL-renapuH y XMBOTHbIX C TMNEPrIKeMUEN NPUBOANIO K HOPMaM3aL MK YPOBHA
T/II0KO3bl KPOBMU, MOBbILEHWIO aHTUKOATYNAIHTHOTO U GUBPUHOAUTUYECKOTO GOHA NAa3Mbl KPOBU. ITU 3DDEKTLI COXPAHANUCH
B TeYeHue 6 gHel nocae NpekpaLleHns BBEAEHNA Kpbicam NENTUAHO-FeNapMHOBOIO KOMNNJ/IEKca.

3akntoyeHune. Komnnekc PGPL ¢ renapvHoM nposaBaseT KOMOUHUPOBAHHOE TMMNOIMKEMUYECKOE, aHTUKOAryNAHTHOE U du-
b6puHOAUTUYECKOE HEePMEHTATUBHOM N HedepPMEHTATUBHOM NPUPOAbI AeNCTBME MPU PA3BUTMUN SKCMEPUMEHTAIbHON rMnepr-
NMKemun. Uccnepyemblii NenTUAHO-TeNnapuHOBbIN KOMMAEKC B NEPCNEKTUBE MOMKET NPUMEHATLCA ANA NPOPUNAKTUKM U Ne-
YyeHus caxapHoro anabeTa 2 TMNa, OC/IOKHAOLLETOCS NOBbLILLEHHOM CBEPTLIBAEMOCTHIO KPOBMU.

KntoyeBble C10Ba: aHTUKOAryIsAHTHAs aKTUBHOCTb; YPOBEHb [HOKO3bl KPOBMW; KOMMIEKCHOE COeAMHEHWNE; GUBPUHONNS; K-

NPOANHOBbIE NENTUAbI; TMMEPIIUKEMUSA; CaxapHbIi guabeT 2 Tuna

INTRODUCTION

It is known that the incidence of type 2 diabetes
mellitus (insulin-independent, T2DM) is constantly
growing. Diabetes mellitus is a complex of physiological
dysfunctions characterized by a persistent increase in
blood glucose (hyperglycemia) due to insulin resistance,
insufficient secretion of insulin and excessive secretion
of glucagon into blood [1, 2]. Hyperglycemia and the de-
velopment of diabetes mellitus are usually accompanied
by anticoagulant system (ACS) dysfunction and hyperco-
agulation, which is manifested by increased platelet ag-
gregation and a decreased anticoagulant and fibrinolytic
blood activity [3, 4].
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There is evidence that amino acids such as arginine,
leucine play an important role in the prevention of dia-
betes mellitus. Leucine stimulates the production of in-
sulin by pancreas, which leads to normal blood glucose
levels in patients with diabetes mellitus [5, 6].

Short regulatory proline- and glycine-containing
peptides (glyprolines) are constantly produced in the
body during the synthesis and degradation of collagen
[7]. Some glyprolines (Arg-Pro-Gly-Pro, Gly-Pro-Arg, Leu-
Pro-Gly-Pro, Pro-Gly-Pro-Leu) exhibit a protective antidi-
abetogenic effect, meanwhile stabilizing hemostasis in
metabolic disorders.

It has been shown that repeated intranasal admin-
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istration of these peptides to rats with persistent hyper-
glycemia (similar to the initial stage of human T2DM)
was leading to positive changes in the insular and coagu-
lation systems of the body. At the same time, a decrease
in the glucose level, an increase in the anticoagulant and
fibrinolytic potential of plasma, as well as inhibition of
platelet aggregation in the animal blood plasma, have
been noted [3, 4, 8, 9].

One of the natural anticoagulants of the hemostatic
system — heparin, is a component of the internal environ-
ment of the body, which is synthesized by mast cells of the
liver, basophilic leukocytes and other cells. It belongs to
fast-acting anticoagulants, inhibits a thrombin-coagulating
activity, and also exhibits a hypoglycemic effect in the body.
Heparin is able to form complexes with amino acids and
peptides due to the presence (in its molecule) of structur-
al zones of binding to these ligands [10, 11]. It has been
experimentally shown that the administration of heparin
complexes with glyprolines to the animals led to an in-
crease in the anticoagulant, fibrinolytic and antithrombotic
activity of the blood [12, 13].

It has been established that intranasal administra-
tion of a complex of heparin with the peptide Arg-Pro-
Gly-Pro to the animals with hyperglycemia, increases the
anticoagulant properties of blood plasma, fibrinolytic
activity of an enzymatic and non-enzymatic nature, re-
duces platelet aggregation and protects rats from devel-
oping diabetes mellitus [13].

In this study, the hypoglycemic, anticoagulant and fi-
brinolytic effects of the complex compound Pro-Gly-Pro-
Leu (PGPL) with unfractionated heparin were studied.
That complex had been created and repeatedly admin-
istrated by intranasal way to the animals with persistent
hyperglycemia similar to T2DM in humans.

THE AIM of the study is to obtain a complex of the
Pro-Gly-Pro-Leu (PGPL) peptide and unfractionated hep-
arin, to study its effect on the level of glucose and on
the anticoagulant and fibrinolytic properties and show
its ability to restore the impaired functions of the insular
and coagulating blood systems in experimental hyper-
glycemia in rats.

MATERIALS AND METHODS

Obtaining the PGPL-heparin complex

In this study, unfractionated heparin (Serva, Ger-
many) was used. The PGPL peptide was synthesized at
the Institute of Molecular Genetics, Russian Academy of
Sciences (Moscow, Russia). A complex compound of this
peptide with heparin at the component ratio of 1: 1 (mol
/ mol) was created according to the previously described
protocol with some modifications [12].

Heparin and the PGPL peptide were dissolved in dis-
tilled water, mixed up and incubated for 1 h at 37° C,
pH 7.2. The reaction product was precipitated with 1%
acetic acid, pH 5.0-5.2, and centrifuged for 30 min. at
3000 x g. The precipitate was dissolved in 0.85% NaCl
(physiological saline), pH 7.2-7.4.
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Bond formation between heparin and peptide was
assessed by cross-sectional electrophoresis at 20° C in
0.053 M phosphate buffer, pH 7.0, with a potential gra-
dient of 7.3 w/cm for 2 hours. Then, the electrophore-
grams were stained with a 0.033% solution of Azur II,
which reveals the acid groups of heparin [12].

Animals, study design and drug administration

50 male Wistar rats (aged 10 months, weighing
320-350 g) were obtained from the Scientific Center for
Biomedical Technologies, Stolbovaya branch (Moscow,
Russia). The animals were kept in plastic cages under
standard vivarium conditions at the ambient tempera-
ture of 21-24°C, a 12-hour day/night cycle and a relative
humidity of 60 + 10% with free access to food and water
during the experiment.

All the experimental procedures were carried out
in accordance with the ethical principles for the use of
laboratory animals and were approved by the local eth-
ics committee (Institute of Molecular Genetics, Russian
Academy of Sciences, Moscow, Russia).

After a 10 days’ adaptation, all the animals were di-
vided into 5 groups, each of 10 rats (Fig. 1).

Group 1 — rats with hyperglycemia, treated with
0.85% saline.

Group 2 — rats with hyperglycemia treated with the
PGPL-heparin complex (1 mg/kg body weight).

Group 3 — rats with hyperglycemia treated with
PGPL (20 pg/kg body weight).

Group 4 —rats with hyperglycemia treated with hep-
arin (0.98 mg/kg body weight).

Group 5 consisted of healthy animals.

The preparations dissolved in a 0.85% sodium chlo-
ride solution (the PGPL-heparin complex compound,
PGPL peptide and heparin), were prepared daily before
the administration to the animals. The dose of the PG-
PL-heparin complex was selected on the basis of previ-
ous studies [13]. The doses of the components of the
complex, i.e. the PGPL peptide and heparin, were equiv-
alent to their content in the complex compound.

Experimental persistent hyperglycemia (HG) in the rats
of groups 1-4 was induced by a daily single intragastric ad-
ministration of a 40% glucose solution at the dose of 2.5
ml/kg body weight for 7 days, after which the rats of these
groups continued to be treated with a glucose solution
throughout the experiment. After the development of HG,
the rats of groups 2—4 were intranasally injected with the
studied drugs in the volume of 25 pul once a day for 5 days.
At the same time, the rats of the 1st and 5th groups were
treated with 0.85% NaCl as a placebo intranasally.

On the 22nd day of the experiment, 1 hour after
the last injection of the drugs, the blood was taken from
each animal for biochemical analyzes. At the end of
the experiment (Day 28), repeated blood sampling was
carried out 1 hour after the last glucose administration
against the background of the cancellation of the drug
administration.

Volume VI, Issue 5, 2019
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Figure 3 — Blood glucose level (mmol/l) on the 22nd day (1 hour after the 5th administration of drugs)
and on the 28th day of the experiment (6 days after the cancellation of drug administration)
Note: * P <0.05 and ** P <0.01- compared with the HG control (Group 1), # P <0.05 and ## P <0.01 — compared with healthy
animals (Group 5).
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Figure 4 — Anticoagulant activity of blood plasma (according to the APTT test) on the 22nd day
(1 hour after the 5th administration of drugs) and on the 28th day of the experiment
(6 days after the cancellation of the drug administration)
Note:* P <0.05 and ** P <0.01 — compared with the HG control (Group 1), # P <0.05 and ## P <0.01 — compared with healthy
animals (Group 5).
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Conducting biochemical analyzes

For the analysis, the blood was taken from the jug-
ular vein (vena jugularis), using 3.8% sodium citrate as
a preservative in the ratio of blood : preservative as 9:
1. In the whole blood, glucose concentration was deter-
mined by an Accutrend GC analyzer (Roche, Germany)
using special test strips. Then, the blood was centrifuged
at 2000 x g for 15 min at room temperature to obtain
platelet-poor plasma, in which an anticoagulant activi-
ty was assessed by the activated partial thromboplastin
time (aPTT) test on an ASK 2-01 blood coagulation ana-
lyzer (Russia); fibrinolysis indicators according to tests of
total (TFA), non-enzymatic (NFA) fibrinolytic activity on
unstabilized fibrin, enzymatic fibrinolytic activity (EFA)
and tissue plasminogen activator activity (PAA) in the
euglobulin plasma fraction on stabilized fibrin [14].

All the obtained data were statistically processed
and expressed as mean + SD (standard deviation). The
normality of the distribution was revealed by the Sha-
piro-Wilk test, the group differences were analyzed by
the method of one-way Analysis of Variants (ANOVA)
using the Newman-Keuls-test for multiple comparisons.
The values of P <0.05 were considered statistically sig-
nificant.

RESULTS

Preparation of the PGPL-Heparin Complex

The formation of a complex compound of the PGPL
peptide with heparin in a pure system has been estab-
lished. This compound was obtained with an optimal mo-
lar ratio of the components: 1: 1. The use of cross-elec-
trophoresis showed the interaction and the occurrence
of a chemical bond between the amino groups of the
PGPL peptide and the acid groups of heparin.

As Fig. 2 shows, when the solutions of heparin and
PGPL were perpendicular to the carrier with their fur-
ther migration in the electric field, the color of the acidic
carboxyl and sulfate groups of heparin (Azur Il dye) dis-
appeared at the meeting point of the substances.

Next, the hypoglycemic effect and the effect on the
hemostasis system of the PGPL-heparin complex com-
pound and its components — the PGPL peptide and hep-
arin in equivalent doses under conditions of persistent
GH in rats — were studied.

The effect of the PGPL-heparin complex

on blood glucose

On the 18th day of the experiment, after the induc-
tion of hyperglycemia, the blood glucose level in rats
with GH (group 1) was significantly higher than the one
in the healthy control (group 5) (6.25 * 0.35 mmol/L
versus 4.8 + 0.25 mmol/L, respectively; P < 0.01), which
amounted to 130%. The administration of the PGPL-hep-
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arin complex compound to the rats decreased this indi-
cator by 21% (4.96 £ 0.23 mmol/L; P <0.01). The admin-
istration of the complex components (PGPL or heparin)
had a weaker hypoglycemic effect, which led to a lower
decrease in blood glucose levels by 13 and 9%, respec-
tively (to 5.41 + 0.21 mmol/L with PGPL and 5.71 + 0.56
mmol/L with heparin; P <0.05).

On the 28th day of the experiment (6 days after the
treatment had been canceled), the blood glucose level
in the rats of group 1 continued to increase and amount-
ed to 179% relative to the healthy animals (group 5) (9.0
+0.42 mmol/L versus 5.02 + 0.32 mmol/L; P <0.01).

Meanwhile, the blood glucose level in group 2 rats
treated with the complex, was 5.8 + 0.72 mmol/L (P
<0.01), while the administration of both PGPL and hepa-
rin did not change this indicator (P> 0.05) (Fig. 3)

The effect of the PGPL-heparin complex

compound on the anticoagulant activity

of blood plasma by the APTT test

As Fig. 4 shows, on the 18th day of the experiment,
in rats with HG (group 1) the anticoagulant activity of
blood plasma was 27.6 + 6.32 sec., i.e. it had been re-
duced by 29% compared with healthy normal rats (P
<0.01). This conclusion confirms that in HG animals, the
procoagulant activity of blood increases 12 days after
the induction of HG.

In HG rats, after therapy by the complex and hepa-
rin, the anticoagulant activity significantly increased by
89% and 34%, respectively (52.2 + 7.58 sec. — group 2; P
<0.01 and 37.0 + 5.22 sec. — group 4; P <0.05), while the
PGPL administration did not changed the anticoagulant
activity of blood plasma in the rats (P> 0.05).

On the 28th day of the experiment, i.e. 6 days af-
ter the cancellation of the drug administration, the an-
ticoagulant blood activity significantly differed from the
control group (28.3 + 3.52 sec.) only in Group 2 after the
administration of the PGPL-heparin complex (44.9 + 5.01
s; P <0.01) by 58% (Fig. 4). The introduction of the com-
plex components (PGPL and heparin) did not lead to a
significant change in this parameter (P> 0.05).

The effect of the PGPL-heparin complex

compound on fibrinolytic activity

(TFA, NFA, EFA and PAA) of blood plasma

The carried out experiment showed that in rats with
GH (Group 1), the fibrinolytic activity of blood plasma
was inhibited in comparison with healthy animals of
Group 5 (Table 1). Thus, the indicators of TFA, NFA and
EFA in HG animals were reduced by 19, 28 and 32%,
respectively, compared with those in healthy rats (P
<0.05). In the rats of Group 1, PAA was also 36% lower
than in the rats of Group 5 (P <0.01).
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Table 1 - Fibrinolytic activity (mm?) of blood plasma of animals on the 22nd day
(1 hour after the 5th administration of drugs) and on the 28th day of the experiment
(6 days after the cancellation of the drug administration)

Groups of animals TFA NFA EFA PAA
1 hour after the 5th administration of drugs (22" day)
HG control (Group 1) 27.5 £ 5.05% 16.7 + 3.09% 52.7 £+11.3% 17.8 +6.51%
HG + complex (Group 2) 52.0 £ 10.1%**# 35.8 £ 6.29**# 89.3 + 8.54**# 49.4 £ 10.1** #
HG + PGPL (Group 3) 33.4+6.24* 21.8£3.99 71.5+5.25* 24.1 £ 4.43*
HG + heparin (Group 4) 31.8+4.78 19.4+4.6 68.7 £ 7.48* 27.3 £6.15**
Healthy (Group 5) 34.0 £ 5.98** 23.1+2.56* 77.5+12.4% 28.0 £ 7.2*%*

6 days after the cancellation of drug the administration (28th day)

HG control (Group 1) 28.7 +2.83" 17.3 £ 3.4# 37.1 +8.36" 9.4+3.61%
HG + complex (Group 2) 38.7 £5.22** 25.8 £2.86** 60.6 £ 4.9** 22.6 £ 4.38**
HG + PGPL (Group 3) 32.2+4.44 20.7 +3.74 452 +5.31%* 15.7  2.41*
HG + heparin (Group 4) 30.7 £ 6.27* 22.8+4.18 42.1 + 6.06" 12.5+4.6
Healthy (Group 5) 39.6 + 4.33** 25.0 £ 3.97** 65.8 + 5.05** 19.0 £ 5.33%*

Note: * P <0.05 and ** P <0.01 — compared with group 1 (HG control), # P <0.05 and ## P <0.01 — compared with group 5
(healthy rats). The data are presented as M + SD. TFA — Total fibrinolytic activity, NFA — Non-enzymatic fibrinolytic activity, EFA —
Enzymic fibrinolytic activity, PAA — t-Plasminogen activator activity.

After the intranasal administration of the PG-
PL-heparin complex, PGPL peptide and heparin, the
fibrinolytic activity of blood plasma in the rats with re-
sistant HG led to an increase of fibrinolysis in all types
(TFA, NFA, EFA, PAA), but to different extents. So, on
the 22nd day of the experiment, in rats of group 2
treated with the complex, these indicators increased
by 89, 115, 69 and 177% (P <0.01), respectively, com-
pared with the control group (Group 1). Under these
circumstances, fibrinolysis parameters exceeded those
in healthy animals (Group 5). At the same time, the use
of peptide led to a significant increase in TFA by 21%
(P <0.05), EFA — by 36% (P <0.05) and PAA — by 35% (P
<0.05) in the blood plasma of rats of group 3, but it did
not change NFA in comparison with the HG control (P>
0.05). The administration of heparin caused a signifi-
cant increase in EFA alone — by 30% (P <0.05) and PAA
— by 53% (P <0.01) in the rats of group 4 compared with
the control group.

On the 28th day of the experiment, in rats with GH
(group 1), areduced background of fibrinolysis remained:
TFA, NFA, EFA (P <0.01 in all cases) and PAA (P <0.05)
were significantly lower (by 27, 30, 44 and 51%, respec-
tively) than in healthy animals (Group 5). At the same
time, in group 2, even after the cancellation of the com-
plex administration, a statistically significant increase in
fibrinolytic activity was noted: TFA — by 35%, NFA — by
49%, EFA — by 63% and PAA — by 140% compared with
the HG control group (P < 0.01). These indicators corre-
sponded to the values of healthy control. In addition, in
group 3 (PGPL), there was a significant increase in only
EFA (by 22%, P <0.05) and PAA (by 67%, P <0.05). Under
these circumstances, in group 4, after the cancellation
of the heparin administration, there were no significant
differences in fibrinolytic activity compared with the HG
control (P> 0.05).
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DISCUSSION

Analyzing the obtained results, it should be noted
that the progression of diabetes mellitus is accompa-
nied by a suppression of inhibition of insular [15] and
anticoagulation systems. The depression of ACS is char-
acterized by increased platelet aggregation, a decreased
anticoagulant and fibrinolytic activity of plasma hemo-
stasis, which leads to an increase in blood thrombogenic
potential, and also often causes blood clots [8].

According to the literature data, in HG rats the sup-
pression of the ACS function is accompanied by an in-
crease in blood coagulability, a decrease in fibrinolysis,
and a significant increase in blood glucose levels [3, 4,
13]. A similar effect was observed in our model of exper-
imental hyperglycemia.

In this study, the effect of the PGPL-heparin complex
compound and its components — heparin and PGPL pep-
tide — on the hemostatic and insular systems in HG rats
was evaluated. It was shown that in the situation where
persistent hyperglycemia developed, the PGPL-heparin
complex had a protective effect on the functional state
of both the insular and hemostatic systems of the body,
which had been identified for the first time.

Both PGPL peptide and heparin in the doses equiva-
lent to their content in the complex, stimulated the anti-
coagulant and fibrinolytic activity of blood and lowered
glucose levels. It was established that the anticoagulant
effects of the complex exceeded the action of its con-
stituent parts: as a result of the activation of NFA and a
tissue plasminogen activator, TFA and anticoagulant ac-
tivities of the blood got increased in the blood plasma.
In addition, the effect of the PGPL-heparin complex was
prolonged, since it persisted 6 days after the cancellation
of its administration.

Previously, the effect of the peptides PG, PGP and
RPGP, heparin and their complex compounds were

305



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

evaluated in healthy and hyperglycemic rats. In the rats
treated with heparin intranasally, only an anticoagulant
activity increased, and when the peptides were admin-
istered, both anticoagulant and fibrinolytic properties of
the blood increased [12, 13, 16]. A repeated intranasal
administration of the PGPL peptide at the higher dose (1
mg/kg) than in the present study, to rats with persistent
GH, protected the body from the development of hyper-
coagulation. At the same time, there was an increase
in total and non-enzymatic fibrinolysis of the animals’
blood. Positive changes in the insulin and anticoagula-
tion systems were observed within 5 days after the can-
cellation of the peptide administration [9].

Considering the mechanism of the effect of the
complex on the normalization of blood glucose levels,
it can be assumed that the PGPL-heparin had this ef-
fect and prevented the development of T2DM due to
the presence of the amino acid leucine in its structure,
which stimulates the production of insulin, providing a
normoglycemic effect [6].

The mechanism of the anticoagulant effect of hepa-
rin is due to the blockade of the activity of thrombin and
other coagulant proteins [17]. At the same time, heparin
increased the activity of the tissue plasminogen activator,
which led to the increase of enzymatic fibrinolysis [10].

Some peptides are effective thrombin inhibitors that
have anticoagulant properties, can activate enzymatic fi-
brinolysis and prevent forming blood clots. It was estab-
lished that proline and glycine-containing peptides PG
and PGP can induce dissolution of the unstabilized fibrin
[16]. The presence of glyproline receptors on the endo-
thelium has not been established yet, but specific PGPL
binding sites on the cytoplasmic membrane of the rats’

brain basal nuclei have been reported [18]. Perhaps this
peptide, administered by the intranasal route, passes
through the blood-brain barrier, penetrating the struc-
tures of the brain and exerting its action through specific
receptors. According to the literature data [19, 20], as
well as according to the results of this study, individual
peptides are able of exerting a hypoglycemic effect and
inhibit the progression of T2DM.

CONCLUSION

The PGPL-heparin complex studied by the carried
out experiment, enhanced the hypoglycemic and anti-
coagulant effect of its constituent components, heparin
and peptide, due to its structural features. It prevented
the formation of fibrin due to the presence of its fibrinde-
polymerization activity, determined by its anticoagulant
effect on the thrombin activity. The appearance of both
PGPL and the complex in the bloodstream, stimulates
the release of the tissue plasminogen activator from the
vascular endothelium, which leads to an increase in the
enzymatic fibrinolytic properties of the blood, and the
effect of the complex is more effective. It has also been
shown that the complex significantly improves function-
ing of the insular system in hyperglycemic rats, and its
component heparin modulates the function of the anti-
coagulant system, participating in the prevention of the
hypercoagulation process that accompanies the devel-
opment of T2DM.

In the future, the obtained results on the model of
the rats with persistent hyperglycemia, may be applica-
ble in clinical practice for patients with type 2 diabetes
who are predisposed to the development of thrombotic
complications.
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