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ANTITROMBOTIC ACTIVITY OF A NEW BENZIMIDAZOLE  
DERIVATIVE WITH A SPATIALLY DIFFICULT PHENOLIC  
SUBSTITUTE IN ITS STRUCTURE
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The aim of the study was to investigate antithrombogenic properties of compound RU-1144 with previously identified pro-
nounced antiplatelet and antioxidant activities. The thrombosis induced by Ferric chloride (FeCl3) was carried out in rats’ 
carotid artery, in comparison with the known antiaggregant drugs – acetylsalicylic acid (ASA) and clopidogrel, as well as with 
the antioxidant preparation – ethylmethylhydroxypyridine succinate (EMHPS).
Materials and methods. The antithrombotic activity of compound RU-1144 was studied on the model of the rats with carotid 
artery thrombosis, induced by the application of 50% ferric chloride (FeCl3), and the Global Thrombosis Test model (the Görög 
Thrombosis Test). The evaluation of this type of activity was carried out by prolonging the time of a blood clot formation. 
The studies of the compound RU-1144 effect on the bleeding time parameter were performed in mice. Acetylsalicylic acid, 
clopidogrel and EMHPS were used as reference drugs.
Results. The antithrombotic effect of the RU-1144 substance revealed in the model of arterial thrombosis induced by the 
application of ferric chloride (FeCl3), exceeded that of both acetylsalicylic acid and clopidogrel by 3.5 times and that of EMHPS 
by 2.9 times. In the model of the in vitro Global Thrombosis Test (the Görög Thrombosis Test), compound RU-1144 reduced 
the thrombogenic potential of the blood equally with acetylsalicylic acid and clopidogrel. The assessment of “the bleeding 
time”, caused by the RU-1144 substance, showed that the prolongation of bleeding was twice as less pronounced than that 
caused by ASA and clopidogrel.
Conclusion. The performed studies demonstrated a pronounced antithrombotic activity of compound RU-1144, which ex-
ceeded that of acetylsalicylic acid, clopidogrel and EMHPS, while the ability to prolong the bleeding time was reliably lower 
than that of reference drugs.
Keywords: antithrombotic activity, thrombosis, benzimidazole, ASA, clopidogrel, ethylmethylhydroxypyridine succinate, the 
Görög Thrombosis Test, bleeding time
Abbreviations: EMHPS – ethylmethylhydroxypyridine succinate; ASA – acetylsalicylic acid.
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INTRODUCTION
Cardiovascular diseases are currently the leading 

cause of global disability and mortality worldwide [1–3]. 
According to the World Health Organization, by 2030, 
more than 20 million deaths per year from the diseases 
associated with an increase in blood thrombogenic po-
tential, will have been registered. Among them there is 
a coronary heart disease, a stroke, impaired peripheral 
circulation, complications of diabetes mellitus, there-
fore, antiplatelet therapy is an important component in 
various areas of clinical practice [4].

It is known that an atherosclerotic plaque causes 
narrowing of the vessel section and, as a result, when 
the bloodstream passes through this place, turbulent ac-
celerations occur. In their turn, they affect blood corpus-
cles primarily erythrocytes and thrombocytes, increas-
ing their aggregation ability. In addition to the formed 
elements, the vessel wall is exposed, which results in 
the endothelium damage. There is also the possibility of 
collagen fibers to come into contact with thrombocytes, 
followed by their adhesion to the damaged surface, acti-
vation, aggregation, and thrombus formation [5].

Thus, the activation of the platelet element of he-
mostasis, can become a cause of complications on be-
half of the cardiovascular system, i. e. the formation of 
arterial thromboses [1]. Besides, an important role in 
the pathogenesis of thrombus formation is played by the 
activation of lipid peroxidation processes, the enhance-
ment of which causes an increase in the thrombocyte 
aggregation and the coagulation element of hemostasis 
[6, 10]. This concept is the theoretical justification for 
the use of antioxidant agents as an additional pathoge-
netic therapy of arterial thromboses. Thus, timely and 
correct preventive measures aimed at inhibiting throm-
bocyte aggregation and lipid peroxidation, can prevent 
premature deaths, increase life expectancy, improve its 
quality, and reduce the economic costs of society for pa-
tients’ treatment and rehabilitation [7–9].

Цель – изучение антитромбогенных свойств соединения РУ-1144 с ранее выявленной выраженной антиагрегантной 
и антиоксидантной активностью, на модели артериального тромбоза сонной артерии крыс, индуцированного хлори-
дом железа (III), в сравнении с известными антиагрегантными препаратами – ацетилсалициловой кислотой и клопи-
догрелом, а также антиоксидантным препаратом – этилметилгидроксипиридина сукцинат.
Материалы и методы. Антитромботическая активность соединения РУ-1144 была изучена на модели артериального 
тромбоза сонной артерии крыс, вызванного аппликацией 50% хлорида железа (III) и модели Global Thrombosis Test 
(по Горогу). Оценку данного вида активности производили по удлинению времени образования тромба. Исследова-
ния влияния соединения РУ-1144 на параметр времени кровотечения проводили на мышах. В качестве препаратов 
сравнения использовали ацетилсалициловую кислоту, клопидогрел и ЭМГПС.
Результаты. Выявленное на модели артериального тромбоза, индуцированного аппликацией хлорида железа (III), 
антитромботическое действие субстанции РУ-1144, превосходило таковое как у ацетилсалициловой кислоты, так и 
у клопидогрела в 3,5 раза, и в 2,9 раза – у ЭМГПС. На модели Global Thrombosis Test (тест Горога) in vitro соединение 
РУ-1144 снижало тромбогенный потенциал крови в равной степени с ацетилсалициловой кислотой и клопидогрелом. 
При оценивании «времени кровотечения» вещество РУ-1144 пролонгировало кровотечение в среднем в 2 раза менее 
выражено, чем АСК и клопидогрел.
Заключение. Проведенные исследования продемонстрировали у соединения РУ-1144 выраженную антитромботи-
ческую активность, превышающую таковую у ацетилсалициловой кислоты, клопидогрела и ЭМГПС, при этом способ-
ность удлинять время кровотечения была достоверно ниже, чем у препаратов сравнения.
Ключевые слова: антитромботическая активность, тромбоз, бензимидазол, АСК, клопидогрел, этилметилгидрокси-
пиридина сукцинат, тромбоз по Горогу, время кровотечения
Сокращения: ЭМГПС – этилметилгидроксипиридина сукцинат; АСК – ацетилсалициловая кислота.

In the course of the previous studies, among het-
erocyclic compounds, the substances exhibiting antiag-
gregant and antioxidant properties, had been identified 
[11–13]. The compound under code RU-1144 (1-(2,6-dit-
retbutyl-4-(1-hydroxyethyl)-phenyl-pyrimidobenzim-
idazole hydrochloride) can inhibit thrombocyte aggre-
gation and lipid peroxidation, exceeding the reference 
drugs – acetylsalicylic acid, clopidogrel and ethylmethyl-
hydroxypyridine succinate [31]. There are various meth-
ods for studying these types of activity [15, 16]. How-
ever, the most common is the study of antithrombotic 
properties in the models of arterial thromboses.

Therefore, the aim of the study was a comparative 
investigation of the antithrombotic activities of com-
pound RU-1144 and antiaggregant drugs with a high evi-
dence base – acetylsalicylic acid and clopidogrel, as well 
as the antioxidant agent EMGPS in the model of carotid 
arterial thromboses in rats, as well as in the model of the 
Global Thrombosis Test (the Görög Thrombosis Test) and 
their effect on “the bleeding time” parameters.

MATERIALS AND METHODS
Animals
The experiments were performed in 108 nonlinear 

white male rats weighing 250–300 g and 24 white mon-
grel male mice weighing 20–22 g, kept under vivarium 
conditions (the temperature of 22–24 °C, the relative 
humidity of 40–50%) with natural light on a standard 
diet (GOST R 50258-92). All the animals were obtained 
from the nursery of the Research Center for Biomedical 
Technologies, Ltd. The animals were kept under stan-
dard conditions in accordance with the Decree of the 
Chief State Sanitary Doctor of the Russian Federation 
No. 51 dated 29.08.2014, “On approval of SP 2.2.1.3218-
14 “Sanitary and epidemiological requirements for the 
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design, equipment and maintenance of experimental 
biological clinics (vivariums)”. All the animals (rats and 
mice) were quarantined for 14 days in separate vivarium 
boxes of the FSBEI HE of Volgograd State Medical Uni-
versity of the Ministry of Health of Russia. During the 
quarantine, the body weight of the animals was mea-
sured more than twice (on the 1st and the 14th days). The 
clinical condition was monitored in the groups every day 
by visual inspection. The animals with deviations found 
out during the examination, were excluded from the ex-
perimental groups. During the study, all the procedures 
with the animals were carried out in accordance with 
generally accepted ethical standards for the treatment 
of animals adopted by the European Convention for the 
Protection of Vertebrate Animals used for experimental 
and other scientific purposes (1986) and considering the 
International Recommendations of the European Con-
vention for the Protection of Vertebrate Animals used 
in experimental research (1997). All the procedures with 
the animals were performed in accordance with the 
standards, outlined in the eighth edition of the Guide for 
the Care and Use of Laboratory Animals and ARRIVE (An-
imal Research: Reporting of In Vivo Experiments). The 
experimental study was approved by the Regional Re-
search Ethics Committee of the Volgograd Region, proto-
col No. 2083-2016, dated November 18, 2016. This study 
was carried out in accordance with the requirements of 
the “Guidelines for the Preclinical Studies of Medicines” 
[15].

Study design
An experimental study of the antithrombotic activi-

ty of the benzimidazole derivative under code RU-1144 
(1-(2,6-ditretbutyl-4-(1-hydroxyethyl)-phenyl-pyrimi-
dobenzimidazole hydrochloride) (Scientific Research 
Institute of Physicochemical Physics of Southern Feder-
al University), which has a spatially hindered phenolic 
substituent in its structure, has been carried out. Well 
known antiaggregant agents with a high evidence of ac-
tivities – acetylsalicylic acid (Sigma, USA) and clopidogrel 
(Sanofi, France), and an antioxidant agent – ethylmeth-
ylhydroxypyridinesuccinate (EMGPS ®, Pharmasoft LLC, 
Russia) [16] – had been chosen as reference drugs. Com-
pound RU-1144 and reference drugs were administered 
intragastrically with the help of an intragastric tube.

As a solvent, purified distilled water was used. The 
antithrombotic activities of compound RU-1144 and ref-
erence drugs were studied in the model of rats’ carotid 
arterial thromboses caused by the surface application of 
a 50% solution of ferric chloride (FeCl3). The studied sub-
stances were administered to rats intragastrically once, 
2 hours before the application of a thrombotic agent to 
the carotid artery of the animals [17]. 30 minutes before 

the start of the experimental arterial thromboses, the 
rats were intraperitoneally anaesthetized with chloral-
hydrate (400 mg/kg). After the onset of anaesthesia, the 
skin and tissues were opened in layers, highlighting the 
carotid artery. A cotton pad moistened with a 50% solu-
tion of ferric chloride (FeCl3) (0.025 ml) was placed on a 
small area of the carotid artery. The surrounding tissues 
were isolated with the help of a special “Parafilm” film. 
To record the changes in the blood flow, a Minimax-Dop-
pler-K ultrasound dopplerograph (Minimax, St. Peters-
burg) was used. The ultrasound probe of the apparatus 
was installed at a small distance from the cotton pad, 
placed on the carotid artery. The blood flow was record-
ed till the complete occlusion of the vessel. 

Compound RU-1144 and the reference drugs were 
studied at the doses of an equimolar dose of 19 mg/kg 
of acetylsalicylic acid (a pharmacologically active dose 
obtained in the model of ADP-induced rat aggregation 
in an in vivo test). For the test substance RU-1144, this 
dose was 48 mg/kg, and for the reference drugs of clopi-
dogrel and EMHPS it was 32 and 28 mg/kg, respective-
ly). In order to determine the ED50 depending on the 
manifested antithrombotic effect, (the dose at which 
the studied compounds increase the time of the onset 
of the complete vessel occlusion by a thrombus to the 
control by 50%), the studied doses of the substances and 
the reference drugs were either increased or decreased. 
Compound RU-1144 was also studied at the doses of 24 
and 12 mg/kg, ASA – at 100 and 150 mg/kg, clopidogrel 
– at 60; 120 and 180 mg/kg, and the comparison drug 
EMGPS was studied at the doses of 150 and 100 mg/kg, 
respectively.

The antithrombotic activity of compound RU-1144 was 
investigated using the Global Thrombosis Test in vitro with 
the ex vivo study of the biological material after a sin-
gle intragastric administration at the dose of 18.8 mg/kg 
(a pharmacologically active dose obtained in the model 
of ADP-induced thrombocyte aggregation in rats in the 
in vivo test) [18]. The reference drugs – acetylsalicylic 
acid and clopidogrel – were studied at the doses of 28.5 
and 13.8 mg/kg, respectively. 2 hours after the admin-
istration of the test compounds, the blood was drawn 
from the abdominal aorta with a 5 ml syringe containing  
20 μM of ADP thrombocyte aggregation inducer. The an-
imals had been pre-anaesthetized with chloral hydrate 
(400 mg/kg, intraperitoneally). The resulting blood was 
immediately placed in a special Görög tube without any 
addition of stabilizers and preservatives. The main cri-
teria for evaluating the antithrombotic effect of the test 
compound and reference drugs were indicators of the 
occlusion time and the lysis time, the analysis of which 
was carried out using the GTT Draw 2.3 software.

In order to determine the undesirable effect of the 
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antiaggregant drugs, “the bleeding time in mice” mod-
el was used [19]. To reproduce this model, the animals 
were preliminarily anaesthetized using chloral hydrate 
at the dose of 400 mg/kg. After that 5 mm of the tip of 
the tail was cut off, then placed in a test tube with phys-
iological saline in a water bath (37 °C). 

To evaluate the effect, the time expressed in sec-
onds, from the moment of cutting off the tip of the 
tail to the moment the bleeding stopped complete-
ly, was recorded. According to the effect on this pa-
rameter, compound RU-1144 was studied at the dose  
of 18.8 mg/kg and the reference drugs ASA and clopido-
grel – at the doses of 28.5 and 13.8 mg/kg, respectively. 
The administration of the studied compounds was car-
ried out 2 hours before the start of the experiment.

The groups of the control animals were given pu-
rified distilled water as a single dose in the equivalent 
volume intragastrically.

Statistical processing of results
Statistical processing of the experimental data was 

carried out using the Mann-Whitney criterion, the one-
way ANOVA criterion with Bonferroni correction using 
the GraphPad Prism 5.0 statistical software package 
(“GraphPad”, USA) and Microsoft Excel 2007 (Microsoft, 
USA).

RESULTS
In the course of the arterial thrombosis study, the 

data indicating the presence of antithrombotic prop-
erties of the test substance and reference drugs, were 
obtained.

The average time of the carotid artery occlusion of 
the control group animals, was 19.4±1.5 min. (Table 1), 
which is consistent with the published data [23, 26].

Compound RU-1144 at the dose of 48 mg/kg, reli-
ably prolonged the time of the carotid artery complete 
occlusion to 31.4 minutes, which was 61.1% reliably 
higher than this indicator in the control group animals. 
With a further decrease of the test compound dose to 
24 mg/kg, the time of thrombus formation also reli-
ably decreased and amounted to 27 minutes. A further 
dose reduction to 12 mg/kg, reliably prolonged the on-
set of the carotid artery complete occlusion by 14.1%  
(Table 1).

At the dose of 19 mg/kg, ASA unreliably with re-
spect to the control, prolonged the time of thrombus 
formation by 6.4%. Therefore, in the further study, the 
doses of acetylsalicylic acid were increased to 100 and 
150 mg/kg. At the same time, at the dose of 100 mg/
kg, the reference drug increased the time of the onset 
of the carotid artery complete occlusion by 29.5%, and 
at the dose of 150 mg/kg – by 58.5%. Thus, an increase 

of the dose of acetylsalicylic acid increased the studied 
parameter by 58.5% (Table 1).

At the dose of 32 mg/kg, clopidogrel reliably ex-
tended the thrombosis time by 9.0% compared with the 
control group animals. A further increase of the dose to 
60 mg/kg and then to 120 and 180 mg/kg, led to an in-
crease in time till the complete occlusion of the carotid 
artery by 21.8, 34.6 and 65.4%, respectively (Table 1).

At the dose of 28 mg/kg, EMHPS increased the on-
set time of the rats’ carotid artery complete occlusion 
by 8.11%. The increase of the drug doses to 100 and  
150 mg/kg, led to the prolongation of this indicator by 
41.03 and 75.21%, respectively.

Based on the obtained data, ED50 antithrombotic ac-
tivities of compound RU-1144 and reference drugs were 
calculated. So, for the tested RU-1144 sample, this value 
was 37.8 mg/kg, for acetylsalicylic acid – 133.0 mg/kg, 
and for clopidogrel and EMHPS – 132.0 and 108.4 mg/kg,  
respectively. Thus, in terms of ED50 antithrombotic activ-
ities, RU-1144 compound exceeded the antiaggregant 
drugs – acetylsalicylic acid and clopidogrel – by 3.52 and 
3.49 times, respectively, and the antioxidant agent EM-
HPS – by 2.87 times.

At the next stage, the antithrombotic activities of 
compound RU-1144 and the reference drugs of ASA and 
clopidogrel, were studied in the Global Thrombosis Test 
model (the Görög Thrombosis Test). When performing 
this experiment in the control group of the animals, the 
onset of the complete occlusion in the test system was 
95.2 seconds (Table 2). The study of the biological ma-
terial of the animals administered intragastrically with 
compound RU-1144, showed a statistically reliable in-
crease in the time of the complete occlusion onset by 
37% compared with the values obtained in the control 
group, and amounted to 130.5 seconds. At the same 
time, the test compound unreliably increased the lysis 
time relative to the control (Table 2).

The reference drug ASA, studied at the dose of 28.5 
mg/kg, also reliably led to the prolongation of the com-
plete occlusion time in the test system, while this indica-
tor was 1.2 times higher than that of the control group 
animals, though not affecting the lysis clot time.

In the group of the animals treated with clopidogrel, 
the occlusion time was 57.6% longer than in the control 
group, but the lysis time was comparable to the values 
obtained in the control group animals (Table 2).

Thus, the results of the study obtained in this mod-
el, showed that the greatest antithrombotic effect was 
demonstrated by the reference drug clopidogrel, which, 
in the studied dose, increased the occlusion time of the 
test system by 1.7 times, unreliably exceeding compound 
RU-1144 and reliably exceeding acetylsalicylic acid by 1, 
3 times. The studied compounds have shown no effect 
on the rate of lysis either.

DOI: 10.19163/2307-9266-2020-8-2-78-85
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Table 1 – The effect of compound RU-1144, ASA, clopidogrel and EMHPS on the complete occlusion time of rats’ 
carotid artery in the model of arterial thromboses induced by the application of ferric chloride (FeCl3) (M±m, n=6)

No. in 
sequence Tested samples Dose, mg/kg Thrombus formation 

time, min
∆% of prolonging throm-

bus formation time ED50, mg/kg

1 Control 19.4±1.5

2 RU-1144
12 22.3±0.7* 14.1±3.6*

37.824 27.0±0.6* 38.5±2.8*
48 31.4±1.0* 61.1±5.4*

3 АSA
19 20.8±0.3* 6.4±1.6*

133.0100 25.3±0.5* 29.5±2.5*
150 30.9±0.3* 58.5±1.4*

4 Clopidogrel

32 21.3±0.3* 9.0±1.3*

132.0
60 23.8±0.3* 21.8±1.6*

120 25.8±0.4* 34.6±1.3*
180 32.3±0.4* 65.4±2.2*

5 EMHPS
28 21.1±0.3* 8.1±1.6*

108.4100 27.5±0.6* 41.0±2.9*
150 34.2±0.8* 75.2±4.3*

Notes:
n – the number of the animals in the group;
*– the data relative to the control (the Mann-Whitney test, p≤0.05).

Table 2 – Antithrombotic activities of compound RU-1144 and reference drugs – ASA and clopidogrel –  
in the model of the ex vivo Global Thrombosis Test (the Görög Thrombosis Test) (M±m, n=6)

No. in 
sequence Tested samples Dose, mg/kg Occlusion time, sec Lysis time, sec

1 Control – 95.2 ± 1.4 635.2 ± 29.0
2 RU-1144 18.8 130.5 ± 7.8* 711.2 ± 39.4
3 АSA 28.5 117.5 ± 4.1* 629.3 ± 15.7
4 Clopidogrel 13.8 150.0 ± 4.0* 631.5 ± 17.1

Notes:
n – the number of the animals in the group;
* – the data reliable relative to the control (the Mann-Whitney test, p<0.05).

Table 3 – The effects of compound RU-1144 and reference drugs on the time of bleeding from the mice’s tail 
veins, at the doses of ED50 antiaggregant activity in vivo (M±m, n=6)

No. in 
sequence Tested samples Dose, mg/kg Bleeding time, sec Δ% of prolonging thrombus 

formation time
1 Control 349.3 ± 7.2
2 RU-1144 18.8 445.5 ± 10.5*# 27.5 ± 3.0*#

3 АSA 28.5 583.9 ± 9.1* 67.2 ± 2.6*

4 Clopidogrel 13.8 566.0 ± 10.0* 62.0 ± 2.9*

Notes:
n – the number of the animals in the group;
the data reliable relative to the control, one-way ANOVA criterion with Bonferroni correction (p<0.05);
# – the data reliable relative to the reference drugs, one-way ANOVA criterion with Bonferroni correction (p <0.05).

Table 4. Antiaggregant activities of compound RU-1144 and reference drugs in in vitro (IC50)  
and in vivo (ED50) studies

No. in 
sequence Tested samples IC50, µМ ЕD50, mg/kg

1 RU-1144 5.5 18.8
2 АSA 120.0 28.5
3 Clopidogrel –* 13.8

Note:
* – in view of being a prodrug, clopidogrel cannot be used in in vitro tests.
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Thus, compound RU-1144 led to a reliable increase 
in the bleeding time by 27.5% relative to the control 
mouse group, while ASA and clopidogrel prolonged 
the bleeding time twice as active – by 67.2 and 62.0%, 
respectively (Table 3). Thus, compound RU-1144 had 
a weaker effect on this parameter than the reference 
drugs.

DISCUSSION
Complex mediator interactions between throm-

bocytes with the involvement of various aggregation 
factors. play a significant role in initiating the pro-
cesses of the arterial thrombosis development. Pre-
liminary studies of the antiaggregant activity of com-
pound RU-1144 in comparison with clopidogrel and 
acetylsalicylic acid, both in vitro and in vivo, made it 
possible to determine the inhibitory concentrations 
(IC50) and effective doses (ED50) of these compounds 
(Table 4).

As Table 4 shows, in the in vitro studies, compound 
RU-1144 predominates over the ASA activity by 21.8 
times, in vivo – by 1.5 times, while it is 1.3 times weak-
er than clopidogrel. According to the published data, by 
application of 50% ferric chloride (FeCl3), in the throm-
botic lesion of the vascular wall Fe directly interacts with 
hydrogen peroxide, causing the formation of hydroxyl 
anions and a change of thrombocyte membranes in the 
phospholipid composition. The above-mentioned pro-
cesses increase the functional activity of thrombocytes 
[21–23, 29].

Besides, oxidized fibrinogen accumulates in blood, 
activating the process of thrombus formation. Lipid 
peroxidation in endotheliocyte membranes leads to 
systemic endothelial dysfunctions and increases its pen-
etration. This model of thrombosis allows us to study 
the effect of the compounds on the formation rate of 
an arterial (white) thrombus, which mainly consists of 
thrombocytes. That is why this model was chosen to 
study compound RU-1144, combining two types of ac-
tivity: antiaggregant and antioxidant.

Based on the data obtained, it can be concluded 
that the compound RU-1144 exhibits a pronounced 
antithrombotic activity which exceeds that of the re- 
ference drugs due to its ability to inhibit thrombocyte 
aggregation and lipid peroxidation, and thereby prevent 

the occurrence of arterial thrombosis in the rats’ carotid 
artery.

The Global Thrombosis Test makes it possible to re-
search not only the antithrombotic but also the throm-
bolytic activities of the compounds. Under the condi-
tions of increased turbulence of blood flow in the Görög 
Thrombosis Test, compound RU-1144 showed the ability 
to increase the time of thrombus formation compared 
to the values in the control group animals and the un-
reliable predominancy of the activity compared to ace-
tylsalicylic acid, however, it was unreliably weaker than 
clopidogrel. The lysis time under the action of the test 
sample did not change, which makes it possible to con-
clude that RU-1144 compound does not have any fibri-
nolytic activity.

It is known that during a prolonged therapy with 
antiaggregant drugs, a side effect such as bleeding, is 
observed. Bleedings in the gastrointestinal tract are 
most often, and intracranial hemorrhages resulting in 
increased risks of ischemic events, are not uncommon 
either [25, 27, 28].

The study showed that the compound RU-1144 
increases the bleeding time from the tail vein of mice, 
however, in contrast to ASA and clopidogrel, this effect 
is less pronounced. That makes it possible to suppose a 
low probability of a side effect in the form of bleeding.

CONCLUSION
In the model of rats’ carotid arterial thrombosis in-

duced by a 50% solution of ferric chloride (FeCl3), the 
compound under the laboratory code RU-1144 exerts a 
pronounced antithrombotic effect, exceeding that of the 
antiaggregant drugs – acetylsalicylic acid and clopidogrel 
– by 3.52 and 3.49 times, respectively, and the antioxidant 
agent EMHPS by 2.87 times. Under the conditions of in-
creased turbulence of blood flow in the Görög Thrombo-
sis Test, the tested sample of RU-1144 showed the ability 
to increase the time of thrombus formation, comparable 
to acetylsalicylic acid and clopidogrel, without affecting 
the time of its lysis. When studying compound RU-1144 
in the test “bleeding time”, the ability of the test sample 
to prolong this indicator was shown. This factor is typical 
of the group of antiplatelet agents, but at the same time, 
in comparison with acetylsalicylic acid and clopidogrel, it 
can prolong this time to a lesser extent.
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The aim of the study is to determine the effectiveness of the use of platelet enriched plasma in the complex treatment of 
chest trauma and chronic pleural empyema.
Materials and methods. The work was performed on 450 male rats, simulated with chest trauma (n=180) and chron-
ic pleural empyema (n=270). In the experimental groups, biostimulation of adhesiogenesis as an intrapleural injection of  
1 ml of platelet-enriched plasma was carried out; in the comparison group; the animals with pleural empyema were injected 
with 1 ml of doxycycline solution; in the negative control groups, the treatment was not carried out at all. Withdrawal from 
the experiment took place on the 10th, 20th, 30th days. The samples of intrapleural adhesions were fixed in 10% formalin, fol-
lowed by histological tracing and preparation of micropreparations, staining with hematoxylin and eosin. The morphometric 
study included determination of the volume fraction (VF) of collagen and reticular fibers; fibrin; inflammatory cells; blood-
stream (%).
Results. An intrapleural administration of platelet-rich plasma is an effective way to stabilize the rib cage in chest injuries, and 
to eliminate residual cavities in chronic pleural empyema. When assessing the severity of the adhesions in chest trauma, it 
was found out that adhesions are most often visualized at the sites of rib fractures (from 13.3 to 40%). In pleural empyema, 
during the entire process of observation, the VF of collagen fibers forming adhesions was higher in the group with biological 
stimulation of adhesiogenesis than in the NCpe group and in the CG. In the PRP group, already at the initial stages of the 
experiment, this indicator was significantly lower than in the NC and CG (p<0.05).
Conclusion. Based on the data obtained, the effectiveness of the use of platelet-enriched plasma in thoracic surgery for the 
biological potentiation of adhesiogenesis has been proved in experimental chest injuries and chronic pleural empyema.
Keywords: thoracic surgery; biostimulation of adhesiogenesis; platelet-enriched plasma; chest trauma; pleural empyema
Abbreviations: Ch.Inj.T – chest injury trauma; NСt – negative control group with chest trauma (without pharmacological 
correction); PRPt – administration of platelet-rich plasma for the treatment of chest trauma; PE – pleural empyema; NCpe – 
negative control group with pleural empyema (without pharmacological correction); PRPpe – administration of platelet-rich 
plasma for the treatment of pleural empyema; CG – comparison group, CGpe – comparison group without pharmacological 
correction.
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Цель. Определить эффективность применения плазмы, обогащенной тромбоцитами в комплексном лечении травмы 
грудной клетки и хронической эмпиемы плевры.
Материалы и методы. Работа выполнена на 450 крысах-самцах, которым моделировали травму грудной клетки 
(n=180) и хроническую эмпиему плевры (n=270). В опытных группах осуществлялась биостимуляция адгезиогенеза: 
внутриплевральное введение 1 мл плазмы, обогащенной тромбоцитами, в группе сравнения при эмпиеме плевры 
вводили 1 мл раствора доксициклина, в группах негативного контроля лечения не проводилось. Выведение из экс-
перимента на 10-е, 20-е, 30-е сутки. Образцы внутриплевральных сращений фиксировали в 10%-ом формалине с 
последующей гистологической проводкой и изготовлением микропрепаратов, окраской гематоксилином и эозином. 
Морфометрическое исследование включало определение объемной доли (ОД) коллагеновых и ретикулярных воло-
кон; фибрина; клеток воспалительного ряда; сосудистого русла (%).
Результаты. Внутриплевральное введение плазмы, обогащенной тромбоцитами, является эффективным способом 
стабилизации реберного каркаса – при травмах грудной клетки, и ликвидации остаточных полостей – при хрониче-
ской эмпиеме плевры. При оценке выраженности спаечного процесса при травме грудной клетки установлено, что 
наиболее часто спайки визуализируются в местах перелома ребер (от 13,3 до 40%). При эмпиеме плевры на протя-
жении всего наблюдения ОД коллагеновых волокон, формирующих спайки, была выше в группе с биологической 
стимуляцией адгезиогенеза, чем в группе НКэп и в ГСэп. В PRP-группе данный показатель уже на начальных сроках 
эксперимента был достоверно ниже, чем в группе НК и ГС (p<0,05). 
Заключение. На основании полученных данных доказана эффективность применения плазмы, обогащенной тромбо-
цитами в торакальной хирургии для биологического потенцирования адгезиогенеза: при экспериментальных трав-
мах грудной клетки и хронической эмпиеме плевры. 
Ключевые слова: торакальная хирургия; биостимуляция адгезиогенеза; плазма, обогащенная тромбоцитами; травма 
грудной клетки; эмпиема плевры
Сокращения: ТГК – травма грудной клетки; НКт – группа негативного контроля с травмой грудной клетки (без фарма-
кологической коррекции); PRPт – введение плазмы, обогащенной тромбоцитами для лечения травмы грудной клет-
ки; ЭП – эмпиема плевры; НКэп – группа негативного контроля с эмпиемой плевры (без фармакологической коррек-
ции); PRPэп – введение плазмы, обогащенной тромбоцитами для лечения эмпиемы плевры; ГС – группа сравнения; 
ГСэп – группа сравнения без фармакологической поддержки.

INTRODUCTION
At present, one of the promising directions of regen-

erative medicine is biological stimulation of repair pro-
cesses on the basis of platelet rich plasma (PRP) contain-
ing numerous growth factors and cytokines [1–3].

The drugs developed on the basis of autologous com-
ponents, are increasingly being introduced into cosmetol-
ogy and traumatology. However, the biotechnology based 
on PRP technologies, has not yet found application in tho-
racic surgery which determines the relevance of this work. 

The problems of the rib cage stabilization in severe 
concomitant injuries and the elimination of residual cav-
ities in chronic pleural empyema, are still unresolved. 
Such problems require search for new solutions on the 
basis of biological stimulation of adhesiogenesis in the 
complex treatment of these nosologies [4–7].

THE AIM of the study is to determine the effec-
tiveness of the use of platelet enriched plasma in the 
complex treatment of chest trauma and chronic pleural 
empyema.
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MATERIALS AND METHODS
Experimental animals
The experiment was carried out on 450 nonlin-

ear sexually mature male rats (confluence), weighing 
280–300 g, which were kept under standard vivarium 
conditions, with a natural change of the daily cycle, free 
access to extruded feed and water. The maintenance 
and manipulations were carried out in accordance with 
the order of the Ministry of Health of the USSR No. 755 
dated 08/12/1977 and the European Convention for the 
Protection of Vertebrate Animals used for Experiments 
or for Other Scientific Purposes (Strasbourg, March 18, 
1986) [8, 9]. A positive conclusion on experimental stud-
ies of the Local Independent Ethical Committee of Volgo-
grad State Medical University was received on Septem-
ber 29, 2016, Protocol No. 12 – 2016.

Study Design
The design of the experiment is shown in Figure 1.
The animals were modeled for chest trauma (n=180) 

and chronic pleural empyema (n=270) using the authors’ 
post-anesthesia techniques (chloral hydrate 350 mg/kg 
intraperitoneally). When modeling Ch.Inj.T, a negative 
control group with chest injury trauma (NСt) and an ex-
perimental group (PRPt) were isolated, then underwent 
biological potentiation of adhesiogenesis by introducing 
platelet-rich plasma (PRP) into the pleural cavity: a set 
for blood sampling Plasmolifting™, Ltd Plasmolifting, Ka-
zan, Russia; TU 9437-002-27837594-2015, registration 
certificate No. RZN 2016/3980 dated 04.19.2016. The 
protocol of the procedure was as follows:

Stage I. Blood sampling in the volume of 5 ml from 
the tail vein using a syringe, into a specialized Plasmo-
lifting™ tube.

Stage II. Centrifugation 1000 G (3200 revolutions) 
for 5 min., separation into fractions, obtaining platelet 
autoplasm.

Stage III. Supernatant sampling (thrombotic autol-
ogous plasma), located in the upper part of the tube 
above the separation gel (Fig. 2Б).

Stage IV. Injection of 1 ml of the drug in fractured 
ribs: pointwise into the fracture zone, subpleurally into 
the pleural cavity; directly into the residual pleural cavity 
– in chronic pleural empyema.

In addition to the above-described groups, in the 
simulation of chronic PE, a comparison group (CGpe) was 
added, the animals of which were injected intrapleurally 
with 1 ml of a doxycycline solution. Doxycycline (Doxycyc-
linum) is a semisynthetic bacteriostatic antibiotic from the 
group of tetracyclines with a broad spectrum of activity. Its 
chemical name is (4S, 4aR, 5S, 5aR, 6R, 12aS)-4-dimethyl-
amine-3,5,10,12,12а-pentahydroxy-6-methyl-1,11-dioxy-1
,4,4а,5,5а,6,11,12а-octahydronaphthacene-2-carboxyam-
ide monohydrochloride, mixed with ethanol (2: 1), hemihy-
drate C22H24N2O8*HCl*½C2H5OH*½H2O. Its invented name 
is Doxycycline, BINERGIYA Ltd (Russia), lyophilisate for 
preparation of solution for infusions 100 mg, packed in vials 

(5) of contoured plastic (1), in cardboard packs. The code is 
ATX J01AA02. Its composition is: doxycycline (in the form of 
hydrochloride) 100 mg; the excipients are: sodium disulfite 
– 6 mg, disodium edetate – 0.02 mg. In addition to the an-
tibacterial effect of Doxycycline, this substance, according 
to the National Clinical Guidelines for Thoracic Surgery, is 
the drug of choice for chemical pleurodesis [10-12]. With-
drawal from the experiment was carried out on the 10th, 
20th and 30th days of the experiment. The description of the 
macroscopic picture of the pleural cavity and the collection 
of intrapleural adhesions was carried out with a maximum 
preservation of the intrinsical points [13].

Histological study
1350 samples of intrapleural adhesions were taken 

with a maximum preservation of the intrinsical points 
of adhesions between the parietal and visceral pleura 
and fixation of the material in a 10% solution of neutral 
formalin (the exposure for 24 h); a standard histological 
processing was carried out, passing the fixed material 
through ethyl alcohol in the ascending concentrations 
(from 70° up to 100°) and chloroform. A comprehensive 
morphological study included the production of serial 
sections of intrapleural adhesions at different periods of 
the experiment with staining with hematoxylin and eosin. 
Micrographs were made using a LeicaDM 100 microscope 
with a digital camera, magnification ×100, ×200, ×400.

Morphometric study
A morphometric study was carried out in accordance 

with the established principles of quantitative morpholog-
ical investigations, according to which the measurements 
are carried out on microphotograms obtained by photo-
graphing serial sections (and determining the number of 
objects on at least 10 glasses in 10 fields of view) [avtan-
dilov]. The Videotest Morpho software was used to deter-
mine the volume fraction (VF) of collagen and elastic fibers, 
fibrin, cellular composition of adhesions (lymphocytes, leu-
kocytes, fibroblasts) and VF of the blood-stream [14]. 

Statistical processing of results
The results were processed using the STATISTICA 7.0 

software package (StatSoft, USA), (M±SEM were deter-
mined), Wilcoxon’s nonparametric test, Student’s test 
and confidence index (p). The results were considered 
reliable at p<0.05.

RESULTS
Efficiency of platelet-rich plasma in intrapleural 
administration for potentiating adhesiogenesis 
in chest trauma according to the results 
of macroscopic examination
As a result of a comparative analysis of the experi-

mental group and the negative control group, it was found 
out that on the 10th day of the experiment with chest in-
jury trauma, there were no cases of consolidation of rib 
fractures. In the negative control group with chest trauma 
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(without pharmacological correction), the adhesion pro-
cess was absent in 16.7% of cases; in 36.7% the adhesions 
were formed locally, exclusively in the area of the surgi-
cal trauma, and were represented by whitish translucent 
cords (arachnoid adhesions), Figure 2A.

When PRP was injected intrapleurally, adhesions 
were not formed only in 6.7%, which was significantly 
less than in the negative control group with chest trau-
ma (without pharmacological correction) (p<0.05). The 
fact that intrapleural adhesions were represented by 
denser (filmy) adhesions, localized mainly between the 
thoracotomy scar and the parietal and visceral pleura, is 
of great importance (Fig. 2B).

On the 20th day of the experiment, consolidation of 
rib fragments was recorded in 66.7% of the animals in 
the negative control group with chest trauma (without 
pharmacological correction) and in 77.8% in the exper-
imental group. Adhesions in the negative control group 
with chest trauma (without pharmacological correc-
tion), as in the previous period of the experiment, were 
predominantly formed in the area of surgical trauma (in 
43.3%) and were represented by arachnoid and mem-
branous adhesions (Fig. 3A).

When platelet-rich plasma (PRPt) was injected into 
the pleural cavity on day 20, adhesions were absent only 
in 1 case (3.3%), in other cases adhesion was recorded in 
13.3% (4 cases) with total pleural cavity filling. The most 
frequently detected adhesions were in the fracture zone 
(40.0%), there were also single local adhesions (20.0%) 
and single adhesions outside the fracture zone (23.3%). 
The adhesions were represented by dense, planar adhe-
sions (Fig. 3B).

On the 30th day of the experiment, the negative con-
trol group with chest trauma (without pharmacological 
correction) showed consolidation of fracture sites with 
the formation of a pronounced callus. Narrowing and 
deformation of the intercostal spaces, formed due to the 
adhesive process, was noted. No total obliteration of the 
pleural cavity was detected (Fig. 4A).

By the end of the experiment (day 30) in the PRPt 
group, the total pleural cavity obliteration was observed 
in 13.3% (4 cases). Figure 4B shows the most typical situ-
ation characterized by the formation of a planar intimate 
adhesion at the fracture site during biostimulation of 
adhesiogenesis with platelet-rich plasma. The adhesion 
length was 10 mm, the width – 4 mm, thickness – up to 
1 mm, the total area of the organ adhesion was 40 mm2; 
there was a depletion of vascularization compared with 
the previous period.

Thus, a comparative analysis of the adhesion pro-
cess in the pleural cavity with chest trauma revealed 
significant differences in NCt rats and the PRPt experi-
mental group. In the NCt group, arachnoid and filmy ad-
hesions prevailed, while biostimulation of adhesiogen-
esis with platelet-rich plasma revealed ribbon-like and 
planar adhesions, the density of which increased in the 
dynamics of the experiment.

Efficiency of platelet-rich plasma when administrated 
intrapleurally, for potentiating adhesiogenesis 
in chest trauma according 
to the of histological study results
On the 10th day of the experimental chest trauma, 

histological examination of pleural adhesions showed 
the predominance of chaotically located connective tis-
sue fibers with a pronounced leukocyte infiltration in 
both – the NCt group and the PRPt group. At the same 
time, in the studied samples of the NCt group, diffusely 
located serous-hemorrhagic exudate with fibrin concre-
tions was found (Fig. 5A).

On the 10th day of the experiment, thin fibers of con-
nective tissue, located unevenly, mainly in the zone of 
fracture and drug administration, were determined in 
the experimental group. The amount of exudate was in-
significant, its organization was notified against the back-
ground of a persisting inflammatory reaction (Fig.5B).

On the 20th day of the experiment, the volume 
of serous-hemorrhagic exudate in the NCt group was 
insignificant; the edema of the connective tissue, rep-
resented by chaotically localized fibers, by the type of 
myxomatous transformation, was revealed. Single ves-
sels and diffuse, predominantly neutrophilic, inflamma-
tory infiltration were identified. There was a discrepancy 
between immature pevral adhesions and the time of the 
experiment (Fig. 6A).

When PRP was adminisrated on the 20th day, young 
pleural adhesions containing fibers oriented parallel to 
the surface of the walls of the pleural cavity, were deter-
mined. In loosely located connective tissue fibers, single 
hemosiderin granules were visualized. It was associated 
with a change in the permeability of the endothelium 
and basement membrane and indicated continuing ad-
hesiogenesis (Fig. 6B).

On the 30th day of the experiment, adhesions were 
still immature in the NCt group. Vascular filling and the 
presence of hemosiderin granules with siderophages in-
dicated ongoing angiogenesis and the formation of pleu-
ral adhesions. The vessels were thin-walled, full-blooded 
and located unevenly among the fibers of the connective 
tissue. The presence of single lymphocytes, plasma cells 
and neutrophils was detected, as well as an abundance 
of macrophages (siderophages) (Fig. 7A).

By the end of the experiment, mature adhesions in 
the area of the rib fracture had been revealed. It took 
place in histological examination of morphological 
changes in the pleural cavity during biostimulation of ad-
hesiogenesis by the introduction of platelet-rich plasma. 
The adhesions were formed by strictly oriented collagen 
fibers and included fibroblasts, fibrocytes, with single 
vessels in the field of view (Fig. 7B).

Morphometric assessment of the effectiveness 
of platelet-enriched plasma for potentiating  
adhesiogenesis in dynamics of chest trauma
A morphometric analysis was completely consistent 

with the results of histological examination (Table 1).
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Figure 1 – The design of the experiment
Notes: Ch.Inj.T – chest injury trauma; NCt – negative control group with chest trauma (without pharmacological correction); PRPt – administration 
of platelet-rich plasma for the treatment of chest trauma; PE – pleural empyema; NCpe – negative control group with pleural empyema (without 
pharmacological correction); PRPpe – administration of platelet-rich plasma for the treatment of pleural empyema.

А                                                                           B
Figure 2 – Pleural cavity on the 10th day of experimental chest injury

Note: A. Negative control group. B. Experimental group. Administration of platelet-rich plasma (PRPt). Lack of consolidation of rib fragments.

А                                                                           B
Figure 3 – Pleural cavity on day 20 of experimental chest injury

Note: A. Negative control group. The presence of consolidation of rib fractures, the absence of intrapleural adhesions. B. Experimental group. 
Administration of platelet-rich plasma (PRPt), formation of pleural adhesions.
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А                                                                           B
Figure 4 – Pleural cavity on day 30 of experimental chest injury

Note: A. Negative control group. The presence of consolidation of rib fractures, the absence of intrapleural adhesions. B. Experimental group. 
Administration of platelet-rich plasma (PRPt). Formation of plane adhesions.

А                                                                           B
Figure 5 – Experimental chest injury on day 10

Note: A. NCt group. B. PRPt group. Staining with hematoxylin and eosin. Magnification ×400.

А                                                                           B
Figure 6 – Experimental chest injury on day 20 

Note: A. NCt group. Staining with hematoxylin and eosin. Magnification ×100. B. Experimental group PRPt. Staining with hematoxylin and eosin. 
Magnification ×200.

А                                                                           B
Figure 7 – Experimental chest injury on day 30 

Note: A. Group NCt. Staining with hematoxylin and eosin. Magnification ×200. B. Experimental PRPt group. Staining with hematoxylin and eosin. 
Magnification ×400.
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Table 1 – Morphometric indices of the composition of adhesions in rats with chest trauma against  
the background of platelet-rich plasma, for potentiation of adhesiogenesis (M±m, %)

Indices,
VF (%)

Experimental groups
NCt PRPt

Day 10 Day 20 Day 30 Day 10 Day 20 Day 30
Collagen fibers 3.04±0.8 15.11±2.3# 33.72±9.7# 8.23±0.9* 29.15±3.1*# 37.23±8.3*#

Reticular fiber 31.56±3.5 25.05±0.9# 2.95±0.7# 30.19±3.7 15.03±1.1*# 4.15±0.3#

Fibrin 8.11±0.9 6.09±0.3 5.21±0.3# 9.15±0.9 4.25±0.8*# 4.08±0.5
Leukocytes 22.17±1.7 18.75±3.5 9.73±0.5# 21.95±3.9 17.21±2.5 8.92±0.8#

Lymphocytes 11.01±0.9 14.15±0.8 20.12±7.3# 10.27±0.9 15.95±1.9 19.75±1.3
Fibroblasts 6.88±0.5 10.05±1.3 18.36±3.5# 7.07±0.8 10.21±0.7 21.03±1.5#

Vessels 17.23±2.5 10.80±2.5# 9.91±0.8# 13.14±1.5 8.2±0.9*# 4.84±0.3*#

Note: * – reliability of differences in comparison with the NCt group (p <0.05);  
# – reliability of differences in comparison with the previous period (p <0.05).

Table 2 – Morphometric indices of the composition of adhesions in rats with chronic pleural empyema against 
the background of the administration of platelet-rich plasma to potentiate adhesiogenesis (M±m, %)

Indices,
VF (%)

Experimental groups
NCpe PRPpe

Day 10 Day 20 Day 30 Day 10 Day 20 Day 30 
Collagen fibers 1.09±0.7 11.13±1.7# 30.08±3.1# 8.19±0.8* 23.07±1.5*# 32.64±4.1#

Reticular fiber 33.72±2.3 29.16±3.6# 7.26±0.8# 30.75±2.9 15.28±3.5*# 5.11±0.5*#

Fibrin 9.23±0.8 7.95±0.9 5.83±0.3# 10.67±0.7 8.17±0.9 4.97±0.1#

Leukocytes 21.16±1.3 19.31±2.1 11.12±1.1# 23.13±4.1 16.81±3.3 8.13±0.9
Lymphocytes 13.11±1.9 14.29±0.7 19.19±5.7 12.87±0.8 16.03±1.1# 21.40±1.1
Fibroblasts 8.02±0.3 9.83±1.1 17.23±2.9 6.92±0.8 12.91±0.8 19.73±1.1
Vessels 13.67±1.9 8.33±0.3 9.29±0.9 7.47±1.1# 7.73±0.9*# 8.02±0.5

Note: * – reliability of differences in comparison with the NCpe group (p<0.05);  
# – reliability of differences in comparison with the previous period (p<0.05).

А                                                                    B                                                                        C
Figure 8 – Pleural cavity of experimental pleural empyema in the comparison group on day 10

Note: A. Negative control group (NCpe). The cavity is filled with liquid pus, multiple abscesses. B. Comparison group (CGpe). C. Experimental group 
(PRPpe).
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When determining the VF of collagen and reticular fi-
bers forming adhesions, significant differences were found 
in the NCt group and in the PRPt experimental group. Thus, 
on the 10th day of the experiment in the NCt group, the 
VF of collagen fibers was significantly less than in the ex-
perimental group with stimulation of adhesiogenesis with 
platelet-rich plasma (3.04±0.8% and 8.23±0.9%, respec-
tively) p<0.05. Against the background of an increase in the 
proportion of collagen fibers, there was a significant de-
crease in the VF of reticular fibers, which sharply decreased 
on the 30th day of the experiment (p<0.05).

Besides, at all stages of the experiment, significant 
differences were detected in the NC group and exper-
imental groups in determining the VF of the cellular 
composition of adhesions: leukocytes, lymphocytes, fi-
broblasts (p<0.05).

Thus, as a result of a complex morphological study, 
the following was found out: biological potentiation of 
adhesiogenesis by plasma enriched with platelets is an 
effective measure for stabilizing the rib cage in chest in-
juries with multiple rib fractures.

Efficieny of plasma, platelet-enriched through 
intrapleural administration for potentiating 
adhesiogenesis in chronic pleural empyema, 
according to the results of macroscopic examination
As a result of the study, significant differences were 

established in the morphogenesis of residual cavities 
in animals of the comparison groups and experimental 
groups. When conducting a comparative characteristic 
of experimental chronic pleural empyema and adhe-
sions in the pleural cavity without treatment and with 
various methods of biological stimulation of adhesion 
formation, the following results took place: on the 10th 
day of the experiment, in all the study groups including 
the negative control group, the comparison group and 
the three experimental groups, the residual cavity was 
preserved macroscopically. The severity of the adhesive 
process depended on the tactics of managing the resid-
ual pleural cavity, which arose during experimental mod-
eling of pleural empyema.

In the NCpe group, the volume of the residual pleu-
ral cavity was maximum and averaged 25.1±3.1 mm3. Ba-
sically, single adhesions were determined in the animals 
of this group (50.0%); adhesions were absent in 36.7% 
of cases, multiple adhesions were found only in 13.3%, 
while spider adhesions were determined predominant-
ly morphologically. The cavity was filled with liquid pus 
with no signs of organization. The visceral pleura was 
thickened to 1-1.5 mm, abscesses with a diameter of 1 
to 3 mm were determined in its thickness (Fig. 8A).

In the CGpe, as well as in the NCpe group, the to-
tal obliteration of the residual cavity was not observed. 
However, intrapleural adhesions, both single (in 56.7%) 
and multiple (in 23.3%), were determined. The volume 
of the residual pleural cavity was less than in the NC 
group – 23.2±2.5 mm3 (p>0.05). 

In the CG, the residual empyema cavity was formed 
by the parietal pleura, visceral pleura of the upper lobe, 
an interlobar groove, a lower lobe and a diaphragm. In 
the thickness of the pleura, multiple encapsulated ab-
scesses up to 3 mm in diameter were determined. There 
were focal fibrin deposits on the pleural surface (Fig. 8B).

In the experimental group, on the 10th day of ex-
perimental PE, against the background of the adminis-
tration of platelet-enriched plasma, residual cavities of a 
small volume were determined, fragmented into sectors 
by single organ adhesions. Intrapleural adhesions were 
most often located in the costophrenic sinus; they were 
penetrated by newly formed vessels, which indicated 
the active formation of adhesions (Fig. 8C).

On the 20th day of experimental EP in the NC group, 
a residual cavity containing purulent exudate, was de-
termined. The pyogenic membrane was thickened due 
to the deposition of fibrin up to 2 mm, infiltrated by 
numerous microabscesses. The dome of the diaphragm 
was smoothed, the sinus deformity was detected, while 
there were no intrapleural adhesions (Fig. 9A).

In the antero-inferior parts of the pleural cavity in 
CGpe rats, a residual empyema cavity with thickened 
walls, containing organized exudate, was determined. 
Numerous adhesions, mainly membranous and planar, 
were localized in the pleurophrenic sinuses and the in-
terlobar sulcus. A pronounced intra-adhesion inflamma-
tory process and rich neovascularization indicated the 
active formation of adhesions (Fig. 9B).

Residual cavities without purulent contents, with 
focal fibrin deposits on the walls, up to 2 mm thick, 
were determined deformed (due to the adhesion pro-
cess) during biological potentiation of adhesiogenesis 
as a result of the administration of platelet-rich plasma. 
Morphologically, adhesions were represented by a wide 
spectrum: single organ adhesions were combined with 
multiple filmy and ribbon-like adhesions, which were 
randomly located inside the residual cavity, significantly 
reducing its volume (Fig. 9C).

By the end of the experiment (day 30), the cases of 
elimination of residual cavities had been recorded in all 
the groups. However, in the NCpe group, the empyema 
cavity was determined significantly more often than in the 
comparison group and in the experimental PRPpe group 
(p<0.05). At the same time, in the NCpe group, the volume 
of the residual cavity was the largest (19.3±1.7 mm3). There 
was thickening of the parietal and visceral pleura, with sub-
pleural abscesses. In the animals of this group, single adhe-
sions prevailed (50.0%), in 30.0% of cases adhesions were 
absent, multiple adhesions were found only in 13.3%, the 
total obliteration was recorded only in 6.6% (Fig. 10A).

When doxycycline was administrated (CGpe), the vol-
ume of the residual empyema cavity averaged 16.5±1.5 
mm3, the residual cavity was found to be obliterated in 
13.3%; in 16.7% there were single adhesions, in 46.7% – 
multiple ones. Adhesions were represented by mature 
massive moorings located in the lower sections (Fig. 10B).
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А                                                                    B                                                                        C
Figure 9 – Pleural cavity of experimental pleural empyema on day 20 

Note: A. Negative control group (NCpe). The cavity is filled with liquid pus, multiple abscesses. B. Comparison group (CGpe). C. Experimental group 
(PRPpe).

А                                                                    B                                                                        C
Figure 10 – Pleural cavity on the 30th day of experimental pleural empyema

Note: A. Negative control group (NCpe). B. Comparison group (CGpe). C. Experimental group (PRPpe).

А                                                                    B                                                                        C
Figure 11 – Formation of immature connective tissue in pleural empyema on day 10 of the experiment against 

the background of chronic pleural empyema in rats
Note: A. Negative control group (NCpe). B. Comparison group (CGpe). C. Experimental group (PRPpe) with the administration of platelet-rich 
plasma. Staining with hematoxylin and eosin. Magnification ×400.
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In the experimental group (PRPpe) on the 30th day, 
the total obliteration of the empyema cavity was reg-
istered in 13.3%. The volume of the residual pleural 
cavity averaged 12.1±0.8 mm3. The absence of adhe-
sions was registered in 20.0%. Ribbon-like and planar 
adhesions were morphologically identified (Figure 
10C).

Efficiency of plasma, platelet-enriched through 
intrapleural administration for potentiating 
adhesiogenesis in chest trauma, according 
to the results of histological study
On the 10th day of the experiment in the pleural 

cavity in the NCpe group, the impregnation of the 
pleural layers with purulent fibrinous exudate was de-
termined; the involvement of adjacent tissues in the 
pathological process was detected. Deposits of fibrin 
filaments were determined in the inflammatory de-
tritus of the exudate. In the parietal pleura, reactive 
changes, characterized by the phenomena of nuclear 
hyperchromia and violations of the nuclear-cytoplas-
mic relationship, were found out. The inflammatory in-
filtrate was represented by an abundance of polymor-
phonuclear neutrophils with single lymphocytes and 
macrophages (Fig. 11A).

In the comparison group, purulent-fibrinous exu-
date was also found in the residual PE cavity. The signs 
of inflammation were revealed, consisting in visualiza-
tion of mesothelial cells with inflammatory changes. In 
pleural adhesions, chaotically located connective tissue 
fibers, mainly reticular, were determined, in the thick-
ness of which there were single fibroblasts and multiple 
neutrophilic leukocytes (Fig. 11B).

In the experimental group, the residual pleural cav-
ity was delimited from the lung tissue due to the for-
mation of granulation tissue represented by connective 
tissue fibers with an abundance of blood vessels (Fig. 
11C).

In the NCpe group, on the 20th day of experimental 
EP, a partial organization of exudate with a precipitate of 
fibrin and single connective tissue fibers was revealed. 
A few microabscesses with a tissue dendrite located in 
the center, were found. The pathological process was 
delimited by immature connective tissue fibers, inside 
which there was a massive inflammatory infiltration, 
represented by neutrophils with single lymphocytes and 
macrophages. There was a discrepancy between the de-
gree of maturity of pleural adhesions and the timing of 
the experiment (Fig. 12A).

А                                                                    B                                                                        C
Figure 12 – Experimental pleural empyema on day 20 of the experiment

Note: A. NCpe group. Staining with hematoxylin and eosin. Magnification x100. B. Comparison group. Staining with hematoxylin and eosin. 
Magnification ×100. C. Experimental group (PRPpe) with the administration of platelet-rich plasma. The phase of young adhesions with the 
presence of immature connective tissue against the background of chronic pleural empyema in rats on day 20 with the administration of platelet-
rich plasma. Staining with hematoxylin and eosin. Magnification ×100.

А                                                                    B                                                                        C
Figure 13 – Experimental pleural empyema on day 30 of the experiment

Note: A. NCpe group. B. Comparison group. С. Experimental group (PRPpe) with the administration of platelet-rich plasma. Mature adhesion in 
the pleural cavity of rats with the presence of oriented connective tissue fibers, a small number of lymphocytes against the background of chronic 
pleural empyema. Staining with hematoxylin and eosin. Magnification ×400.
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When doxycycline was administrated on the 20th 

day of the experiment, adhesiogenesis had a number of 
features associated with fragmentation of the residual 
cavity by connective tissue adhesions into microcavities 
containing an insignificant amount of serous-purulent 
exudate. The detected adhesions were infiltrated with 
neutrophilic leukocytes and richly vascularized, which 
indicated active neoangiogenesis (Fig. 12B).

The administration of platelet-rich plasma at this 
time of the experiment led to the active formation of 
connective tissue, represented by a network of loosely 
located thin fibers with edema phenomena. At the same 
time, the severity of the inflammatory response was sig-
nificantly lower than in the NCpe and CGpe groups. Mor-
phologically, moderate diffuse lymphocytic infiltration 
of pleural adhesions with single neutrophilic leukocytes 
was determined. On the part of the microvasculature, 
the signs of active neoangiogenesis were revealed, the 
vessels were evenly distributed among the fibers of the 
connective tissue (Fig. 12C).

Histological examination of pleural tissues in the 
negative control group on the 30th day showed a pro-
nounced edema of the connective tissue, abundantly 
infiltrated by neutrophils, single plasmocytes and mac-
rophages. The mesothelium of the visceral and parietal 
sheets was not visualized, between the thin bands of the 
connective tissue exudate was determined; its compo-
sition was mainly represented by neutrophils. Diffuse 
impregnation and thickening of the pleural sheets due 
to the pronounced edema and abundant neutrophilic 
infiltration was revealed. The vessels of the microvas-
culature had moderate blood filling, with symptoms of 
perivascular edema, which was histologically manifested 
by the fragmentation of the vascular wall and the pres-
ence of optically empty perivascular spaces (Fig. 13A).

Against the background of doxycycline administra-
tion, in the animals of the comparison group the pres-
ence of single immature adhesions in the pleural cavi-
ty was detected. The adhesions were formed by loose 
fibrous connective tissue, while thin connective tissue 
fibers had a different direction, between which an abun-
dance of moderately plethorical vessels was revealed. 
Between the fibers of the connective tissue, an accumu-
lation of fibroblasts was clearly visible; they had round-
ed nuclei and a small amount of cytoplasm. In addition, 
lymphocytic infiltration with the presence of single plas-
ma cells was determined. In pleural adhesions, hemo-
siderin granules as well as large cells with the presence 
of brown pigment in the cytoplasm (siderophages) were 
determined. Attention was drawn to the fact that the 
vessels of the microvasculature were lined with endo-
thelial cells with a rounded nucleus, which indicated “ir-
ritation” of the endothelium and was a morphological 
sign of endothelial dysfunction (Fig. 13B).

In the experimental group with biological potentia-
tion of adhesiogenesis in the pleural cavity with plasma 
enriched with platelets, the formation of multiple ad-
hesions with the presence of strictly oriented connec-
tive tissue fibers was registered; fibroblasts and fibro-
cytes with an elongated nucleus and a small amount 
of cytoplasm were detected there. Single vessels with 
typical endothelium were visualized. Morphological 
signs of inflammation were minimal and characterized 
by the presence of single lymphocytes and plasma cells 
(Fig. 13C).

Morphometric essessment of the efficiency 
of platelet-rich plasma for potentiation of adhesion 
in chronic pleural empyema in dynamics
The summary data on the results of the morpho-

metric study in the animals with the experimental chest 
trauma of the NCpe group and with various methods of 
biological stimulation of adhesiogenesis, are presented 
in Table 2.

As a result of a complex morphological study, it was 
found out that the composition of the adhesions with-
in the experimental groups varied significantly. Thus, 
during the entire observation, the VF of collagen fibers 
forming adhesions was higher in the group with bio-
logical stimulation of adhesiogenesis than in the NCpe 
group and in the CGpe group. On the 10th day, in the 
group with the use of PRP technologies, this indicator 
was 7.5 times higher than in the group of NC (p<0.01). 
As the duration of the experiment increased, the VF of 
collagen fibers in the adhesions formed in the NC and 
CG group steadily increased. On the 30th day it did not 
have significant differences from the adhesions softened 
during potentiation of adhesiogenesis.

Alongside this with an increase in the VF of colla-
gen fibers, a decrease in VF of reticular fibers occurred, 
which indicated the maturation of the adhesion. 
However, in the PRP group, this indicator, already at 
the initial stages of the experiment, was significant-
ly lower than in the NC and CG groups (p<0.05). The 
changes in the cellular composition of adhesions were 
less pronounced, but leukocyte infiltration significant-
ly decreased in the PRPpe group compared to the NC 
and CG groups. So, on the 20th day, in the group with 
combined stimulation of adhesions with the plasma 
enriched with platelets, the VF of leukocytes was 2.1 
times lower than in the NC group. Alongside with this, 
there was an increase in VF of lymphocytes and VF of fi-
broblasts, which was recorded significantly earlier (10-
20 days) than in the NC group.

Thus, the results obtained indicate the earlier for-
mation and maturation of adhesions during the biologi-
cal stimulation of platelet-rich plasma, as well as of their 
stability in this group.
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DISCUSSION OF RESULTS
Adhesiogenesis is a compensatory reaction that 

occurs in response to surgical (or any other) trauma. 
Platelet-rich plasma (PRP technologies) was chosen as a 
biological substance that provides potentiation of adhe-
siogenesis.

The choice of a chest injury with multiple floating 
fractures of ribs and residual cavity in chronic pleural 
empyema as nosological units for the use of biotechnol-
ogy in stimulation of adhesion is not accidental. In chest 
trauma, stimulation of the adhesions should have a dual 
role: stabilization of the rib cage – on the one hand and 
protection of the lung parenchyma from damage – on 
the other. In pleural empyema, the residual cavity is in-
vaded with connective tissue, which leads to its obliter-
ation and elimination of the chronic focus of purulent 
infection.

According to the literature data, the use of plate-
let-rich plasma is pathogenetically justified, because 
platelets contain growth factors (PDGF, VEGF, EGF, FGF, 
etc.) that increase the activity of fibroblasts. Fibroblasts 
produce elastin, collagen, hyaluronic acid, promoting 
the formation of connective tissue and its neovascular-
ization. In addition, the growth factors inhibit the de-
crease in bone tissue volume by stimulating the prolif-
eration of osteoblasts and blocking osteoclasts. There is 
some information about the immunostimulating effect 
of PRP, its participation in the normalization of metabolic 
processes, tissue respiration, optimization of microcircu-
lation [15, 16].

For chest trauma, a model for stabilizing the rib cage 
by stimulating adhesiogenesis using platelet-rich plas-
ma has been developed. This model is pathogenetically 
substantiated, has validity and makes it possible to as-
sess the morphological structure of adhesions formed 
under the influence of platelet growth factors. When 
modeling and treating experimental chest trauma with 
multiple rib fractures, significant differences were found 
out in the negative control group and in the experimen-
tal group. When assessing the severity of the adhesion 
process, it was found out that adhesions are most often 
visualized at the sites of rib fractures (from 13.3 to 40%). 
At the same time, in the NC group, single adhesions pre-
vailed (23.3%-63.3%), while in the experimental group 
on the 20th and 30th days, single adhesions were absent 
(p<0.01). Similar results were obtained when analyzing 
the cases of the absence of adhesions: the animals with-
out adhesions in the pleural cavity were determined in 
the NC group at all periods of the experiment (16.7% on 
the 10th and 20th days; 13.3% on the 30th day). While in 
the group with PRP technology, the percentage of rats 
without adhesions in the pleural cavity was significantly 
lower: from 6.7% on day 10, 3.3% on day 20, to 0% on 
day 30 (p<0.05).

The macroscopic differences in the structure of ad-
hesions are noteworthy; arachnoid and membranous 
adhesions predominated in the NC group, while rib-
bon-like and planar adhesions prevailed in the experi-
mental groups. The thickness and density of adhesions 
was increasing in the duration of the experiment in all 
the studied groups.

So, this study makes it possible to conclude that 
the biological potentiation of adhesion is a logical mea-
sure of stabilization in chest injuries with multiple rib 
fractures. The morphological substrate of this method 
is the formation of mature adhesions without manifes-
tations of activity and further development, thereby 
confirming the maturity and formation of adhesions. 
The results obtained are consistent with the literature 
data, according to which the use of PRP technology has 
a stimulating effect on the development and neovas-
cularization of adhesions due to the contained growth 
factors; in addition, there is information about the 
stimulating effect of PRP technology on the formation 
of callus [17].

When modeling and treating experimental pleural 
empyema, the authors’ methods of biological stimula-
tion of adhesiogenesis by injecting platelet-rich plasma 
was used. The elimination of the residual pleural cavity 
is based on the stimulation of adhesion formation by the 
growth factors contained in PRP, which is consistent with 
the literature data [18, 19].

At the same time, significant differences were es-
tablished in the morphogenesis of residual cavities in 
the animals of the NC group, comparison groups and 
the experimental group. It is noteworthy that in the 
comparison group (treatment with doxycycline) the 
adhesions consisted mainly of loose fibrous connec-
tive tissue infiltrated with cellular elements, which 
confirmed the fact of the inflammatory process in the 
adhesion and is prognostically unfavorable in terms of 
the occurrence of complete obliteration of the pleural 
cavity adhesions. At the same time, in the experimen-
tal group, intrapleural adhesions were formed mainly 
by connective tissue fibers containing lymphocytes, 
histiocytes, fibroblasts, a small number of desolate 
vessels, and no signs of inflammation were detected. 
The described histological picture is typical of mature 
adhesions. It means that with targeted administration 
of PRP into the pleural cavity, adhesiogenesis can be 
considered controlled.

So, in the experiment it was established that 
the applied biotechnologies make it possible to po-
tentiate intrapleural adhesions in residual cavities in 
chronic pleural empyema, which leads up to the com-
plete obliteration of the empyema cavity – a chronic 
source of infection and a risk factor for disease re-
currence.
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CONCLUSION
As a result of the experimental study, the efficiency of the use of platelet-rich plasma for the biological potentiation 

of adhesiogenesis in experimental chest injuries and chronic pleural empyema has been proved. The results ob-
tained may be a sufficient basis for recommending clinical trials.
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Introduction. The drugs affecting a mitochondrial dysfunction, oxidative stresses, apoptosis and inflammation of the vascular 
wall, have a high potential for the prevention and treatment of atherosclerotic lesions. In this regard, the use of EPOR/CD131 
heteroreceptor agonists which have a similar spectrum of pharmacological effects, is one of the promising strategies in the 
treatment of cardiovascular diseases.
Materials and Methods. The study was carried out on 68 C57Bl/6J male mice. Atherosclerosis was simulated in transgenic 
animals with an endotheliospecific knockdown of the Polg gene by simulating a balloon injury and keeping on a Western diet. 
Then, the studied drugs were injected once every 3 days at the dose of 20 μg/kg for 27 days. On the 28th day, the animals 
were euthanized and the area of atherosclerotic plaques was assessed. The gene expression associated with the processes of 
inflammation, antioxidant protection, apoptosis, and angiogenesis was also determined in the aortic tissues. In addition, the 
endothelium protective effect of peptides on primary cultures of endothelial cells of wild and transgenic Polg-D257A mice 
was studied.
Results. No statistically significant effect of drugs on the area of lipid infiltration have been found. However, the studied 
peptides have significantly reduced the expression of proinflammatory genes (iNos, Icam1, Vcam1, Sele, Il6, Tnfa), the genes 
associated with angiogenesis (Vegfa, Kdr, and Hif1a), the expression of proapoptic factors; they decreased the Bax/Bcl-2 ratio 
by more than 1.5 times. In addition, when supplemented with H2O2 in vitro, peptides dose-dependently increased endothe-
lial cell survival.
Conclusion. The erythropoietin-based peptides can be used to improve the functional state of the vascular wall against the 
background of atherosclerotic lesions and have a depressing effect on pathobiological processes associated with a mito-
chondrial dysfunction. In addition, the studied peptides have a significant endothelial protective effect in the induction of 
oxidative stress in vitro.
Keywords: atherosclerosis, erythropoietin derivatives, mitochondrial dysfunction, oxidative stress
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Введение. Препараты, воздействующие на митохондриальную дисфункцию, оксидативный стресс, апоптоз и воспа-
ление сосудистой стенки, обладают высоким потенциалом при профилактике и лечении атеросклеротических пора-
жений. В этой связи применение агонистов гетерорецептора EPOR/CD131, которые обладают подобным спектром 
фармакологических эффектов, является одной из перспективных стратегий в лечении кардиоваскулярных заболева-
ний.
Материалы и методы. Исследование было проведено на 68 самцах мышей C57Bl/6J. Атеросклероз моделировали на 
трансгенных животных с эндотелиоспецифичным нокдауном гена Polg путем моделирования баллонной травмы и 
содержания на западной диете. Затем в течение 27 дней вводили изучаемые препараты 1 раз в 3 дня в дозе 20 мкг/кг.  
На 28-й день животных эвтаназировали и оценивали площадь атеросклеротических бляшек. Также в тканях аорты 
определяли экспрессию генов, связанных с процессами воспаления, антиоксидантной защиты, апоптоза, ангиогене-
за. Кроме того, было изучено эндотелиопротективное действие пептидов на первичных культурах эндотелиоцитов 
диких и трансгенных мышей Polg-D257A.
Результаты. Мы не обнаружили статистически значимого влияния препаратов на площадь липидной инфильтрации. 
Однако исследуемые пептиды значимо уменьшили экспрессию провоспалительных генов iNos, Icam1, Vcam1, Sele, Il6, 
Tnfa, генов, связанных с ангиогенезом Vegfa, Flt-1 и Hif1a, экспрессию проапоптических факторов и более чем в 1,5 
раза снизили соотношение Bax/Bcl-2. Кроме того, пептиды дозозависимо увеличили выживаемость эндотелиоцитов 
при добавлении H2O2 in vitro.
Заключение. Используемые пептиды на основе эритропоэтина способны улучшать функциональное состояние со-
судистой стенки на фоне атеросклеротического поражения и оказывают угнетающее влияние на патобиологические 
процессы, связанные с митохондриальной дисфункцией. Кроме того, исследуемые пептиды оказывают значимый 
эндотелиопротективный эффект при индукции оксидативного стресса in vitro. 
Ключевые слова: атеросклероз, производные эритропоэтина, митохондриальная дисфункция, оксидативный стресс.

INTRODUCTION
Atherosclerosis is a chronic disease of the walls of 

vascular walls. It is characterized by aseptic inflammation, 
impaired perfusion of organs and tissues, a tendency to 
thrombosis and a progressive dysfunction of vascular 
walls in the process of aging. In 1912, at the meeting 
of the Society of Russian Physicians in St. Petersburg, a 
prominent Russian scientist N.N. Anitschkow together 
with S.S. Khalatov presented the first results of his 
revolutionary research concerning the identification 
of the relationships between alimentary factors, blood 
cholesterol levels and atherosclerosis. The prize for the 

most outstanding research in the field of atherosclerosis 
is currently named after N.N. Anitschkow. Since the time 
of these works, atherosclerosis has been considered 
primarily as a disease caused by the accumulation of 
cholesterol in the vascular walls [1]. This concept is still 
the key to reducing a cardiovascular risk. However, it 
is now generally accepted that dyslipidemia is the only 
cause of atherosclerosis in familial hypercholesterolemia 
only. In other cases, atherosclerosis is the result of the 
combined effect of a number of pathogenetic factors; 
among them there is an endothelial dysfunction [2], 
hemodynamic overload [3–5], migration of smooth 
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muscle cells [6], chronic sterile vascular inflammation 
and a number of other processes.

In the pathobiology of atherosclerosis, a special place 
is given to the disruption of a mitochondrial function 
[7]. Mitochondria are the main generator of reactive 
oxygen species (ROS) in the cell. For example, it is known 
that passing along the redox gradient of the electron 
transport chain, 1–3% of electrons prematurely react 
with oxygen in complexes I and III to form superoxide 
and other types of ROS [8]. Under various pathological 
conditions, including hypoxia and inflammation, their 
number may increase. In addition, mitochondria play 
not only a metabolic role in vascular cells, but also an 
important regulatory and signaling one [8].

It is also important that a mitochondrial dysfunction 
in other cells, including neurons and cardiomyocytes, 
leads to a decrease in their resistance to ischemia, 
which is expressed in an increase in deaths against 
the background of cerebral strokes, coronary artery 
occlusions, infarctions of kidneys and other organs. 
In connection with the indicated information, the 
pathogenetic cascade combining a mitochondrial 
dysfunction and atherosclerosis, is becoming a relevant 
target for pharmacological effects.

Agonists of the heterodimeric erythropoietin receptor 
EPOR/CD131 can be considered as a promising therapeutic 
approach for influencing the mitochondrial link in case of 
damage to the vascular wall. The first drug from this group 
was the 11-amino acid peptide pHBSP (pyroglutamate 
helix B surface peptide), discovered by a research group 
guided by Michael Brines, in 2008 [9]. Previously, this 
peptide was demonstrated to have a pronounced 
endothelium protective effect in modeling an L-NAME-
induced endothelial dysfunction in rats [10, 11]. However, 
in this study, a side effect in the form of a prothrombotic 
action has also been identified. In this regard, an attempt 
to modernize this molecule by adding tripeptide motifs 
with an antiplatelet effect was made. As a result, two 
fundamentally new compounds combining cytoprotective 
[12] and antiplatelet effects (the unpublished data of the 
authers’ own), were obtained. Here, the reports on the 
results of studying the antiatherosclerotic activity of these 
compounds are presented.

THE AIM of the study was to evaluate the anti-
atherosclerotic and endothelium protective properties 
of short peptide derivatives of erythropoietin.

MATERIALS AND METHODS
Animals and diet
C57Bl/6J mice were used as the main test system. The 

animals were donated to the Center for Collective Use of 
the Institute of Gene Biology, the Russian Academy of 
Sciences, and were kept in the preclinical research center 
of the Research Institute of Pharmacology of Living 
Systems. After passing a 14-day quarantine regime, the 
mice were stratified by weight and placed in separate 
conventional cages in accordance with their belonging 

to the experimental group. Before and during the study, 
the animals were kept in the rooms with artificial lighting 
(12h/12h mode) at the temperature of 21–23° C, the 
humidity of 38–50%; they had a free access to food and 
water. The number of the conclusion of the independent 
ethical committee is 06-09/02-1 dated 12/16/2019.

The study included 16 wild-type males and 52 males 
(25–30 g) with the Polg-D257A/Cdh5-CRE genotype 
against the background of C57Bl/6J. The genotype is 
associated with an endothelial-specific knockdown of 
the Polg gene encoding the polymerase gamma enzyme. 
Disturbances in the work of this enzyme lead to the 
development of a mitochondrial dysfunction [13, 14]. 
This line was created at the Genome editing center of the 
IGB RAS to study the effects of the oxidative stress and 
mitochondrial dysfunction. The line is characterized by 
the presence of a mutant form of the Polg gene under the 
control of the CAG promoter and a stop cassette flanked 
by LoxP sites (the unpublished data); the basic structure 
is described in the article [15]. After cross-breeding with 
Cdh5-CRE mice, endothelial-specific removal of the stop 
cassette and overexpression of the mutant Polg form in 
the endothelium occur. 2 weeks before the operation, the 
animals were put on a Western diet with 2% cholesterol.

The carried out work met the requirements of the 
Law of the Russian Federation “On the Protection of 
Animals from Cruelty” dated June 24, 1998, the rules of 
laboratory practice when conducting preclinical studies 
in the Russian Federation (GOST 3 51000.3-96 and GOST 
R 53434-2009), European Community directives (86/609 
EU), the rules of the International Recommendations 
of the European Convention for the Protection of 
Vertebrate Animals used in experimental research 
(1997) and the Rules of laboratory practice adopted in 
the Russian Federation (order of the Ministry of Health 
of the Russian Federation No. 708 dated 29.08.2010).

Surgical procedures
The operation was performed on a heated table under 

a preparative microscope with anesthesia zolazepam 
(Virbac, Russia) 2.5 mg/100 g + xylazine (Biogel, Belarus) 2 
mg/100 g intraperitoneally 2 mg/100 g intraperitoneally); 
after performing a median laparotomy, the animals were 
isolated at the level between the bifurcation and the 
discharge of the renal arteries.

Two clips were placed on the exposed vessel, the 
arterial wall was incised between them, and the initial 
section of the balloon catheter was inserted (Fig. 1). 
Then the proximal clip was removed and the catheter 
was advanced cranially by 10 mm.

After that, water was pumped into the catheter 
balloon for 40 seconds, inflating it to a diameter of 1.5 
mm at the pressure of 10 bar. Finally, the catheter was 
removed, three stitches were applied to the incision in the 
aorta, and the wound was sutured. After the operation, 
the animals were placed in individual cages with sterilized 
paper bedding and watched until their awakening.



103

ОРИГИНАЛЬНАЯ СТАТЬЯ

Том 8, Выпуск 2, 2020

To alleviate the postoperative pain syndrome, 
within 3 days from the moment of the operation, the 
animals received Metamizole sodium (Pharmstandard-
Leksredstva (Russia) with drinking water ad libitum at 
the concentration of 50 mg of the substance per 100 ml 
of water [16, 17].

Experiment design and drug administration
The animals with the Polg-D257ACdh5-CRE geno-

type were divided into 5 equal groups:
1) Intact – the animals without pathology modeling 

and without drug administration (n=12);
2) Control – the animals with pathology modeling (bal-

loon injury + Western diet with a high cholesterol content), 
which, starting from the 1st day, were injected with water 
subcutaneously in the volume of 0.1 ml/10 g (n=12);

3) P-αB – the animals with pathology modeling, 
which, starting from the 1st day, were injected with the 
P-αB peptide (Pharmapark LLC) subcutaneously at the 
dose of 20 mcg /kg one time per 3 days for 27 days (total 
dose 180 mcg /kg, n =12);

4) P-αB1 – the animals with pathology modeling, 
which, starting from the 1st day, were injected with the 
P-aB1 peptide (Farmapark LLC) subcutaneously at the 
dose of 20 mcg/kg once every 3 days for 27 days (total 
dose 180 mcg /kg, n=12);

5) P-αB3 – the animals with pathology modeling, 
which, starting from the 1st day, were injected with the 
P-αB3 peptide (Farmapark LLC) subcutaneously at the 
dose of 20 mcg/kg once every 3 days for 27 days (total 
dose 180 mcg/kg, n=12) (Table 1).

Measuring the atherosclerotic plaque area 
Macroscopic examination of atherosclerotic aortic 

plaques was performed in four animals from each group. 
Briefly, on day 28 after the balloon trauma simulation, 
the animals were euthanized with an anesthesia over-
dose Zolazepam (Virbac, Russia) 10 mg/100 g intraperi-
toneally and the abdominal aorta was carefully removed 
from the bifurcation to the diaphragm level.

Then the preparations were longitudinally dissect-
ed, spread out on a foam substrate, washed with a 50% 
ethanol solution and immersed in an Oil Red O solu-
tion for 15 minutes. After that, the preparations were 
washed with distilled water, and digital photographs 
were taken. The ratio of the area of the atherosclerotic 
plaque (colored red) to the intact tissue was calculated 
using the imageJ program.

Quantitative polymerase chain reaction
After euthanasia, the aortic tissue in the area of the 

balloon injury was sampled from the other animals, ho-
mogenized and incubated for 10 minutes at 37°C in the 
“Extract RNA” solution. After lysing the sample in the 
reagent, it was subjected to chloroform cleansing, the 
supernatant sample was collected and washed with iso-
propyl alcohol and 70% ethyl alcohol. The concentration 

of the obtained RNA was measured using an IMPLEN 
NanoPhotometer spectrophotometer and adjusted to 
the concentration of 300 ng/µl.

A reverse transcription was performed using the 
MMLVRTSK021 set according to the manufacturer’s pro-
tocol (Evrogen). The mixture was carefully mixed and 
heated for 2 minutes at 70 °C to melt the secondary 
structures of RNA and then anneal the OligoDT primer. 
Then the samples were transferred to ice. The entire re-
action mixture was incubated for 60 min at 40 °C in a 
T100™ ThermalCycler (Bio-Rad).

To stop the reaction, the mixture was heated at 70°C 
for 10 minutes. The resulting DNA was diluted to the con-
centration of 1 ng/μl. The level of the gene expression 
was assessed relative to the values of the reference Gap-
dh gene. The calculation of the expression at the specific 
point was made according to the following formula: Gene 
expression = [(Ct (Gapdh)/Ct (Gene of interest)] (Table 2).

In vitro study of cytoprotective activity
In 8 intact mice (4 animals with the Polg-D257A/

Cdh5-CRE genotype and 4 wild-type animals) after eutha-
nasia under sterile conditions, the inferior vena cava was 
isolated and washed with a DPBS solution (Thermo FS) 
until the blood was completely removed. Then the vein 
was dissected to expose the inner surface and placed in a 
0.2% collagenase solution in DPBS with the addition of 0.9 
mM CaCl2, 0.493 mM MgCl2, 5.56 mM glucose, 0.327 mM 
sodium pyruvate, penicillin and streptomycin (Lonza), ex-
posing the intima to enzymatic dissociation. To increase 
the efficiency of the endothelial cell separation, the in-
ner layer was scraped off with sterile forceps. The colla-
genase solution containing the cells was collected in a 5 
ml tube, the resulting endothelial cells were cultured in 
DMEM-F12 medium (Lonza) supplemented with 20 mM 
HEPES buffer (Lonza), 5 U/ml heparin, 200 μg/ml ECGF 
(Sigma-Aldrich), 10% fetal calf serum (Thermoscientific) 
at 37 °C in a humid atmosphere containing 5% CO2 [18].

Cell viability was measured by a quantitative colori-
metric MTT analysis, which provides sensitive measure-
ments of cellular metabolic statuses, in particular a mito-
chondrial status, which can reflect early redox changes. 
Briefly, exponentially growing cells were seeded in a 96-
well plate at the density of 4×104 cells per well. Then 
the cells were treated with the studied peptides (P-aB, 
P-aB1, P-aB3 (LLC “Pharmapark”) in 3 concentrations – 
5, 30, 50 μg/ml for 2 hours. After pretreatment, 200 μM 
H202 was added for 24 hours to the culture medium. The 
negative control cells were treated with H2О2 only, and 
the positive control cells were not treated with anything 
at all. After the incubation for 24 hours, 10 µl of MTT 
assay set reagent was added to each well and the cells 
were incubated for an additional hour. The absorption of 
each reaction product was measured using a microplate 
reader at the wavelength of 450 nm. The results are ex-
pressed as a percentage of MTT uptake in control cells, 
which was assumed to be 100% (Fig. 2).
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Figure 1 – Schematic image and dimensions of the balloon catheter

Figure 2 – Primary monolayer of mouse endothelial cells (a 40× magnification)

Table 1 – Amino acid sequence of the tested compounds

Laboratory cipher Amino acid sequence
P-αB ____QEQLERALNSS

P-αB1 RGDQEQLERALNSS
P-αB3 KGDQEQLERALNSS

Table 2 – Primers used for quantitative PCR

Gene F-primer R- primer
Product 
length
(b.p.)

GenBank

Trp53 (p53) CGACTACAGTTAGGGGGCAC CCATGGCAGTCATCCAGTCT 95 NM_001127233.1
Bcl2 TCACCCCTGGTGGACAACAT TTCCACAAAGGCATCCCAGC 102 NM_009741.5
Bax CCCGAGCTGATCAGAACCAT GAGGCCTTCCCAGCCAC 96 NM_007527.3
Pon2 CTTCCACACTGCCACCTGAT TCCTGGGAATTTTAGACCCACA 105 NM_000305.3
Sod2 GGCTGGCTTGGCTTCAATAAG AGCGGAATAAGGCCTGTTGTT 95 NM_013671.3
Vegfa (VEGF-A) GGGCCTCCGAAACCATGAA TGCAGCCTGGGACCACTTG 95 NM_001025250.3
Kdr(VEGFR) TGCAGGAAACTACACGGTCA CGATCTGGGGTGGGACATTC 95 NM_001363216.1
Nos2 (iNOS) GCTCTAGTGAAGCAAAGCCCA GGGATTCTGGAACATTCTGTGC 103 NM_001313921.1
Icam1 CTCCGGACTTTCGATCTTCCA CCTTCCAGGGAGCAAAACAAC 98 NM_010493.3
Vcam1 TACTGTTTGCAGTCTCTCAAGC CGTAGTGCTGCAAGTGAGGG 101 NM_011693.3
Sele (E-selectin) GGGAAGAAGACTGTCCTAGCC AGGGGAGCTGGCTTCCTAAG 96 XM_006496715.3
Hif1a AGAACAACTTGAGCTGGCGT TGGAGGTGAACTAGGCTCTGT 103 NM_001092957.1
Casp1 (Caspase-1) TGTATTCACGCCCTGTTGGA CCCTCAGGATCTTGTCAGCC 100 NM_009807.2
Casp3 (Caspase-3) GCTTGGAACGGTACGCTAAG CTTGCTCCCATGTATGGTCTT 105 NM_001284409.1
Il6 GACTGGGGATGTCTGTAGCTC TGGATGGAAGTCTCTTGCAG 103 NM_001314054.1
Tnfa (TNFa) ACTGAACTTCGGGGTGATCG ACTTGGTGGTTTGTGAGTGTG 105 NM_001278601.1
Gapdh GGGTCCCAGCTTAGGTTCATC CCCAATACGGCCAAATCCGT 100 NM_001289726.1



105

ОРИГИНАЛЬНАЯ СТАТЬЯ

Том 8, Выпуск 2, 2020

Statistical processing
The data obtained were checked for a normal 

distribution using the Shapiro-Wilk test. The data with 
the normal distribution were compared with each other 
using One-way ANOVA with Tukey’s HSD post hoc test. 
The data with the abnormal distribution were compared 
using the Kruskal-Wallis test and the post-hoc analysis 
according to Dunn’s method.

RESULTS
Macroscopic assessment of plaque
Macroscopic analysis revealed that by the 28th day 

after the balloon injury modeling, the lipid deposits 
characteristic of atherosclerosis were visualized in all 
aortic preparations stained with Oil Red O.

At the same time, the degree of damage varied 
greatly within the groups, which made it difficult to in-
terpret the results obtained. As a result, no significant 
differences between the control group and the groups 
using the tested drugs have been found, although a cer-
tain tendency to reduce the area was observed in the 
group using P-αB1 (Fig.3).

Quantitative PCR
Using a molecular biological analysis of plaque tis-

sues, it was found out that the studied peptides signifi-
cantly reduce the expression of pro-apoptotic factors 
Bax, caspase-1 and caspase-3, and also slightly increase 
the expression of antiapoptic factor Bcl-2. As the heat 
map in Fig. 2 shows, the greatest effect was demonstrat-
ed by preparation P-αB1 (Fig.4A).

For an integral assessment of the pro-apoptotic ori-
entation of tissues, the ratio of Bax expression to Bcl-2 
was calculated. The average calculated Bax/Bcl-2 ratio 
was 0.67 in the group of the intact animals, 1.81 in the 
control group, 1.19 in the group treated with P-aB, 0.96 
in the group treated with P-αB1 and 1.09 in the group 
treated with P-αB3 (Fig. 4B).

Along with the anti-apoptotic effect, the studied 
drugs decreased the expression of the genes for inflam-
matory marker Nos2, and molecules of intercellular ad-
hesion Icam1, Vcam1, and E-selectin, which had been 
increased against the background of trauma. The most 
pronounced effect was obtained in the group treated 
with the P-αB1 compound (Fig. 5).

In addition, the studied drugs reduced the expression 
of factors VEGF-A, VEGFR, and HIF-1a associated with 
angiogenesis (Fig. 6).

Finally, against the background of modeling athero-
sclerosis in Polg-D257A/Cdh5-CRE mice, it was found 
out that an increase in the expression of the genes of 
the antioxidant enzymes Pon2, Sod2 occurs. At the same 
time, in comparison with the control, the expression of 
the antioxidant system genes was reduced against the 
background of the use of the tested peptides. As well as 
in assessing the effect of peptides on pro-inflammatory 

and pro-angiogenic genes, the most pronounced effect 
was obtained in the group treated with the P-αB1 com-
pound (Fig. 7).

In vitro study of cytoprotective activity
When carrying out the MTT test on primary cul-

tures of endothelial cells, it was found out that even 
without the addition of H202, endothelial cells express-
ing Polg-D257A are characterized by a lower signal in-
tensity in comparison with the wild type. During the 
incubation with H2O2, most of Polg-D257A endothelial 
cells lost their signal intensity almost five times from 
80.60 (95% CI 77.29-84.94) to 15.79 (95% CI 11.97-
25.42) (Fig. 8).

The studied drugs, dose-dependently increased the 
cell survival under the conditions of the oxidative stress 
induced by the addition of H2O2. Moreover, the figure 
shows that modified peptides (P-αB1 and P-αB3) had 
a more pronounced effect compared to the base com-
pound (P-αB) when added in equivalent doses.

DISCUSSION
Peptide agonists of the EPOR/CD131 heterorecep-

tor are activators of erythropoietin-associated cytopro-
tection cascades. Compounds P-αB1 and P-αB3, along 
with primary anti-apoptotic properties, also have an 
antiplatelet activity, which is achieved through the intro-
duction of the KGD and RGD tripeptide motifs. In this 
study, as an experimental model for studying the anti-
atherosclerotic activity of P-αB1 and P-αB3, transgenic 
mice were used; they had a mitochondrial dysfunction 
against the background of the tissue-specific knockdown 
of the Polg gene encoding gamma polymerase.

Polymerase gamma is an enzyme that plays a key 
role in mitochondrial DNA replication. This enzyme 
demonstrates a high accuracy of work and, at the same 
time, has its own 3’->5’ exonuclease activity, due to 
which it is possible to correct polymerization errors. The 
inclusion of “wrong” nucleotides without subsequent 
correction leads to the accumulation of mitochondrial 
mutations and a mitochondrial dysfunction [19]. 
As a result, there is an increase in the production of 
active radicals and damage to the cell. Homozygous 
animals with a systemic Polg knockout do not survive, 
therefore, in this experiment an endotheliospecific 
gene knockdown was used [20]. This model reflects one 
of the key links in the pathogenesis of atherosclerosis 
– an oxidative stress against the background of a 
mitochondrial dysfunction. Nevertheless, in any animal 
model of atherosclerosis, individual differences in 
timing and a degree of plaque formation are so great 
that very large groups of animals are needed to test 
drugs [21–23]. In this regard, a decision to standardize 
the process of atherogenesis through the induction of 
atherosclerosis by a balloon trauma and a Western diet 
was made.
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Figure 3 – Area of lipid deposits
Note: + is arithmetic mean

Figure 4 – Influence of the studied drugs on the relative expression of apoptosis markers
Note: A) Fig. A shows that against the background of the balloon damage modeling, the expression of the programmed cell death markers 

p53 and Bax increases significantly, and the expression of the anti-apoptotic marker Bcl-2 decreases. In almost all cases, the studied drugs return 
the expression of p53, Bax and Bcl to the level of the values in the intact group; B) Fig. B reflects the Bax/Bcl-2 ratio. The ratio characterizes the 
Pro-apoptic orientation of the cell: the higher it is, the more pronounced the activation of cascades of the programmed cell death. Fig. B shows 
that the P-αB1 peptide significantly reduces the Bax/Bcl-2 ratio.

+ is arithmetic mean; the statistical significance of the intergroup differences was detected using the Kruskal-Wallis test and the post-hoc 
analysis according to Dunne’s method.

А
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Figure 5 – The expression level of genes Nos2 (iNOS), Icam1, Vcam1 and Sele (E-selectin)

Figure 6 – Expression level of Vegfa (Vegf-A), Kdr (VEGFR-1), and HIF1alpha (HIF-1a)

Figure 7 – Expression level of genes PON2, SOD2

Figure 8 – Influence of H2O2 and tested peptides on the survival of endothelial cells with the Polg-D257A 
genotype

Note: † – relative to intact wild-type endothelial cells; * – p<0.0001 when compared with the group treated only with H202; # – p=0.0783 
when compared with the group treated with supplemented P-αB 30 μg/ml 
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In this model, atherosclerosis is associated with a 
traumatic effect on the vessel against the background 
of damage to endothelial cells due to a mitochondrial 
dysfunction. To confirm the in vivo effects, an in vitro 
study of the effectiveness of the selected peptides on 
a primary culture of endothelial cells Polg-D257A was also 
carried out. To enhance the oxidative stress, the cells in 
the presence of 200 μM H202 were incubated.

The studied peptides have demonstrated a pro-
nounced endothelioprotective effect in the oxidative 
stimulus the in vitro model. It has also been found out 
that the drugs have a pronounced reducing effect on the 
expression of pro-apoptotic markers. These results are 
consistent with the concept of the basic mechanism of 
the action of the erythropoietin derivatives. When the 
cytoprotective heteroreceptor EPOR/CD131 is activated, 
Jak/STAT-mediated signal transmission to the nucleus 
occurs, leading to “survival” signaling by reducing the 
expression of Pro-apoptotic genes [24, 25]. Similar ef-
fects of erythropoietin receptors stimulation have pre-
viously been shown in modeling of atherosclerosis [26].

In addition, it has also been found out that the ex-
pression of the genes of the antioxidant system PON2 
and SOD2 decreased in the treated animals compared to 
the control. The observed effect is associated with the 
fact that a strong oxidative and toxic stress develops in 
the vessels of the control group animals, stimulating an 
increase in the expression of genes of the antioxidant 
system. At the same time, against the background of the 
treatment, pathological phenomena in the cells were re-
duced, and the stimulating activity against the PON2 and 
SOD2 genes also decreased.

It has also been found out the peptide agonists 
EPOR/CD131 have a pronounced anti-inflammatory 
activity, reducing the expression of pro-inflammatory 
cytokines and intercellular adhesion molecules. Inflam-
mation is an active factor in the development of athero-
sclerosis and it contributes to the destabilization of ath-
erosclerotic plaques [27]. VCAM-1, ICAM-1, IL-6, TNF-a 
molecules play a special role in regulating inflammatory 
cascades and vascular infiltration by immune cells [28-

30]. In general, the anti-inflammatory effect of erythro-
poietin and its derivatives is a widely studied phenome-
non [31, 32]. Therefore, our data fit into the general idea 
of the pharmacodynamics of EPOR/CD131 agonists.

Further on, a decision to evaluate the effect of the 
studied peptides on the expression of genes encoding 
angiogenic factors was made. Angiogenic factors play an 
important role in the atherosclerosis progression, and 
erythropoietin is known to be able to stimulate angio-
genesis [33]. In atherosclerosis areas, specific local con-
ditions (relative anoxia, inflammation, oxidative stress-
es) increase the expression of classical and nonclassical 
angiogenic factors that promote the proliferation of 
pre-existing vasa vasorum [34]. Neovascularization in-
creases the local flow of nutrients and O2 and thus may 
contribute to the progression and remodeling of plaques 
[35]. The obtained results demonstrated that, in contrast 
to erythropoietin, peptide agonists EPOR/CD131 exhib-
it antiangiogenic effects, at least against atherosclerotic 
plaques.

CONCLUSION
Previously, the following hypothesis had been for-

mulated and confirmed: by adding the tripeptide mo-
tifs KGD and RGD, cytoprotective peptide derivatives of 
erythropoietin can acquire antiplatelet properties. In the 
course of this study two innovative peptides and a base 
compound were demonstrated. In this study, it has been 
demonstrated that two innovative peptides and a basic 
compound P-αB (pHBSP) protect endothelial cells in vi-
tro; they also reduce pro-apoptotic, pro-inflammatory, 
and angiogenic activation of vascular wall cells in the 
model of atherosclerosis combined with a mitochondrial 
dysfunction. Such a pharmacological activity of the stud-
ied drugs seems to be very promising in combination 
with the information on the presence of an antiplatelet 
activity in them. Thus, the observed effects complement 
the information on the cardiovascular activity of innova-
tive peptides P-αB1 and P-αB3, as well as new prospects 
in the development of peptides combining atheropro-
tective and antiplatelet properties.
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ANTI-RADICAL (НО∙) ACTIVITY OF RELATED STRUCTURES 
CONTAINING A CINNAMOYL FRAGMENT 
II. DERIVATIVES OF 2’,4’-DIHYDROXYCHALCONE,  
FLAVANONE AND FLAVONE, CONTAINING  
A HYDROXY GROUP IN POSITION 7
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42 derivatives of 2’,4’-dihydroxychalcone, flavanone and flavone, containing the hydroxy group in position 7 (ring “A”), as well 
as substituents in the ring “B”, have been studied. 
The aim is to study the quantum-chemical parameters of 2’,4’-dihydroxychalcone, flavanone and flavone derivatives 
containing a hydroxy group in position 7, in order to identify the effect of substituents on Mulliken charges (a.e) in the 
aromatic core “A”, bond numbers (Nµ), the unsaturation index (IUA) and the electron density of the carbon atoms of the 
cinnamoyl fragment. 
Materials and methods. The listed above parameters have been calculated by the semi-empirical method PM7 (WinMopac 
2016 program) on the workstation with an Intel Xeon E5-1620 3.5 GHz processor, 20 GB of RAM. 
Results and discussion. The analysis of the values of quantum-chemical parameters, as well as their comparison with the 
corresponding indicators presented in Report I, revealed a number of important features associated with the influence of the 
hydroxy group in position 7 (ring “A”) on the studied quantum-chemical parameters of molecules. It has been established that 
the hydroxy group in the ring “A” does not significantly affect the Mulliken charge and the electron density of the carbon atoms 
of the propenone unit C-7→C-8→C-9. On atom C-9 (carbonyl carbon), the Mulliken charge always has a positive value, and 
the electron density is about 3.4670-3.4840 for all three groups of compounds. The transition from 2’,4’-dihydroxychalcone 
to flavanone and flavone by the formation of the pyrone heterocycle, is accompanied by an increase in the negative charge 
on C-8, which can be explained by the involvement of the oxygen heteroatom in the transmission of electronic effects. 
The hydroxy group in the ring “A”, has practically no effect on the charge and electron density of atoms. An analysis of the 
values of bond numbers and unsaturation indices suggests that atoms C-1 of 2’,4’-dihydroxychalcone and 7-hydroxyflavanone 
derivatives, are characterized by the lowest Nµ value; the lowest bond numbers are characteristic for atom C-8 derivatives 
of 7-hydroxyflavone. Consequently, the primary attack of the HO∙radical will be directed at C-1 (in chalcones and flavanones) 
and at C-8 in flavones. 
Conclusion. The performed quantum-chemical calculations make it possible to analyze the effect on the main quantum-
chemical parameters of the molecule, which can be useful in predicting the biological activity of flavanoid compounds due to 
their antiradical effect on reactive oxygen intermediate species (ROIs). 
Keywords: hydroxyl radical, chalcones, flavanones, flavones, Mulliken charges, bond numbers, unsaturation index, electron 
density

For citation: E.T. Oganesyan, S.S. Shatokhin. Using quantum-chemical parameters for predicting anti-radical (но∙) activity of related structures 
containing a cinnamoyl fragment. II. Derivatives of 2’,4’-dihydroxychalcone, flavanone and flavone, containing a hydroxy group in position 7.  
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ДЛЯ ПРОГНОЗИРОВАНИЯ АНТИРАДИКАЛЬНОЙ (НО·)  
АКТИВНОСТИ РОДСТВЕННЫХ СТРУКТУР,  
СОДЕРЖАЩИХ ЦИННАМОИЛЬНЫЙ ФРАГМЕНТ.  
II. ПРОИЗВОДНЫЕ 2’,4’-ДИГИДРОКСИХАЛКОНА,  
А ТАКЖЕ ФЛАВАНОНА И ФЛАВОНА,  
СОДЕРЖАЩИЕ ГИДРОКСИГРУППУ В ПОЛОЖЕНИИ 7
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Изучено 42 производных 2’,4-дигидроксихалкона, флаванона и флавона, содержащих гидроксигруппу в положении 7 
(кольцо «А»), а также заместители в кольце «В». 
Цель работы: изучение квантово-химических параметров производных 2’,4’-дигидроксихалкона, флаванона и флаво-
на, содержащих гидроксигруппу в положении 7, с целью выявления влияния заместителей в ароматическом ядре «А» 
на малликеновские заряды (а.е), связевые числа (Nµ), индекс ненасыщенности (IUA) и электронную плотность атомов 
углерода циннамоильного фрагмента.
Материалы и методы. Полуэмпирическим методом PM7 (программа WinMopac 2016) на рабочей станции с процес-
сором IntelXeonE5-1620 3,5 ГГц, 20 Гб оперативной памяти рассчитаны перечисленные выше квантово-химические 
параметры анализируемых соединений. 
Результаты и их обсуждение. Анализ величин квантово-химических параметров, а также их сравнение с соответству-
ющими показателями, представленными в нашем сообщении I, позволил выявить ряд важных особенностей, связан-
ных с влиянием гидроксигруппы в положении 7 (кольцо «А») на изучаемые параметры молекул. Установлено, что ги-
дроксигруппа в кольце «А» не оказывает существенного влияния на малликеновский заряд и электронную плотность 
атомов углерода пропенонового звена С-7→С-8→С-9. На атоме С-9 (карбонильный углерод) малликеновский заряд 
всегда имеет положительное значение, а электронная плотность равна примерно 3,4670–3,4840 у всех трех групп 
соединений. Переход от 2’,4’-дигидроксихалкона к флаванону и флавону путем формирования пиронового гетеро-
цикла сопровождается повышением отрицательного заряда на С-8, что можно объяснить вовлечением гетероатома 
кислорода в процесс передачи электронных эффектов. Гидроксигруппа в кольце «А» практически не влияет на заряд и 
электронную плотность атомов. Анализ значений связевых чисел и индексов ненасыщенности свидетельствует о том, 
что наименьшим значением Nµ характеризуются атомы С-1 производных 2’,4’-дигидроксихалкона и 7-гидроксифла-
ванона; наименьшие связевые числа характерны для атома С-8 производных 7-гидроксифлавона. Из этого следует, 
что первичная атака электрофильного по характеру радикала НО будет направлена на С-1 (у халконов и флаванонов) 
и С-8 у флавонов. 
Заключение. Проведенные расчеты позволяют проанализировать влияние гидроксигруппы в кольце «А» на важней-
шие квантово-химические параметры молекул, что может быть полезно при прогнозировании биологической актив-
ности флавоноидных соединений за счет их антирадикального влияния на активные формы кислорода (АФК).
Ключевые слова: гидроксильный радикал, халконы, флаваноны, флавоны, малликеновские заряды, связевые числа, 
индекс ненасыщенности, электронная плотность

INTRODUCTION
The known facts about the correlation of free radical 

oxidation with the formation of pathochemical process-
es and the resulting diseases, actualizes the problem of 
finding new biologically active compounds exhibiting 
antiradical properties [1-3]. In this regard, the struc-
tures containing three substituents in positions 2,3,4 
of the aromatic nucleus of the main conjugation chain 
[4] (cinnamoyl fragment) – 2,3,4-trihydroxy-, 2,4-dime-
thoxy-3-hydroxy- and 2,4-di-tert-butyl-3-hydroxy de-
rivatives – are of significant interest [5]. In this type of 

substitution, phenolic hydroxyl in C-3 is surrounded by 
two ortho substituents, due to the screening effect of 
which the spatially hindered phenoxy radical is charac-
terized by a sufficient stability. It is important to notify 
that the Gibbs free energy of the homolytic cleavage of 
the Н–О bond, is quite low and averages -163.61 kJ/mol. 
Modeling the molecular dynamics of changes in the po-
tential Н-O bond energy made it possible to determine 
the activation energy equal to 34.918 kJ/mol, and this 
indicates that this reaction is easy at the temperatures 
of ~ 36–37 °С (~ 310 K).

DOI: 10.19163/2307-9266-2020-8-2-112-123
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* Note: The numbering of carbon atoms is given in accordance with the programs generated by the calculation.
** Note: The scheme is presented in accordance with [6]

Table 1 – Derivatives of chalcone, flavanone and flavone, containing a hydroxy group  
in position 12* of the ring “A”**

 
Compounds, No. Positions of substituents in the ring “В”

Chalcone Flavanone Flavone 1 2 3 4
1х 1anone 1one H H H H
2х 2anone 2one OH H H H
3х 3anone 3one CH3O H H H
4х 4anone 4one H OH H H
5х 5anone 5one H CH3O H H
6х 6anone 6one H H OH H
7х 7anone 7one H H CH3O H
8х 8anone 8one H OH OH OH
9х 9anone 9one H CH3O OH H

10х 1anone 10one H OH CH3O H
11х 11anone 11one H CH3O CH3O H
12х 12anone 12one H OH OH OH
13х 13anone 13one H CH3O CH3O CH3O
14х 14anone 14one H (CH3)3C CH3O (CH3)3C

Further on, 42 compounds – derivatives of chal-
cone, flavanone and flavone containing substituents in 
the ring “B” and a hydroxyl group in position 7 of the ring 
“A”, have been studied.

THE AIM is to study quantum-chemical parameters 
of the derivatives of 2’,4’-dihydroxychalcone, flavanone 
and flavone containing a hydroxy group in position 7 in 
order to identify the effect of substituents in the aromat-
ic nucleus “A” on Mulliken charges (a.e), bond numbers 
(Nµ), unsaturation index (IUA) and the electron density 
of carbon atoms of the cinnamoyl fragment.

MATERIALS AND METHODS
The objects of the study were hydroxy and methoxy 

substituted, chalcone, flavone and flavanone derivatives 
in the aryl residue of the cinnamoyl fragment, 42 com-
pounds in total. Quantum-chemical parameters of the an-
alyzed structures were calculated on a workstation with 
an Intel Xeon E5-1620 3.5 GHz processor, 20 GB of RAM. 

RESULTS AND DISCUSSION
In this paper, the analyzed quantum-chemical pa-

rameters of compounds, their structures and symbols 
are presented in Table 1.

The Mulliken charges (a.e.)
In our previous report [5], in addition to cinnamic 

acid, 2’-hydroxychalcone derivatives that do not contain 
substituents in the ring “A” and their corresponding fla-
vanones, were analyzed.

In 2’-hydroxychalcone and the corresponding fla-
vanone [4], atoms C-9 have a positive Mulliken charge 
of approximately +0.4657 and +0.5222, respectively, 
and in all the analyzed compounds, without excep-
tion, atom C-8 has a negative value equal to approxi-
mately -0.300. This gave us grounds to conclude that 
the primary attack of the HO∙radical occurs precisely 
at position C-8 of both cinnamic acid and 2’-hydroxy 
chalcone, as well as the corresponding flavanone  
[5, 6].
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In this report, derivatives of 2’,4’-dihydroxychalcone 
are considered. During heterocyclization, they turn into 
7 (12)-hydroxyflavanones*, respectively.

Heterocyclization of 2’,4’-dihydroxychalcone to the 
corresponding 7-hydroxyflavanone and then to 7-hy-
droxyflavone causes changes in the values of Mulliken 
charges on atoms C-1 – C-8. In the absence of substit-
uents in the ring “B”, all three types of structures on 
atoms C-1 – C-6 and C-8 have a Mulliken charge of a 
negative value. If there is a substituent (OH or OCH3) 
in positions C-1 and/or C-3 of the “B” ring (compounds 
2x–7x; 2anone – 7anone; 2one – 7one) in atom C-8, 
the negative Mulliken charge increases substantially, 
reaching a maximum of –0.4420 (on average) in flava-
none (compounds 2anone, 3anone, 6anone, 7anone) 
and –0.4374 (on average) in flavone (compounds 2one, 
3one, 6one, 7one). In corresponding chalcones, the 
Mulliken charge on atoms C-8 averages –0.3527 (com-
pounds 2x, 3x, 6x, 7x). On atoms C-1 (compounds 2x, 
3x, 2anone, 3anone, 2one, 3one) the charge is positive 
and equals to +0.3244 on average (compounds 2x and 
3x), +0.2700 (compounds 2anone and 3anone) and 
+0.3191 (compounds 2one, 3one). A similar picture 
is observed for compounds 4x, 5x, 4anone, 5anone, 
8anone – 13anone, 5one – 12one and 14one. On at-
oms C-3 (compounds 6x – 14x, 6anone – 13 anone, 
8one– 12one) and practically on all atoms C-7 (except 
compounds 4x, 8x – 10x, 12x, 13x), the charge has also 
a positive value.

The changes in the values of Mulliken charges on at-
oms C-8 for chalcone derivatives (compounds 1x – 14x), 
flavanone (compounds 1anone– 14anone) and flavone 
(compounds 1one – 14one), follow the same pattern: for 
the compounds containing hydroxy- and methoxy groups 
in position C-1 of the “B” ring (ortho-position to the main 
conjugation chain); the average charge is equal to –0.3657 
(compounds 2x, 3x), –0.4450 (compounds 2anone, 3anone) 
and –0.4304 (compounds 2one, 3one) (Table 2). 

On carbon atoms which the electron-donating OH 
and OCH3-groups are bound with, the Mulliken charge 
has a positive value of +0.3406 (compound 2x), +0.2845 
(compound 6anone) and +0.3476 (compound 2one). 

There is a similar picture in case if -OH and -OCH3 

groups are located in position C-3 of the ring “B” (pa-
ra-position to the main conjugation chain): in chalcones 
6x and 7x, the Mulliken charge on C-8 is equal to -0,3370 
and -0.3425, respectively; in flavanones 6anone and 
7anone – -0.4424 and –0.4414, in flavones 6one and 
7one –0.4423 and -0.4466, respectively. Chalcone deriv-

* According to the nomenclature generally accepted for flavonoids, 
the structures in question should be designated as 7-hydroxy flava-
nones and 7 hydroxy flavones. Number 12 in brackets indicates the 
position generated by the calculation program.

atives 8x – 11x, flavanones 8anone – 11anone and fla-
vanones 8one– 11one in positions 2 and 3 of the ring 
“B” simultaneously contain two substituents: 2,3-dihy-
droxy-, 2-methoxy-3-hydroxy-, 2-hydroxy-3-methoxy- 
and 2,3-dimethoxy-. In these compounds, the Mulliken 
charge on C-8 varies slightly: on chalcones 8x – 11x, it 
is on average equal to –0.3281, for flavanones 8anone– 
11anone, it averages -0.4385, for flavones 8one– 11one 
а.е. -0,4310.

The Mulliken charge on C-8 in compounds 6x, 7x 
(chalcones), 6anone, 7anone (flavanones), 6one, 7one 
(flavones) containing one substituent (OH or OCH3) in 
position 3 of the ring “B”, significantly higher than for 
compounds 8x – 11x (chalcones), 8anone– 11anone (fla-
vanones) and 8one– 11one (flavones), which contain OH 
and OCH3 groups in positions 2,3. It is clear that when 
there is one substituent in C-3, the polar conjugation 
with the propenone fragment is much higher than with 
two substituents in positions C-2 and C-3 simultaneous-
ly. This fact is explained by the competing contribution 
of the substituent in C-2 with that in C-3, which can be 
seen when comparing the contribution of Taft σ-con-
stants: OH meta +0.127; OH para -0.370; OCH3 meta 
+0.115; OCH3 para -0.268 [7, 8].

Each of the compounds 13x, 14x, 13anone, 14anone, 
13one, 14one contains three substituents in positions 2, 
3, 4 and, despite the competitive contribution of Taft 
σ-constants, are characterized by approximately the 
same values of Mulliken charge on C-8.

It should be notified that on carbonyl carbon C-9, 
the Mulliken charge is characterized by a high positive 
value for all the analyzed compounds, and it is in the 
range from 0.5200 to 0.5335. Based on the data in Table 
2, the following can be postulated:
1. the value of Mulliken charges on cinnamoyl frag-

ment C-8 in chalcones in pairs (compounds I and 
IV), is almost the same (there are differences in 
the fourth decimal place after the comma). It 
means that the -OH group in position 4’ (com-
pound IV) has almost no effects on the charge of 
atom C-8;

2. derivatives of 2’,4’-dihydroxychalcons (compounds 
1x, 4x, 5x, 10x, 12x, 13x) have a very slight negative 
charge on atom C-7 (-0.0180 on average); here, the 
electron-donor substituents OH and OCH3 are in po-
sitions C-1 or C-3 of the ring “B”;

3. heterocyclization of the chalcones to the correspond-
ing flavanones and flavones contributes to an in-
crease in the negative charge on C-8, which is associ-
ated with the involvement of the oxygen heteroatom 
in the process of transferring electronic effects;

4. the negative charge on C-8 in flavanones (structures 
II and V) is significantly higher than that of the corre-
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sponding flavones (structures III and VI): there is no 
vinyl group C-7 – C-8 in flavanones;

5. if we compare the positive charge on atoms C-7 of the 
analyzed compounds, it is easy to see that this charge 
is almost twice lower in flavanones than in flavones;

6. the above listed features of the distribution of the 
Mulliken charges indicate that the electrophilic hy-
droxyl radical is primarily attached to C-8 position.

Electrondensity
When discussing the chemical properties of organ-

ic compounds containing fragments with conjugated 
bonds, not only the charge distribution on the reaction 
sites, but also the electron density on carbon atoms are 
helpful.

Analyzing our data on the electron density on the 
carbon atoms of the cinnamoyl fragment, it can be con-
cluded that using the relationship between the Mulliken 
charge (qµ) of the given atom, its electron density (Pµµ), 
and the number of electrons introduced by this atom 
into the total π-system (ɳµ), any of these parameters can 
be determined using this expression [9–11]:

qµ = ɳµ – Рµµ
Comparing the data presented in Tables 2, 3 and 

4, as well as those given in Report I, we found that all 
atoms of C-7 – C-8 – C-9 propenone unit contribute 4 
electrons to form the π-system. Note that the electron 
density for all compounds is 4 – (a.e.), as can be easily 
seen from the data in Table 3. For example, if a.e. = – 
0.26842, then the electron density = 4 – (–0.26842) = 
4.2684; if a.e. = +0.34766, then the electron density= 4 
– 0.34766 = 3.6523.

In all the analyzed groups of compounds (includ-

ing those presented in Report I), the highest electron 
density in the ring “B” bond system → C-7 → C-8 → 
C-9 is focused on C-8. Analyzing the values of elec-
tron densities on C-8 compounds considered in this 
article, and those previously given in Report 1, it can 
be noticed that the presence of hydroxy groups in the 
ring “A” (position 4’ in chalcones and 7 in flavanones 
and flavones) practically does not affect the value of 
this parameter. For comparison, Table 4 presents the 
values of electron densities for C-8 compounds con-
taining electron-donating substituents in position 1–4 
of the ring “B”.* 

The data of Table 3 show that the electron density 
values of C-8 in 2’-hydroxy- and 2’,4’-dihydroxychalcones 
are almost the same, identical to Mulliken charges (Table 
2). The same dependence is observed in both flavanone 
derivatives that do not contain a hydroxy group in the “A” 
ring, and 7-hydroxy flavanones; these compounds lack the 
C-7→C-8 vinyl group. The absence of the latter, formal-
ly excludes the influence of the +M effect from the elec-
tron-donating substituents of the ring “B” on the C-6→C-
7→C-8 chain of carbon atoms; however, the presence of 
an oxygen heteroatom can be the cause for the assump-
tion of its participation in the transmission of electronic 
effects in the following chain order; C-6→C-7→ → ring 
“A”. This assumption is true, since the electron densities 
in C-8 of flavanones and flavones are very close (Table 3).

Thus, taking into account the electrophilic proper-
ties of the hydroxyl radical, as well as the magnitude 
of Mulliken charges and electron densities, the addi-
tion of radical ·OH primarily from the C-8 position, is 
highly likely. It can be represented as the following 
diagram:

(OH or OCH3)

* To compare the data, Table 3 includes electron densities for a 
2’-OH-chalcone and the unsubstituted flavanone on the “A” ring. 

This scheme is consistent with the conclusions in 
[13, 14], obtained on the basis of calculations of the en-
thalpies of radical adducts formation.

Earlier, in accordance with the forecast, we obtained 
a cinnamic acid derivative, which contained tert-butyl 
radicals in positions C-2 and C-4 and a hydroxy group 
in C-3, in the aryl residue of the main conjugation chain 
(the ring “B”) [12]. It showed high cerebroprotective, 
antioxidant, endothelioprotective and actoprotective 
activities [15–18]:
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Such a high activity can be explained both by the 
presence of a sterically hindered hydroxy group in C-3, 
and by a high electron density (-4.3252) in C-8. Accord-
ing to the updated data, the Gibbs energy of homolytic 
cleavage of the O-H bond is 181.29 kJ/mol.

By the method of molecular dynamics, a simulated 
reaction according to which a process leading to the for-
mation of a highly active and spatially hindered phenox-
yl radical, has been carried out:

The fact about the cinnamoyl fragment as the main 
conjugation makes the greatest contribution to the reac-
tivity with respect to reactive oxygen intermediate spe-
cies (ROIs) and, therefore, to pharmacological activity. It 
is obvious and undeniable. This conclusion confirms the 
previously stated results [13, 14]. 

The above listed conclusions were the basis for pre-
dicting derivatives of chalcone, flavanone and flavone 
containing two tert-butyl radicals in positions 2,4 and a 
hydroxy group in C-3 in the aryl residue “B” (Table 1). 
These compounds are still virtual and will be synthesized 
in due course time, however, their quantum-chemical 
characteristics were found necessary to analyze, and the 
data are shown in Tables 2–4.

In the previous report it was pointed out that the 
Gibbs energy of the homolytic bond break H-O depends 
on the value of the unsaturation index (IUA) of the car-
bon atom which the hydroxy group is connected with: 
the higher the IUA value, the lower the bond break en-
ergy is.

Considering the closeness of the quantum-chemical 
characteristics of the predicted structures –14 chalcone, 
14flavanone and 14flavone (Table 1) with those of the 
previously obtained cinnamic acid derivative – it is possi-
ble to discuss their high pharmacological activity, which 
can be proved by the Gibbs energies of the cleavage of 
the Н-О bond (Table 4).

Table 4 – Gibbs free energy of homolytic bond cleavage OH

Structure IUA unsaturation index (C-3) Energy of homolytic bond cleavage OH

0.167 –181.29

0.166 –178.31

0.160 –163.08

0.253 250
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It should be notified that flavanone derivatives 
belong to systems with a closed conjugation chain. Al-
though flavanones also belong to the closed system, 

they lack Ar-C=C-C=O conjugation, and for this reason 
they are able to transform into the corresponding chal-
cones with a slight PH˃7 deviation:

For chalcones as compounds with an open conju-
gation chain, various geometric isomers are possible 
due to the cross-conjugated system, the most stable of 

which are the derivatives with the trans configuration of 
the vinylene fragment [19, 20]:

Such structural features of chalcones, in contrast to 
flavones, indicate additional centers of complementarity 
to the biological substrate, which can explain the pres-
ence of a wider spectrum of pharmacological activity, as 
well as the absence of prooxidant properties [21].

Bond numbers (Nµ) 
and unsaturation indices (IUA)
In the method of Hückel molecular orbitals (HMO), 

the values of bond orders [9] are used to characterize 
molecules, which characterize a relative strength of the 
covalent bond, its length and reactivity. The sum of all 
the bond orders belonging to the given atom, deter-
mines the bond number (Nµ), which characterizes the 
degree of saturation of a particular atom. The larger the 
Nµ value, the higher the degree of saturation, and, con-
versely, the lower the Nµ value, the greater is the abil-
ity of a given atom to form new bonds. This property 
is closely related to the unsaturation index (IUA) and 
theoretical valency (Vµ), between which there is a re-
lationship:

IUA = Vµ – Nµ
Table 5 below examplifies the matrix of quantum 

chemical parameters obtained by analyzing the com-
pounds considered in this report.

The comparison of the Nµ values on the C-1→C-
6→C-7→C-8 site of the cinnamoyl fragment of the ana-
lyzed compounds (Table 6), makes it possible to draw a 
number of conclusions:
1. in the derivatives of 2’,4’-dihydroxychalcone, an in-

crease in Nµ from C-1 to C-7 is observed, which then 
decreases slightly in C-8;

2. a similar pattern is observed in the derivatives of 
7-hydroxyflavanones;

3. in 7-hydroxyflavone, the Nµ values in atoms C-1 and 
C-6 are almost the same and amount to an average 
of 3.769, but in C-7 there is an increase in this pa-
rameter, which reaches an average of 3.803;

4. in C-8 of 7-hydroxyflavone derivatives, Nµ decreases 
very sharply and averages 3.696; this indicates an 
increase in the unsaturation of this atom;

5. based on the data obtained, it can be reliably con-
cluded that reactive oxygen intermediate species 
(ROIs) will primarily be bound by flavonoids in posi-
tion C-8 of the propenone fragment.

CONCLUSION
In this report, representatives of the extensive 

group of natural compounds – flavonoids: chalcones, 
flavanones and flavones containing electron-donating 
substituents in the ring “B” (i.e. they are in the aromat-
ic core of the cinnamoyl fragment) –  have been con-
sidered. All the analyzed structures contain a hydroxy 
group in the position of 4’-chalcones and in the position 
of 7-flavanones and flavones *̽.

The analysis and comparison of such parameters as 
the bond number (Nµ), unsaturation index (IUA), and 
electron density indicate that they differ insignificantly, 
but a high electron density in C-8 is common to them. 

It is characteristic for C-7 atoms in the cinnamoyl 
fragment C-1→C-6 →C-7→C-8→C-9 of all three types of 
structures, to have the highest Nµ value and a positive 
Mulliken charge, and C-8 atoms are characterized by the 
smallest bond number and the highest electron density. 
This indicates the fact that the primary attack of the elec-
trophilic radical HO• is most likely to the position of C-8.

* Compounds 14x, 14anon and 14on are not found in nature and so far 
are virtual. In one of the messages we give methods for their synthesis.
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Аппликационные формы с момента своего появления во второй половине XX века привлекают внимание специа-
листов, занимающихся вопросами накожного применения фармакологически активных средств. При этом интерес 
вызывает как оказание локализованного воздействия на наружные покровы, так и возможность достижения систем-

Since the moment of their appearance in the second half of the 20th century, application forms have attracted the attention 
of the specialists involved in the skin application of pharmacologically active agents. Herewith, both localized exposure to the 
external integuments and the possibility of achieving a systemic effect, are of interest. The range of products used in modern 
films, is also wide – from pharmaceutical substances to biologically active components of cosmetics.
The aim of the present work is to study the current state of research in the field of the creation and improvement of medic-
inal and cosmeceutical films.
Materials and methods. The study was conducted on the base of patent information (fips.ru, findpatent.ru) and information 
and search databases – the State register of medicines (grls.rosminzdrav.ru) and the data from the Federal accreditation ser-
vice (www.fsa.gov.ru), as well as scientific libraries (Google Scholar, eLIBRARY, PubMed) and reference literature.
Results. Native and foreign medicinal films have longer than a 50-year history of their existence in the pharmaceutical mar-
ket. Modern scientists’ interest in this application form, does not fade away due to a great number of its positive character-
istics. In addition to pharmaceutical applications, films are widely used in cosmetics in the form of masks applied to the skin. 
Biologically active substances are widely used in cosmetics which, in recent years, has led to the emergence of a group of 
cosmeceutical products that combine medical and cosmetic films. The article also discusses film manufacturing technology, 
active substances, as well as polymers used for medicinal and cosmetic films presented in the Russian market.
Conclusion. The analysis of the literature data makes it possible to conclude that the development of films is promising in 
both medicine and cosmeceuticals.
Keywords: medicinal films, biologically active components, matrix, polymers, cosmetic films, cosmeceutics, classification of 
films, history of film development, film manufacturing technology
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ного эффекта. Широк также и диапазон применяемых в составе современных пленок средств – от фармацевтических 
субстанций до биологически активных компонентов косметических средств.
Цель. Настоящая работа посвящена изучению современного состояния российских исследований в области создания 
и совершенствования лекарственных и космецевтических пленок.
Материалы и методы. Исследование проводилось с использованием патентно-информационных (fips.ru, findpatent.ru)  
и информационно-поисковых баз – Государственного реестра лекарственных средств (grls.rosminzdrav.ru) и дан-
ных Федеральной службы по аккредитации (www.fsa.gov.ru), а также научных библиотек (GoogleScholar, eLIBRARY, 
PubMed) и справочной литературы. 
Результаты. В России и за рубежом лекарственные пленки насчитывают более чем 50-летнюю историю своего суще-
ствования на фармацевтическом рынке. Интерес современных ученых к данной аппликационной форме не угаса-
ет благодаря большому количеству положительных характеристик. Помимо фармацевтической сферы применения 
пленки получили широкое распространение в косметике, где применяются в качестве масок, наносимых на кожу. В 
косметических средствах широко применяются биологически активные вещества, что в последние годы привело к 
появлению группы космецевтической продукции, объединяющей медицинские и косметические пленки. Также в ста-
тье рассмотрены методы получения пленок, действующие вещества и полимеры, применяемые для лекарственных и 
косметических пленок, представленных на российском рынке.
Заключение. Проведенный анализ данных литературы позволяет сделать вывод о перспективном развитии пленок в 
российской медицине и космецевтике.
Ключевые слова: пленки лекарственные, биологически активные компоненты, матрица, полимеры, пленки космети-
ческие, космецевтика, классификация пленок, история развития пленок, технология изготовления пленок

INTRODUCTION
Application (from the Latin. applicatio – application) 

as a way to use medicines and cosmetics and medical 
products, has been known since ancient times. Applica-
tion preparations are considered dosage forms and oth-
er products applied to the skin, mucous membranes or 
wound surfaces and somehow fixed on them. This meth-
od of application, depending on the active ingredients 
used, excipients and design features of the application 
preparation, makes it possible to achieve both local-
ized and systemic effects on the human body. The latter 
gives a possibility to consider application preparations 
not from the point of view of being traditional dosage 
forms, but as delivery systems [1]. One of the promis-
ing directions for the development of local-regional and 
transdermal drug delivery systems is self-fixing applica-
tion dosage forms and, in particular, films.

THE AIM of the present work is to study the cur-
rent state of research in the field of the creation and im-
provement of medicinal and cosmeceutical films.

MATERIALS AND METHODS
The study was conducted on the base of informa-

tion (fips.ru, findpatent.ru) and information and search 
databases – the State register of medicines (grls.ros-
minzdrav.ru) and data from the Federal accreditation 
service (www.fsa.gov.ru), as well as scientific libraries 
(Google Scholar, eLIBRARY, PubMed) and reference liter-
ature. The search depth of literary sources was 21 years, 
and the patent search depth was 17 years. The following 
search terms were used during the search for materials: 
“medicinal films”, “films”, “cosmetic films”, “films”.

RESULTS AND DISCUSSION
The history of films as a production form of med-

icines and cosmetics, has more than 50 years. For the 
first time in our country, films as a dosage form ap-
peared in the 60s of the XXth century, and their scope 
was limited to the ophthalmic practice [2]. In the for-
eign pharmaceutical market, a “film” dosage form was 
officially introduced in 1970 as a substitute for rapidly 
dissolving tablets [3]. In native pharmacy, the official 
definition of the “film” dosage form first appeared in 
the State Pharmacopoeia of the XIIIth edition in the 
general pharmacopeial article on ophthalmic dosage 
forms, where “ophthalmic films” were highlighted as 
“solid ophthalmic dosage forms for topical application” 
[4]. However, in already the XIVth edition of the State 
Pharmacopoeia, films as a separate general pharma-
copeial article, were highlighted as an independent 
dosage form. According to the definition of the cur-
rent pharmacopoeia, films are a solid dosage form, 
represented by thin plates of a suitable size, contain-
ing one or more active substances and some auxiliary 
substances, including film-forming ones. The scope of 
application of films as a dosage form of drugs was ex-
panded; depending on the method of administration 
and the route of administration, ophthalmic films and 
films for oral use are distinguished [5].

As any dosage form, films have a number of positive 
and negative featurers (advantages and disadvantages) 
that determine the scope of their application (Table 1) 
[6].
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Table 1 – Advantages and disadvantages of films as a dosage form

Advantages Disadvantages
Technological:
•	 film production does not require complex equipment;
•	 the possibility of combining various groups of active 

substances;
•	 ease of use because of the reduction of administra-

tion (with a prolonged release);
•	 sufficient mobility for patients’ self-use.

Pharmacological:
•	 prolongation possibility of active substances’ action;
•	 maintaining a constant concentration of active sub-

stances;
•	 possible reduction in a therapeutically active dose;
•	 if necessary, the dose of the active substance can be 

increased by applying an additional film;
•	 reducing or eliminating side effects;
•	 an active substance penetrates into the systemic 

bloodstream with a reduced effect of the first hepatic 
pass. 

•	 It is difficult to include considerable amounts of active 
substances in the composition of films;

•	 low in some cases, the rate of passive diffusion re-
quires the use of special auxiliary substances – pen-
etrators;

•	 active substances of natural origin can form compe-
tent complexes with auxiliary substances reducing 
their pharmacological activity;

•	 restraint of selection and a high cost of packaging;
•	 during storage, films can change their properties if 

packaging has been chosen incorrectly (loss of mois-
ture, dampness).

However, as Table 1 shows, in some cases, positive 
features of this dosage form can be also its disadvantag-
es. For example, the size of the dosage form allows it to 
be quite mobile and convenient to use, but since a film is 
a compact form, due to its size, it cannot include a large 
number of active substances. Films can also contain 
combinations of active substances in their composition, 
which is undoubtedly their positive feature. However, in 
this case, the selection of the composition is complicat-
ed by the fact that not only the active substances must 
be indifferent to each other, but also the base polymer 
in the manufacturing process, is more likely to bind the 
active substances and thus prevent their release.

The analysis of the literature data has shown that 
the most developed classification issues are for films as 
a medicinal form, while in the case of cosmetic films, the 
classification has not been given a sufficient attention. 

A growing interest of researchers and a vast scope of 
applications of “film” medicinal form, dictated the need 
to create classifications by various features.

For example, a detailed classification of films was 
presented by Professor E.A. Korzhavykh. According to 
the author, medicinal films can be classified according to 
four main characteristics:

1. by the route of administration: buccal, vaginal, 
ocular, dental, dermatological, intraocular;

2. by composition: collagen, fibrin, phyto-films;
3. by properties of the polymer: insoluble and rap-

idly dissolving;
4. by other features: impregnated, spray and 

modified release films.
5. One of the highlighted groups is a group of 

modified release films. 
A prolonged release of active components from the 

films is achieved through the use of certain polymers and 
their combinations. Thus, the results of a biopharmaceu-

tical study of remineralizing films with trimecaine hydro-
chloride and chlorhexidinebigluconate on four bases (so-
dium-carboxymethylcellulose, sodium alginate, Blanose 
7MF, Blanose 7M8SF) and remineralizing films with cal-
cium chloride, sodium phosphate bi-substituted, sodium 
fluoride based on methylcellulose, have been published. 
The results of this study showed that the rate of release 
of active substances from different bases is not the same: 
the base with sodium alginate had a prolonged release 
of the active substances, and Blanose 7M8SF provided an 
accelerated release, since this polymer base had a high 
swelling ability and, therefore, rapid dissolution [8]. A rap-
id release of active substances from the polymer base can 
be one of the advantages of films. An accelerated release, 
for example, is relevant for oral dispersed drugs contain-
ing nitroglycerin or loratidine [3, 9].

A mathematical analysis of the process of releasing 
the active component from a hydrophilic matrix (in par-
ticular, based on chitosan) placed in water, was carried 
out by A.O. Syromyasov and co-authors. As a result, the 
following mathematical model of the diffusion of sub-
stances from the same hydrophilic film, which takes into 
account the influence of various factors on this process, 
was proposed: the dependence of the properties of the 
matrix on the concentration of the active component in 
it, due to the phenomenon of partial binding of the ac-
tive component inside the matrix, and the dependence 
of the properties of the matrix on the time associated 
with its swelling and possible dissolution in an aqueous 
medium [10].

Since their inception, the films have undergone sig-
nificant modifications, for example, in terms of releas-
ing an active component. Thus, the issues related to the 
development of new compositions and improvement of 
technologies, are some of the “pressing issues” of mod-
ern pharmacy [11, 12].
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Currently, native scientists have developed a sig-
nificant number of compositions of polymer medicinal 
films with various effects: antimicrobial, antiviral, im-
munomodulating, affecting the cardiovascular system 
and also used for local anesthesia [9, 13, 14]. Modern 
films may contain herbal remedies, enzymes and oth-
er medicines as active ingredients for the treatment of 
ophthalmic, dental, dermatological, otorhinolaryngolog-
ical, gynecological, oncological diseases, burns, wounds, 
alcoholism, drug addiction, depression, angina pectoris, 
etc. [2, 15–18].

The greatest interest of researchers is attracted to 
the films for use in the oral cavity, containing active in-
gredients of natural, synthetic origin or a combination 
thereof. So, the composition was developed and the 
technology for producing dental films with bischofite 
having anti-edematous action was standardized [19].

A study on the creation of two-layer dental films with 
analgesic, anti-inflammatory and antimicrobial effects 
was conducted. As active ingredients, in the composi-
tion of these films, the authors used novocain, norsul-
fazolum-natrium and kalanchoe juice; a number of poly-
mers were used to create model matrix formulations of 
the dosage form: gelatin, methyl cellulose, polyvinyl al-
cohol and sodium carboxymethyl cellulose. To select the 
optimal basis, the film formers were compared among 
themselves on the basis of their organoleptic properties. 
The study showed that the optimal basis for Novocain is 
a 3% solution of methyl cellulose, and for norsulfazole, 
a 6% solution of polyvinyl alcohol is most suitable [20].

The results on physico-chemical research and the 
production of dental films based on collagen and gela-
tin, have been published; they contain 30% chlorhexi-
dine in their composition. It has been established that 
the gelation process is influenced by concentration, the 
initial temperature of gelation, the rate of the cooling 
process and the content of auxiliary additives [21]. The 
gelation rate increased if the process started at a low-
er temperature. In the free cooling mode (from 38 °C in 
the air to the ambient temperature of 24 °C), the struc-
ture of the gelatin solution changed with the endpoint 
of gelation. The gelatin mass precipitation time during 
solidification was 60 minutes. The structure formation of 
collagen from a thin layer of a solution in the initial peri-
od was determined by the nature of the evaporation of 
pure solvents. This process is quite lengthy – the authors 
indicate that in 100 minutes only 23% of the liquid phase 
was removed from the total mass [21].

For the prevention and treatment of periodontal 
disease, a medical-preventive film with a matrix based 
on polyvinyl alcohol and vitamin D3 as the active com-
ponent, has been developed. For this composition, the 
studies of the physical integrity of the developed com-
position have been conducted. They showed that the 
physical integrity of the film increases by 10% with the 
joint introduction of a film former (polyvinyl alcohol), 
plasticizer (glycerine) and vitamin D3 as the active sub-

stance. The effect of vitamin D3 on the functional activity 
of the cells isolated from the periodontal pocket, was 
also studied. The studies have shown that vitamin D3 re-
leased from the film, significantly limited the production 
of inflammatory mediators [22].

To correct gingivitis, periodontosis and periodonti-
tis, compositions of medicinal films with chaga melanin 
(Inonotus obliquus (Ach. ex Pers.) Pil.) and chlorhexidine 
based on the composition of polymers – polyvinyl al-
cohol and zoster polysaccharide, were developed. The 
developed dental films were subjected to tests on the 
indicator of “the moisture content” and the time of dis-
solution. The results of the experiments showed that the 
optimal moisture content values for dental films, were 
in the range of 6–12%. It was also established that the 
introduction of chlorhexidine into the composition re-
duced its solubility by 8% [23]. A polyvinyl alcohol-based 
matrix was also used to develop the composition of den-
tal medicinal films containing magnesium chloride and 
zinc-substituted calcium hydroxyapatite as active sub-
stances [24].

For the deposition of drugs on the surface of the 
nasal mucosa and maxillary sinus, an adhesive polymer 
soluble film containing a composition of lidocaine hy-
drochloride and polysorb MP, was developed. A blend 
of polymers oxypropylmethylcellulose and pectin, was 
chosen as a matrix. Clinical studies of the specific activi-
ty of the proposed composition conducted on a group of 
patients, are of interest. As a result, it was determined 
that the developed film contributes to a faster epithe-
lization of the nasal mucosa and maxillary sinus [25]. 
The results on the development of an optimal film com-
position based on phytocomposition (a mixture of dry 
extracts of calendula and yarrow) with the addition of 
propolis tincture for the treatment of traumatic lesions 
of the oral mucosa, have been published; in this compo-
sition gelatin was used as a film-forming agent with the 
addition of glycerol as a plasticizer [26].

Medicinal films are also used in pediatric dental 
practice. So, the compositions and technologies of films 
with anesthetic and anti-inflammatory effects have been 
developed. In these compositions, the active ingredients 
were the substance of trimecaine and the aqueous ex-
traction from chamomille flowers; the matrix was a com-
position of sodium carboxymethylcellulose, gelatin, and 
polyethylene oxide-600 [27, 28].

Besides the dental field, films are also widely used 
in ophthalmology. For example, the study results of the 
choice of the ophthalmic films composition with a liquid 
extract of aloe for the correction of inflammatory diseas-
es of the conjunctiva oculi have been published. Polyvin-
ylpyrrolidone, carboxymethylcellulose, polyethylene ox-
ide-400 were used as polymers to create the film base. 
The optimal composition selection makes it possible to 
evaluate the following parameters: a moisture content, 
linear dimensions, pH, as well as the attractiveness of the 
film appearance. As a result of the studies, it was found 
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out that the best characteristics had been obtained for 
the film based on carboxymethylcellulose [29].

Medicinal films are used not only for the treatment 
of humans, but also for the correction of diseases in an-
imals. For treating animals’ eyes, polymeric drug films 
with moxifloxacin and a base of a polyvinyl alcohol and 
arabinogalactan composition, have been proposed. A 
study of the kinetics of the drug release from the mod-
el bases carried out by a spectrophotometric method 
showed that the studied composite base has a more 
pronounced prolonging effect compared to a film based 
on pure polyvinyl alcohol [30, 31].

Despite the active research conducted by native sci-
entists on the development of medicinal films, this form 
of production is presented very modestly in the pharma-
ceutical market. The State register of medicines contains 
only five registered medicines produced in this form. 
These are two versions of films with nitroglycerine “Trini-
trolong” glued to the gum, intended for the prevention 
and relief of angina attacks. It is based on a matrix of a 
polymer that is bio-soluble for medicinal films, which is 
a copolymer of acrylamide, N-polyvinylpyrrolidone and 
ethylacrylate. Two other drugs are oral dispersed films 
with sildenafil “Invida ODP” and “Dynamico Forward”, 
intended for the correction of an erectile dysfunction. As 
a film-forming agent, in these medicines a food polysac-
charidepullulan is used. In these cases, the film form is a 
kind of analog of tablets, having the advantage over the 
latter in the form of a simple technology that makes pos-
sible a more flexible regulation of the release kinetics. 
As for the fifth drug registered in the form of films, these 
are eye films “Taurine”, used for the correction of dystro-
phy and injuries of the cornea, also created on the basis 
of a matrix of biopolymer soluble for medicinal films.

The simplicity and high manufacturability of films, 
provides the possibility to use them not only as medi-
cines, but also as dressings. At different times, scientists 
conducted research in the market of dressings and me-
dicinal films, thus showing the relevance of their use and 
the continuing interest in improving this form of medi-
cines production [2, 18, 32, 33].

Currently, in Russia films are used not only in the 
native medical practice; in the native cosmetic market 
they have also taken a fairly stable position. So, accord-
ing to the Russian Accreditation dated August 21, 2019, 
in the perfumery and cosmetic market, cosmetics in-
cluded more than 162,000 product names (100%). The 
subgroup of “skin care products” consisted of more 
than 22,700 items, which represented approximately 
14% of all cosmetics. In turn, among the skin care prod-
ucts, “face masks” stand out (more than 3500 items, or 
2.2% of the total number of cosmetics); among them 
“mask-films” were allocated in the amount of about 
0.01% of the total the number of cosmetics in the Rus-
sian market. Despite such a small share in relative indi-
ces, in absolute terms, there are more than 150 types 
of film masks in the Russian cosmetic market, which is 

many times greater than the number of drugs sold in 
this form in Russia.

Being not medicinal products, cosmetic masks-films 
can contain the same biologically active substances as 
medicinal forms, but in a much lower concentration, 
thereby having a favorable effect on the skin. Such 
masks help to eliminate dryness and peeling of the skin, 
regulate the work of the sebaceous glands, etc. At the 
same time, they do not have a toxic effect on the con-
sumer’s body due to the content of active substances in 
concentrations much lower than in drugs (in most cases, 
the concentration is about 0.5% or less) [34–36]. The use 
of biologically active components in cosmetics has led to 
the emergence of the term “cosmeceutics”, which refers 
to cosmetic products containing components that have 
a pronounced biological activity. More than 20 years 
ago, this term combining the concepts of “pharmacy” 
and “cosmetics”, was introduced by an American der-
matologist Albert Kligman. Cosmeceuticals differ from 
cosmetics mainly in the following: they do not mask skin 
imperfections, but eliminate the cause of their appear-
ance. Cosmeceutical agents can also affect the hypoder-
ma, while cosmetic ones are usually able to penetrate no 
further than the derma [37, 38].

The analysis of the range of biologically active sub-
stances included in the composition of cosmeceuticals, 
has shown that they are mainly of natural origin, while 
synthetic compounds are practically not used. The com-
ponents of animal origin included in cosmetic products 
are, for example, a number of bee products, such as bee 
pollen, which has an antioxidant, anti-inflammatory, 
anti-carcinogenic, anti-bacterial, anti-fungal effect [39]; 
drone brood, which slows down the aging process of the 
skin; Royal jelly, used as a means with a high regener-
ative index [40]. A fairly common active component is 
snail mucin, which can be used for the treatment of var-
ious types of burns, dermatitis, eczema, diaper rash and 
wounds [41–43]. A study of a product research of cos-
metic masks with collagen acting not only as a film-form-
ing agent but also as an active ingredient, has been pub-
lished [46]. However, in addition to these rather specific 
components, cosmeceutical films contain components 
found in almost every cosmetic product – guanine, ker-
atin, etc. [44, 45].

In addition to biologically active substances of an-
imal origin, vegetable components are widely used in 
cosmetics: rose water, extracts of chamomile, cornflow-
er, calendula, etc., as well as vegetable oils (including 
essential oils). Products derived from aloe vera and tree 
aloe, are among the most commonly found in the com-
position of dermatological masks-films. Aloe juice and 
extracts are used in the cosmetic industry to stimulate 
skin regeneration and prevent dermatitis of various or-
igins.

In cosmetics, a study of the application frequency of 
polymers containing natural mineral salts was conduct-
ed; it showed that polyvinylpyrrolidone, xanthan gum, 
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cellulose derivatives and carbomers are the most appli-
cable for these compositions [47].

Polymers of natural, semi-synthetic and synthetic 
origins, are used as a matrix for creating films; it gives a 
possibility to divide films into the following groups [48]:

• of animal origin (collagen, gelatin, elastin, chi-
tosan);

• of vegetable (alginates, cellulose);
• of microbial origin (agar-agar, dextrin, pullulan);
• semi-synthetic (methyl cellulose, sodium car-

boxymethylcellulose, (hydroxypropyl)ethyl cel-
lulose, modified starches);

• synthetic (polyvinylpyrrolidone, polyvinyl alco-
hol, polyethylene oxides, polyacrylamides).

Most often, in films as drugs manufacturing, cellu-
lose derivatives (methyl cellulose, etc.), gelatin and agar 
are used [29, 49, 50]. In cosmeceutical masks-films, sodi-
um alginate and polyvinyl alcohol are most often found 
as base polymers [51].

In addition to the auxiliary substances making up 
the base, films include plasticizers (glycerin, propylene 
glycol, polyethylene glycol, castor oil, tweens), pre-
serving agents (ethyl alcohol, nipagin, benzalconium 
chloride), penetrators (dimethyl sulfoxide, dimethyl-
formamide), odor and taste flavoring agents, pH regu-
lators, solubilizers (tween 80, polyethylene glycol 1500, 
glycyram) and others. They provide optimal technolog-
ical, chemical, physico-chemical and pharmacological 
parameters.

In addition to form-forming and auxiliary ingredi-
ents, medicinal and cosmetic films combine manufactur-
ing processes of film matrices. Currently, the following 
methods of forming films are used:

• spraying;
• pouring;

• extrusion.
A pulverization method consists in the distribution 

of the polymer base over the substrate with constant 
drying in an intensive flow of warm air using a spray gun. 
The films obtained in this way, dry up faster, but the film 
mass can be also distributed unevenly, and at the drying 
stage, the finished films may not correspond to the or-
ganoleptic characteristics. In films manufacturing by the 
method of pouring, the polymer solution is distributed 
on the substrate, and then dried up either in chamber 
driers or at the room temperature. The disadvantage of 
this method is uneven drying of the film: during the dry-
ing process, the layer located on the surface dries quick-
ly and prevents the removal of moisture from the un-
derlying layers, which can result in an uneven film. This 
disadvantage can be avoided by using the equipment set 
up at the level of the form, as well as dryers to speed 
up the drying process. During extrusion molding, the 
film mass is pressed under pressure through the form-
ing nozzle, obtaining a film of the required thickness [5], 
but the disadvantage of this method is the formation of 
inclusions of air bubbles in the film mass. This disadvan-
tage can be corrected by including the vacuum stage in 
the production process.

CONCLUSION
A review of the studies made it possible to draw a 

conclusion about the rapid improvement of the films 
and their sufficient representation in the classification 
of medicines and cosmetics. The initial data from liter-
ary sources allow us to conclude that films are not only 
relevant and highly-demanded, they are also a popular 
dosage form. However, in the pharmaceutical market 
they are extremely limited. Based on a number of prov-
en advantages of films, it can be assumed that this form 
is optimal for use in cosmetology.
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The aim of the study is to review the literature data on the chemical constituents of arial and underground parts of Geum 
rivale L. (Rosaceae) and the pharmacological activity of its extracts and individual compounds.
Materials and methods. The study was carried out using Internet resources (Google Scholar, PubMed) and library databases 
(e-Library, Scopus, Web of Science). The main research methods were a review and analysis of the literature data on the topic 
for the period from 1958 up to the present.
Results. For the period from 1958 up to the present more than 80 components in the arial and underground parts of G. rivale 
have been identified.  Among them there were components of the essential oil, phenolic acids and coumarins, aglycones of 
flavonoids, including luteolin, apigenin, quercetin and kaempferol, as well as a number of their glycosides and glucuronides, 
ellagitannins (hemin A, B, C, D, pedunculagin, stachiurin/casuarinin, tellimagrandin I). Some aspects of the pharmacological 
activity of total extracts and individual secondary metabolites of G. rivale have been studied, anti-inflammatory, antioxidant, 
antimicrobial, antiviral activities have been experimentally confirmed.
Conclusion. The analysis of the literature data showed that a further study of the composition of metabolites of G. rivale and 
their pharmacological activity is an urgent task, the solution of which will expand the range of use of this plant in medical 
practice and consider G. rivale as a promising source of pharmaceutical substances for the creation of new drugs and biolog-
ically active additives.
Keywords: river gravilat, Geum rivale L., phenolic compounds, essential oils, tannins, pharmacological activity
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Целью исследования является обзор данных литературы о составе биологически активных веществ надземных и под-
земных органов гравилата речного (Geum rivale L.) и фармакологической активности его извлечений и индивидуаль-
ных соединений.
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Материалы и методы. Исследование проводили с использованием Интернет-ресурсов (Google Scholar, PubMed) и 
библиотечных баз данных (e-Library, Scopus, Web of Science). Основными методами исследования являлись обзор и 
анализ литературных данных по тематике исследования за период с 1958 года по настоящее время.   
Результаты. В период с 1958 года по настоящее время в надземных и подземных частях гравилата речного иденти-
фицировано более 80 компонентов в составе эфирного масла, ряд фенольных кислот и кумаринов, агликоны фла-
воноидов, в том числе лютеолин, апигенин, кверцетин и кемпферол, а также ряд их гликозидов и глюкуронидов, 
эллаготанины (гемин А, В, C, D, педункулагин, стахиурин/казуаринин, теллимаграндин I). Изучены некоторые аспекты 
фармакологической активности суммарных извлечений и индивидуальных вторичных метаболитов гравилата речно-
го, экспериментально подтверждены противовоспалительная, антиоксидантная, противомикробная, противовирус-
ная активности.
Заключение. Анализ литературных данных показал, что дальнейшее изучение состава метаболитов гравилата реч-
ного и их фармакологической активности является актуальной задачей, решение которой позволит расширить спектр 
использования данного растения в медицинской практике и рассматривать гравилат речной как перспективный 
источник фармацевтических субстанций для создания новых лекарственных препаратов и биологически активных 
добавок к пище. 
Ключевые слова: гравилат речной, Geum rivale L., фенольные соединения, эфирные масла, танины, фармакологиче-
ская активность

INTRODUCTION
The genus Geum L. (Rosaceae) is represented by 58 

species [1], about 20 of which grow on the territory of 
the Russian Federation [2-5]. G. rivaleis is a perennial 
plant, the distribution area includes most of Europe up 
to the Ural Mountains, with the exception of the West 
of France, Spain and the Mediterranean region, as well 
as Western Siberia, Central Asia, some regions of North 
America [6, 7].

G. rivale is widely used in folk medicine for preven-
tion and treatment of gastrointestinal diseases, includ-
ing lack of appetite and diarrhea, malaria [8], for febrile 
diseases, muscle pain, hemorrhoids, for inflammatory 
diseases of the mucous membranes and skin integu-
ments, as an antiseptic and astringent agent [9, 10]. In 
homeopathy, it is used for inflammatory diseases of the 
bladder and urinary tract, as well as for arthritis [9, 11, 
12].

To date, a number of studies have been carried out 
to study the qualitative and quantitative composition 
of biologically active substances in the arial and under-
ground parts of G. rivale, and some aspects of the phar-
macological activity of extracts and individual groups of 
biologically active substances have been experimentally 
revealed.

The study of widespread plants as sources of phar-
maceutical substances for the production of medicines 
and biologically active additives is an urgent task, since 
they show high efficiency along with low toxicity and al-
lergenicity.

Based on this, the aim of the study was to review 
the literature data on the chemical composition of bio-
logically active constituents of G. rivale and their phar-
macological activity.

MATERIALS AND METHODS
The Internet resources (Google Scholar, PubMed) 

and library databases (e-Library, Scopus, Web of Sci-
ence) as sources of information were used. The main 

research methods were the review and analysis of the 
literature data on the research topic for the period from 
1958 up to the present.

RESULTS
Chemical components 
of Geum rivale L.
To date, a lot of data have been obtained on vari-

ous groups of secondary metabolites contained in the 
arial and underground parts of the G. rivale. Thus, us-
ing the method of gas chromatography combined with 
a mass spectrometric detector (GC-MS), the component 
composition of the essential oil has been studied in suffi-
cient detail [13, 14]. In the experiments, the essential oil 
was isolated from various parts of plant material by hy-
drodistillation. The components of a complex mixture of 
the essential oil were separated by gas chromatography 
with a flame ionization detector (GC-FID). The compo-
nent identification was based on a comparison of mass 
spectra of the essential oil components with mass spec-
tra of commercial libraries. The identification of isomers 
was based on a comparison of the retention index (RI) 
with the literature data. In the course of the experiment, 
more than 80 components were found in the samples 
of the essential oil of the arial and underground parts of 
G. rivale (compounds 51–143 in Table 1). The dominant 
components in G. rivale essential oil are 3-octen-1-ol 
(33.9%) and 3-hexenol (16.2%). In addition, the essen-
tial oil contains a large amount of sesquiterpenoids (32 
compounds), a certain amount of monoterpenoids has 
been found [14]. Vollmann, C. et al. (1995) conducted a 
comparative analysis of the qualitative and quantitative 
composition of the essential oil of various species of the 
genus Geum L. As a result of the experiment, all species 
of the genus were divided into 2 large groups: the first 
group comprised the species containing a high percent-
age of eugenol (66–92%) and a low content pinene de-
rivatives – G. urbanum, G. fauriei Levl. and G. macrophyl-
lum Willd.; the second group comprised the species with 
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a high content of pinene derivatives and a low content 
of eugenol (0.3–4.1%) – G. rivale L., G. rhodopeum Stoj. 
et Stefanov, G. bulgaricum Pancic, G. borisii Kellerer ex 
Siindermann, and G. chiloense Balb. [13].

Panizzi et al. (2000) analyzed the composition of trit-
erpenoids in the arial part of G. rivale in the extracts ob-
tained by extracting raw materials in a Soxhlet apparatus 
with n-hexane, chloroform, and an alcohol-chloroform 
mixture (1: 9). The isolation of compounds in pure form 
was carried out by sequential purification on Sephadex, 
silica gel, thin layer chromatography and reverse phase 
chromatography. The structure was confirmed using IR 
and UV spectroscopy, as well as 1H and 13C NMR meth-
ods. The compounds identified during the study are 
shown in Fig. 1 and numbered 1-10 in Table 1 [15, 16].

The most extensively represented group of second-
ary metabolites in the arial and underground parts of G. 
rivaleis are polyphenolic compounds. Obtaining extracts 
using solvents of different polarity makes it possible to 
study the qualitative and quantitative composition of 
various groups of polyphenolic compounds. The analysis 
of phenolic acids and coumarins is based on obtaining 
extracts with a methanol-chloroform mixture [15, 16, 
18], petroleum ether [17] and n-butanol [22]. By means 
of IR spectroscopy methods and 1H- and 13C-NMR, 
HPLC-UV in comparison with standard samples, GC-MS, 
their component composition in the arial and under-
ground parts of the river gravel was determined. The 
compounds identified in the work of several scientific 
groups, are shown in Fig. 2 and Table 1 under numbers 
11-26 (Fig. 2). According to the estimates by Owczarek et 
al. (2013), the content of phenolic acids in the arial part 
is 5.9 mg/g, and in the underground part it is 18.9 mg/g 
[17]. In addition, Owczarek et al. (2014) determined the 
content of free ellagic acid (0.52± 0.01mg/g) in the arial 
part of the river gravity (gallic acid was not detected in 
this case); in the underground part there was 0.43±0.002 
mg/g of ellagic acid, and gallic acid was not found there 
either [20].

Panizzi et al. (2000) also carried out extensive 
work on the study of the composition of flavonoids 
of the aerial part of G. rivale L. The extraction of this 
group of compounds was carried out from a mix-
ture of the plant material pretreated with n-hex-
ane, chloroform, and chloroform-methanol (9:1) 
by maceration with methanol at room temperature 
with subsequent purification on Sephadex and sili-
ca gel and separation on a C18 reverse phase column. 
In the study, 13 compounds were isolated, the structures 
of which were established by IR and UV spectroscopy, 1H 
and 13C NMR (Fig.3, Table 1) [16]. Owczarek et al. (2013) 
evaluated the quantitative content of flavonoids accord-
ing to the method described in the Polish Pharmacopoe-

ia of the VIII edition: in the underground part – 0.3 mg/g; 
in the aerial part – 3.0 mg/g [17].

Another group of polyphenolic compounds – tan-
nins – is of great interest. The main methods of analysis 
of this group and the experimental data on the phar-
macological activity were described in our previously 
published review [21]. In G. rivale, the composition of 
ellagitannins was also widely studied in the works by 
Moilanen et al. (2008, 2015). After the extraction of 
raw materials with 70% acetone with the addition of 
0.1% ascorbic acid to prevent the oxidation of the com-
pounds, the composition of ellagitannins (44–50) [22-
23] was established by using HPLC-ESI-MS. The total 
acid content was determined by Owczarek et al. (2014) 
after hydrolysis of tannins with a 25% hydrochloric acid 
solution: ellagic acid – 40.31±1.08 mg/g in the arial part, 
60.64±0.87 mg/g in the underground part; gallic acid – 
7.45±0.08 mg/g in the arial part and 9.57±0.27 mg/g in 
the underground part (in terms of dry plant material). 
On the basis of the obtained results the authors made a 
conclusion about the greater prevalence of ellagitannins 
in comparison with gallotannins, both in the arial and 
underground parts of the studied species [20].

Rare sulfonated derivatives of ellagic acid obtained 
by precipitation from the aqueous extraction with boil-
ing methanol, were studied by Owczarek et al. (2017). 
The following structures were established by UV spec-
troscopy, mass spectrometry, and 1H- and 13C-NMR: po-
tassium salt of 3,3’-dimethoxy-4-sulfoxyellagic acid (29) 
and 3,3‘, 4’-trimethoxy-4-sulfoxyellagic acid potassium 
salt (30) (Fig. 4) [25].

Determination of the antioxidant activity of the 
extracts showed that the roots of G. rivale have a high 
antioxidant potential. According to the results, the au-
thors of the work suggest that polyphenolic compounds 
bear the main responsibility for the antioxidant activity 
thanks to the transfer of a hydrogen atom during the re-
action (HAT mechanism) [30].

Oszmianski et al. (2007) screened the antioxidant 
activity of tannins in the roots of G. rivale. During the 
research, the following experiments were carried out: 
thiolysis of proanthocyanidins according to the meth-
od described by Guyot et al. (2001) [37]; reverse phase 
HPLC after thiolysis; the content of proanthocyanidins 
(10.5 g/kg) and phenolic compounds (3.0 g/kg) in the 
feed were determined, as well as the degree of polym-
erization of proanthocyanidins – 3. For screening of the 
antioxidant activity, two methods were used by the au-
thors: the DPPH test according to Yen et al.’s method 
(1995) [38] and the ABTS test by Re et al.’s the method 
(1999) [39]. This study demonstrated a significant an-
tioxidant potential of the extract containing phenolic 
compounds [36].
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Figure 1 – Triterpenoids of the arial part of G. rivale (Panizzi, L. et al., 2000)
Note: 1 – α-amyrin; 2 – ursolic acid; 3 – euskafic acid; 4 – euskafic acid 28-glucoside; 5 – tormentic acid; 6 – nigaishigoside F1; 7 – oleic acid; 8 – 
betulin; 9 – epifriedelonol; 10 – cescropic acid

Pharmacological activity of extracts 
and components of G. rivale
Simultaneously with the study of the component 

composition of the secondary metabolites in the arial 
and underground parts of G. rivale, extensive studies 
of the pharmacological activity of the total extracts 
obtained using solvents of different polarities, as well 
as individual metabolites, were carried out. Thus, Tunon 
et al. (1995) conducted a study of the anti-inflammatory 
activity of the total water extract from the arial part of 
G. rivale, obtained by a two-stage extraction at room 
temperature, in tests of the effect on prostaglandin 
synthesis and PAF-induced exocytosis. The extract 
showed a high inhibitory activity in the PAF test, while an 

inhibitory effect on the biosynthesis of prostaglandins 
was not found [27]. In addition, the use of extracts from 
G. rivale as an anti-inflammatory agent in traditional 
medical practice is reported in the works by Birnesser et 
al. and Parimala et al. [28, 29].

Owczarek et al. (2015) investigated the total extracts 
of different polarity, obtained by the extraction of the 
methanol extract from the arial and underground parts 
of the G. rivale, in tests for antioxidant activity: DPPH 
test by method of Brand Williams, Cuvier and Berset 
[31] with the previously described modifications [32]; 
the FRAP test described by Pulido et al. [33] with some 
modifications [34]; the test for linoleic acid peroxidation 
according to Azuma et al.’s modified method [35, 32]. 
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Figure 2 – Phenolic acids and coumarins of G. rivale (Panizzi et al.,2000; Owczarek et al., 2013)
Note: 11 – chlorogenic acid; 12 – 6-O-caffeyl-1-O-methyl-β-D-glucopyranose; 13 – p-hydroxybenzoic acid; 14 – caffeic acid; 15 – lilac acid; 16 – 
p-coumaric acid; 17 – ferulic acid; 18 – sinapic acid; 19 – scopoletin; 20 – esculetin; 21 – decursin; 22 – gallic acid; 23 – protocatechuic acid; 24 
– ellagic acid; 25 – salicylic acid; 26 – vanillin
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 Figure 3 – Flavonoids of G. rivale (Panizzi et al., 2000)
Note: 31 – luteolin; 32 – luteolin-7-O-glucoside; 33 – apigenin; 34 – apigenin-7-O-glucoside; 35 – quercetin; 36 – quercetin-3-Oramnoside; 37 
– quercetin-3-O-glucoside; 38 – kaempferol; 39 – kaempferol-3-O-glucoside; 40 – kaempferol-3-O-arabinoside; 41 – tilyroside; 42 – quercetin-3-
O-glucuronide; 43 – kaempferol-3-O-glucuronide
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Figure 4 – Ellagitannins of G. rivale (Moilanen et al.,2008, 2015; Owczarek et al., 2017)
Note: 29  – 3,3’-dimethoxy-4-sulfoxyellagic acid potassium salt; 30 – 3,3’,4’-trimethoxy-4-sulfoxyellagic acid potassium salt; 44 – Gemin A;  

45 – Pedunculagin; 46 – Stachiurin / casuarinin; 47 – Tellimagrandin 1; 48 – Gemin B; 49 – Gemin C; 50 – Gemin D  
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Table 1 – Biologically active compounds of G. rivale 

№ Compounds Morphological parts References
Triterpenoids (Ursanes)

1 α-amyrin

Arial part

14, 152 Ursolic acid
3 Euskafic acid
4 Euskafic acid 28-glucoside 15
5 Tormentic acid 14, 15
6 Nigaishigoside F1 14, 15, 22, 67

Other Triterpenoids
7 Oleanolic acid

Arial part 14, 158 Betulin
9 Epifriedelonol

10 Cescropic acid 14, 15, 22, 67
Phenylpropanoids

11 Chlorogenic acid
Arial and underground parts

14, 15, 17, 45
12 6-O-caffeyl-1-O-methyl-β-D-glucopyranose 14, 15, 22, 67
13 p-hydroxybenzoic acid 16
14 Caffeic acid Arial parts 14, 15, 17, 45
15 Lilac acid Arial and underground parts 16, 17
16 p-coumaric acid Arial parts 16, 45
17 Ferulic acid

Arial and underground parts

16, 17
18 Sinapic acid 16, 17
19 Skopoletin

14, 15, 1620 Esculetin
21 Decursin

Other constituents
22 Gallic acid

Arial and underground parts

14, 15, 16, 19, 23, 
45, 67

23 Protocatechuic acid 14, 15, 16
24 Ellagic acid 14, 15, 16, 19, 45
25 Salicylic acid 14, 15, 16
26 Vanillin Arial parts 14, 16, 67
27 1-O-protocatechioyl glucose Arial parts

2228 Sucrose Arial parts
29 3,3’-dimethoxy-4-sulfoxyellagic acid 

potassium salt Underground parts 2330 3,3 ‘, 4’-trimethoxy-4-sulfoxyellagic acid 
potassium salt

Flavonoids
31 Luteolin

Arial part

14, 15

32 Luteolin 7-O-glucoside
33 Apigenin
34 Apigenin 7-O-glucoside
35 Quercetin
36 Quercetin 3-O-rhamnoside
37 Quercetin 3-O-glucoside
38 Kaempferol
39 Kaempferol 3-O-glucoside
40 Kaempferol 3-O-arabinoside
41 Tiliroside
42 Quercetin 3-O-glucuronide
43 Kaempferol 3-O-glucuronide

Ellagitannins
44 Gemin A

Arial part

20, 21
45 Pedunculagin

21

46 Stachiurin / casuarinin
47 Tellimagrandin 1
48 Gemin B
49 Gemin C
50 Gemin D
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№ Compounds Morphological parts References
Essential oil constituents

51 (E) -2-hexenal

Arial part 13, 14

52 (Z), (E) -3-hexene-1-ol
53 Hexanol
54 Heptanol
55 6-methyl-5-hepten-2-ol
56 (Z) -3-hexenyl acetate
57 α-pellandrene
58 β-pellandrene
59 (E) -β-ocimene
60 (E) -2-octene-1-ol
61 Octanol
62 Terpinolen
63 Nonanal
64 Nonanol
65 Terpinen-4-ol
66 Deanal
67 β-cyclocitral
68 Dodecane
69 (Z) -3-hexenyl-2-methylbutanoate
70 (Z) -3-hexenyl isovalerate
71 Tridecan
72 (Z) -3-hexenyl crucible
73 δ-element
74 α-cubeben
75 β-damascenone
76 α-ylangen
77 β-bourbonene
78 β-cubeben
79 β-caryophyllene
80 β-copen
81 α-humulene
82 Alloaromadendren
83 β-ionone
84 γ-muurelen
85 Germacren D
86 (Z, E) – α-farnesene
87 α-muurelen
88 (E, E) – α-farnesene
89 γ-cadinen
90 α-calacoren
91 Trans-nerolidol
92 (Z) -3-hexenyl benzoate
93 Caryophyllene oxide
94 Viridiflorol
95 Humulene epoxy II
96 Farnesene epoxy
97 Cubenol
98 T-muurolol
99 α-cadinol

100 Pentadecanal
101 Heptadecan
102 Benzyl benzoate
103 Octadecan
104 Fitol
105 Tricosan
106 Tetracosan
107 Hexacosan
108 (Z) -hexenyl butyrate
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№ Compounds Morphological parts References
109 1-zopropylcyclohex-1-ene

Underground part 13, 14

110 Trans-linalool oxide
111 Trans-myrtanal
112 Palmitic acid
113 Oct-1-en-ol
114 α-guayenne
115 Cumin aldehyde
116 Nerol
117 trans-anethole
118 Geraniol
119 2-methoxy-6-vinylphenol
120 Isoeugenol
121 Eugenol
122 Perilla aldehyde
123 Fellandral
124 Perilla alcohol
125 Mirtenal
126 trans-pinocarveol
127 Camphene

Arial and underground part 13, 14

128 1-octene-3-ol
129 3-octanol
130 Limonen
131 Cis-linalool oxide
132 Camphor
133 Citronellol
134 p-cymene
135 δ-cadinen
136 α-copen
137 cis-myrtanol
138 trans-myrtanol
139 α-terpineol
140 Mirtenol
141 Linalool
142 Nopinone
143 cis-myrtanal

Table 2 – Pharmacological effects of the main groups of constituents of G. rivale

Pharmacological effect Extraction type or group of biologically 
active substances References

Anti-inflammatory activity due to PAF-induced 
exocytosis Total water extract 24, 25, 26

Antioxidant activity (DPPH-, FRAP-tests, linoleic 
acid peroxidation test) Polyphenolic compounds 27

Antioxidant activity (DPPH and ABTS tests) Phenolic acids and proanthocyanidins 33
Antimicrobial activity:

14, 15, 38, 68

a) antimicrobial activity against gram-positive 
and gram-negative microorganisms

Total polar extracts, triterpene fraction, 
flavonoid fraction, tannin fraction, ursolic 

acid, caffeic acid

b) antifungal activity Total polar extract, triterpene fraction, 
caffeic acid

c) Candida albicans Chloroform extract, total polar extracts, 
triterpene fraction, caffeic acid

d) Staphilococcus aureus, Pseudomonas aeru-
ginosa

Triterpene fraction, quercetin, kaemp-
ferol, caffeic acid, gallic acid

Antiviral activity (influenza virus types A and B) Ethanol extracts from the arial part 40
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Panizzi et al. (2000) investigated the antimicrobial 
activity of extracts of different polarity from the arial part 
of G. rivale, and some individual compounds. The dried 
raw material was extracted in a Soxhlet apparatus with 
n-hexane, chloroform, a mixture of chloroform-metha-
nol 9:1, and then by maceration with methanol at room 
temperature. Then, the obtained total extracts were 
purified by column chromatography to individual com-
pounds, their identification was carried out by IR and 
UV spectroscopy, 1H and 13C NMR. All the investigated 
fractions were dissolved in DMSO and screened for the 
antimicrobial activity by the agar diffusion method de-
scribed by Clark, et al. (1981), using test microorgan-
isms: Staphylococcus aureus, Pseudomonas aeruginosa, 
Escherichia coli, Candida albicans and Aspergillus niger 
[40]. The study showed that the total methanol extract 
has a high antimicrobial and antifungal activity, while 
the n-hexane extract showed a weak activity against 
bacteria and Aspergillus niger; chloroform extract had a 
pronounced activity against Candida albicans; and chlo-
roform-methanol and water-methanol extracts were 
found active against all the tested organisms. When an-
alyzing the purified extracts and individual compounds, 
the following results were obtained: triterpene fraction 
showed an efficiency comparable to methanol and chlo-
roform-methanol extracts against all studied micro-
organisms; a mixture of flavonoids was found active 
against gram-positive and gram-negative bacteria in the 
absence of antifungal activity; the tannin fraction was 
active only against bacteria, but its effectiveness was 
lower than that of the flavonoid fraction; ursolic acid 
had zones of inhibition very similar to those obtained 
using a chloroform-methanol extract in the absence of 
antifungal effect; among the flavonoid aglycones, kae-
mpferol and quercetin affected only Staphylococcus au-
reus and Pseudomonas aeruginosa, respectively, while 
apigenin had no antimicrobial and antifungal activity; 
caffeic acid showed a moderate activity against all test 
organisms, while gallic acid showed a pronounced effec-
tiveness against Staphylococcus aureus, Escherichia coli 
and Candida albicans [16].

The identification of natural metabolites and syn-
thetic agents that are effective in the prevention and 
treatment of diseases caused by influenza viruses of var-
ious types, is an urgent problem of the last decade. Re-
searchers suggest that total native complexes of metab-
olites, as well as individual natural compounds of various 
natures, such as polyphenols, triterpenoids, alkaloids, 
organic acids, and some others, can be used as agents 
for inhibiting infections at various stages [42]. Therefore, 
in the work by Lobanov et al. (2016) the antiviral activi-
ty of 70 plant species belonging to 14 different families, 
including the aerial part of the G. rivale, was considered. 
The study was carried out using ethanol extracts ob-
tained by the method described in the work by Kostina 
et al. (2013) [44]; avian influenza virus A / chicken / Kur-
gan / 05/2005 (H5N1) and a strain of human influenza 

virus A / Aichi / 2/68 (H3N2) adapted to laboratory mice, 
the titer of which was calculated by Spearman-Kerber’s 
method using statistical processing according to Sachs, 
L. (1976) [45]. In the course of the study it was revealed 
that the ethanol extract from the arial part of G. rivale 
has a pronounced antiviral activity against both studied 
viral strains and can be recommended for a further re-
search in this area in order to create phytopreparations 
for the prevention and treatment of influenza caused by 
these virus strains [43].

Ellagic acid is a metabolite of higher plants, it is in 
sufficiently large quantities in the arial and underground 
parts of G. rivale, both in free and bound forms as parts 
of ellagitannins. Due to its wide distribution, the possi-
bilities of using this compound in medical practice are 
well studied. Thus, for the first time, a systematic re-
view of the literature was conducted by García-Niño et 
al. (2015) and the following possible pharmacological 
effects of ellagic acid were described in detail [47]: an-
timutagenic [48], antigenotoxic [49–50], antiapoptotic 
[51], anticarcinogenic [52], antibacterial [53], antiviral 
[54], antimalarial [55], antiallergic [56], anti-inflamma-
tory [57], antiatherogenic [58], antidiabetic [59], antie-
pileptic [60], antidepressant [61], antinociceptive [62], 
neuroprotective [63], nephroprotective [64], cardiopro-
tective [65] and hepatoprotective [66] activities. Howev-
er, the work notes: the contribution of ellagic acid to the 
pharmacological effects of the extracts obtained from 
the arial parts of G. rivale, has not been revealed.

CONCLUSIONS
The analysis of the literature showed that Geum ri-

vale L. has been subjected to phytochemical studies for 
a long period of time. This is due to both the rich raw 
material base of the plants and its widespread use in folk 
medicine.

For the period from 1958 to the present, more than 
80 components have been identified in the arial and 
underground parts of the river gravity. The main groups 
of secondary metabolites have been characterized, in-
cluding the essential oil, triterpenoids and phenolic 
compounds of the arial and underground parts of Geum 
rivale L. The most extensively represented group of sec-
ondary metabolites is polyphenolic compounds. Despite 
the sufficient knowledge of the chemical composition, 
the plant is not official in Russia.

The rich composition of polyphenolic compounds 
determines characteristic pharmacological effects of the 
plant, including anti-inflammatory, antioxidant, antimi-
crobial and antiviral activity. The pharmacological activity 
has been experimentally confirmed, both the extraction 
obtained by the extraction with solvents of polarity or 
fractionation, and some compounds. These types of activ-
ity may be useful against some socially significant pathol-
ogies, for example, antioxidant activity in the prevention 
and treatment of diseases of the cardiovascular, urinary 
and nervous systems, the antimicrobial and antiviral ac-
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tivities in the treatment of the diseases caused by resis-
tant strains of microorganisms and viruses.

However, the currently available data on the chem-
ical composition and activity of Geum rivale L. do not 
give a general picture of the potential for using a plant 
as a source of new pharmaceutical substances of natural 
origin for the creation of medicines and biologically ac-
tive additives.

Modern analytical methods in phytochemistry, dic-
tate the development of the allocation of natural resourc-
es and compounds with the establishment of their exact 
structures using one of the methods of analytical mag-
netic resonance and infrared spectroscopy with a fur-
ther study of their pharmacological potential. Therefore, 

it is advisable to continue the study of the composition 
of secondary metabolites of the arial and underground 
parts of this plant using modern methods of analysis to 
identify both – previously not discovered, as well as new 
for science natural compounds. The identification of 
specific compounds responsible for the development of 
types of biological activity valuable for medicine using in 
silico methods, the analysis of possible synergistic or ad-
ditive effects of combinations of secondary metabolites, 
as well as the prediction of the mechanisms associated 
with the manifestation of a certain effect, may become 
a promising direction for further studies of Geum rivale 
L. The data obtained will make it possible to expand the 
range of use of Geum rivale L. in medicine.
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