ScienceRise: Pharmaceutical Science

Ne 4(44)2023

UDC 615.254:615.453.6:615.014.21
DOI: 10.15587/2519-4852.2023.286723

STUDY OF PHARMACOLOGICAL ACTIVITY OF DRY EXTRACT OF SAKHALIN
WILLOW SHOOTS AGAINST THE BACKGROUND OF EXPERIMENTAL
THROMBOPHLEBITIS

Liudmyla Maloshtan, Kateryna Artemova, Nataliia Borodina, Oleksandr Kukhtenko

The aim. The objective of the research was to study the pharmacological activity of dry extract of Sakhalin willow
shoots — DEWS against the background of experimental thrombophlebitis.

Materials and methods. Dry extract of Sakhalin willow shoots (DEWS) was the object matter of the present re-
search and served as a therapeutic and prophylactic agent. In the experiment conducted, rabbits weighing 2.0—
2.5 kg were used. The animals were divided into three groups. Group 1 was a control group; group 2 were animals
that had been intragastrically injected with DEWS at a dose of 30 mg/kg prior to modelling thrombophlebitis;
group 3 similarly received Eskuvit 20 mg/kg as a reference drug — pills (JSC Halychpharm, Ukraine). The dose for
animals was recalculated, taking into account body weight according to the Rybolovlev method.

Experimental thrombophlebitis was caused by injecting an intravenous solution of 2 % lugol at a dose of 0.1 ml into the
marginal vein of the ear. Statistical data processing was carried out using the Statistica for Windows 11.0 program based
on variance analysis for repeated measurement data using the Mann-Whitney criteria at a probability level of p<0.05.
Results. Against the background of the development of experimental thrombophlebitis in rabbits, the development
of thrombosis of the ear vein and the inflammatory process of adjacent tissues were observed. The inflammatory
process was accompanied by pronounced hyperemia and oedema. Prophylactic administration of DEWS for 6 days
contributed to a decrease in the inflammatory process already on the 5" day of observation. The area of the injured
area was 20 % smaller than in the control pathology group. The therapeutic and prophylactic effect of herbal
medicine can be explained by the content of flavonoids and salicylates in its composition. Eskuvit showed a less
pronounced thrombolytic effect in terms of its influence on thrombosis and thrombolysis.

Conclusions. The administration of DEWS in the therapeutic and prophylactic regimen at a dose of 30 mg/kg has
a pronounced anti-inflammatory, thrombolytic and venoprotective effect in experimental peripheral venous throm-
bophlebitis in rabbits. The results of the studies obtained allow us to recommend DEWS as a promising venopro-
tective agent with thrombolytic activity
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1. Introduction Strengthening the vascular wall, increasing its

Thrombophlebitis is an acute inflammatory dis-
ease of the veins accompanied by the formation of
blood clots inside the vascular bed and inflammation of
the soft tissues surrounding the vein. At the same time,
there is a violation of the structure of the vascular endo-
thelium and a slowdown in blood flow, which leads to
increased activity of the procoagulant and platelet links
of the homeostasis system and, as a consequence, to
thrombosis [1, 2].

Amongst the causes of this pathology may also be
cardiovascular insufficiency, excess weight, prolonged
standing and others [3]. This leads to risk factors, as a
result of which there is a systemic decrease in the tone of
the venous wall due to insufficient intake of angioprotec-
tors, including herbal ones — phenolic compounds, flavo-
noids, ascorbic acid, etc. [4, 5].

elasticity, and reducing permeability improves venous
blood flow and eliminates the main symptoms of venous
insufficiency, such as swelling and a feeling of heaviness
in the legs [6, 7].

Complexes of biologically active substances (BAS)
have a number of undeniable advantages within the theo-
ry of varicose veins and thrombophlebitis. The absence
of actual side effects on the body allows for the long-term
use of herbal medicines in the complex therapy of vascu-
lar pathology [8, 9].

Therefore, the study of new herbal medicines that
can make up for the lack of natural BAS and provide for
a comprehensive therapeutic and preventive effect in
vascular diseases is an urgent task.

The shoots of Salix sachalinensis F. Schmidt are a
new source of medicinal plant material for producing
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phytopreparations with a predictable raw material base.
Schmidt, harvested from ‘energy plantations’ [10].

Willows are one of the largest genera of tree spe-
cies in temperate climates. It is believed that there are
about 350-370 species worldwide. Of these, 23-25 spe-
cies naturally grow in Ukraine. Willows are distributed
from alpine uplands to semi-deserts, deserts, and forest
tundra and due to their biological stability, powerful pho-
tosynthesis apparatus and root system, resistance to ad-
verse factors, ability to easily propagate vegetatively,
develop intensively, form a number of generations, the
relative longevity, ability to grow on lands not suitable
for agriculture, they undoubtedly occupy one of the first
places amongst other energy plants suitable for cultiva-
tion in Ukraine [11, 12].

At the Institute of Agriculture of Western Polissia
of the National Academy of Agrarian Sciences of Ukraine,
which is located in the village of Shubkov of the Rivnen-
skyi district, the Rivne Region, Ukraine, experimental
plantations were laid and research work on the study of
cultivation efficiency and productivity of energy crops is
being conducted. The newly established nursery makes it
possible to annually sell almost 5 million seedlings of
‘energy willow’ which can be planted on an industrial
plantation of 300—400 hectares.

According to an expert assessment of Roman
Shevchuk, the Head of the Laboratory of Fodder Produc-
tion and Bioenergy Raw Materials, it is possible to har-
vest from 10 to 15 tons of dry mass per year from one
hectare of energy willow and under favourable soil and
climate conditions the yield increases to 25-30 tons. This
is 14 times more productive than traditional forest plan-
tations. Willow biomass can be harvested every year.

In the spring of 2012, within the framework of a
regional programme, the Institute of Agriculture of
Western Polissia of the National Academy of Agrarian
Sciences of Ukraine sold about 800 thousand seedlings to
establish plantations in Kostopilskyi, Dubrovetskyi,
Rakitnivskyi, Vladimiretskyi, and Bereznivskyi districts
on an area of 26 hectares. In addition, the public organi-
zation ‘Rivne Centre for Market Research’ implemented
the project ‘Establishment of Energy Willow Bioenergy
Park’ in the village of Bereg, Dubnenskyi district. There
is a created plantation on an area of 10 hectares [13].

Previously, the Department of Pharmacognosy of
the National University of Pharmacy studied the anatom-
ical structure of Salix sachalinensis F. Schmidt. cormus,
as well as the leaf ultrastructure and microscopic diag-
nostic features of the shoots of Salix sachalinensis F.
Schmidt [10].

The complex of active substances contained in the
dry extract of Sakhalin willow shoots includes salicylates,
phenoliccompounds, flavonoids, traceelements [10, 14, 15].

According to the literature, biological substances of
Sakhalin willow exhibit anti-inflammatory, analgesic,
venoprotective effects (reduce swelling in the venous part
of the capillaries, improve lymph outflow and venous cir-
culation, have a capillary-strengthening effect) [16—19].

The salicylates, flavonoids, and vitamin C con-
tained in the extract are powerful natural antioxidants.
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By stimulating nitrogen metabolism and participating in
protein synthesis, salicylic acid in combination with di-
hydroquercetin has a directed vasoconstrictive effect,
enhances capillary blood flow, reduces the risk of in-
creased thrombosis and promotes vascular antispasmod-
ic activity [20, 21].

The research objective was to study the pharma-
cological activity of dry extract of Sakhalin willow
shoots — DEWS against the background of experimental
thrombophlebitis.

2. Planning (methodology) of the research

One of the stages of preclinical research of a new
phytoextract is the study of its pharmacodynamic prop-
erties, as a result of which it is possible to evaluate the
spectrum of activities of this phytoextract and its advan-
tages over existing drugs.

To achieve the goals set, we have developed a re-
search algorithm that consists of the following stages:

— substantiation of the composition of dry extract
of Sakhalin willow shoots (DEWS) as a thrombolytic and
anti-inflammatory agent, since it contains salicylates
(5 %) and flavonoids (5 %) the salicylates, flavonoids,
and vitamin C contained in the extract are powerful nat-
ural antioxidants. By stimulating nitrogen metabolism
and participating in protein synthesis, salicylic acid in
combination with dihydroquercetin has a directed vaso-
constrictive effect, enhances capillary blood flow, reduc-
es the risk of increased thrombosis and promotes vascu-
lar antispasmodic activity [20, 21];

—selection of a reference drug and its administra-
tion and DEWS in a preventive mode. As a reference
drug, the anti-inflammatory agent Eskuvit was used,
which reduces vascular permeability, increases the tone
of the venous wall, reduces peripheral oedema and tro-
phic damage to the walls of venous vessels, and is also a
herbal medicine [22];

—modelling of experimental thrombophlebitis.
Previously, we have studied and published the pharmaco-
dynamic properties of DEWS [18], namely anti-inflam-
matory, venotonic, and analgesic activity; it is advisable
to study thrombolytic activity, which is one of the main
complications of varicose veins on the model of experi-
mental thrombophlebitis;

— conducting histological studies to confirm this
pathology;

— establishment of thrombolytic, anti-inflammato-
ry activity of DEWS in comparison with a reference drug
on the model of experimental thrombophlebitis.

3. Materials and methods

The study was conducted on the basis of the Edu-
cational and Scientific Training Center of Biomedical
Disciplines of the National University of Pharmacy
(Kharkiv) from 2019 to 2021. All stages of the study were
conducted in accordance with Directive 2010/63/EU of
the European Parliament and of the Council of the Euro-
pean Union of September 22, 2010, «On the protection of
animals used for scientific purposes» (Protocol of the
Bioethics Commission No. 2 of November 4, 2019)
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The extract was obtained according to the previously
described technology from the raw material Salix sachalin-
ensis F. Schmidt, which was harvested at the experimental
energy plantation’ of the Institute of Agriculture of Western
Polissia of the National Academy of Agrarian Sciences of
Ukraine (Shubkov village, the Rivne Region, Ukraine).

Raw material samples of Salix sachalinensis
F. Schmidt were obtained with the assistance of Liudmy-
la Takiva Lukashchuk, Deputy Director for Research of
the Institute of Agriculture of Western Polessia of the
National Academy of Agrarian Sciences of Ukraine.

The shoots of Salix sachalinensis F. Schmidt were
collected from at least ten different plants, and a composite
sample was formed, which was subsequently used to pre-
pare extracts and conduct phytochemical, morphological,
and anatomical studies and determine the purity of the raw
material. Tops of shoots (40—50 cm long), including leaves
and stems, were cut from willow plants and dried. Samples
of plant material were dried at room temperature for 10
days, and the dried plant material was stored in well-
sealed bags (paper or cloth) at room temperature before
analysis. Herbarium samples and raw plant material of the
Verbaceae family species that were used in our research
are stored at the Department of Pharmacognosy, National
University of Pharmacy (Kharkiv).

The object matter of the research was dry extract of
Sakhalin willow shoots (DEWS) obtained according to the
general scheme: air-dry raw materials, crushed to the size
of particles passing through a sieve with a hole diameter of
3-5 mm, were placed in an extractor; extracted with 60 %
ethyl alcohol (in the ratio of raw materials-extractant 1:10),
taking into account the extractant absorption coefficient,
at 90 °C for 2 hours. The operation was repeated 2 times;
the third extraction was carried out with hot water until the
BAS was completely extracted from the raw material. The
obtained extracts were evaporated and dried in a vacuum
evaporation apparatus at a temperature of 80 °C and a
pressure of 80—87 kPa to a dry extract.

The resulting dry extract is a brown powder, loose,
non-hygroscopic, with an odour, in which phenolic com-
pounds were determined by high-performance liquid
chromatography (HPLC). The content of the sum of poly-
phenolic compounds is 50282.12 pg/g, and the sum of
flavonoids is 25553.71 pg/g. Amongst the compounds
identified are chlorogenic acid, caffeic acid, catechin, ru-
tin, quercetin, myricitin and myricitin glycosides, nar-
ingin, naringenin, hesperidin, hesperetin, luteolin and lu-
teolin glycosides, apigenin and apigenin glycosides [10, 15].

In the experiment that we conducted, rabbits weigh-
ing 2.0-2.5 kg were used. The animals were divided into
three groups. Group 1 was a control group; group 2 were
animals that had been intragastrically injected with DEWS
at a dose of 30 mg/kg prior to modelling thrombophlebitis;
group 3 similarly received Eskuvit 20 mg/kg as a reference
drug — pills (JSC Halychpharm, Ukraine). The dose for
animals was recalculated, taking into account body weight
according to the Rybolovlev method [22].

The maintenance of vivarium conditions and ex-
periments with animals were carried out in strong accor-
dance with the main provisions of the Council of Europe
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Convention on the Protection of Spine Animals Used in
the experiment (plastic drinkers, balanced feed, free ac-
cess to water) [23, 24].

Experimental thrombophlebitis was caused by in-
jecting an intravenous solution of 2 % lugol at a dose of
0.1 ml into the marginal vein of the ear, having previous-
ly applied a ligature to the ear at a distance of 4 mm. Two
hours later, rabbits formed a blood clot from 3.5-4.5 cm
with an inflammatory surface of the soft tissues of the
ear with an area of 700—1500 mm?. Transparent midi-mi-
ter paper was applied to the inflamed part of the rabbit’s
ear, a contour was applied, and the area of the hyper-
hymn was determined. The thrombus length was deter-
mined using the formula:

_ L —L,*100

L - 5 >
L3

where L, — initial thrombus length; L, — experiment day;
L, — number of days of experiment.

This model makes it possible to obtain a violation of
blood flow due to inflammation of the venous wall, which
is characteristic of most human thrombotic conditions [25].

The therapeutic and prophylactic effect of the stud-
ied drugs was observed for 10 days. The studied extract
and the comparison drug were administered once a day
intragastrically 3 days before the pathology simulation and
throughout the experiment. For a more detailed assess-
ment of the intensity of the pathological process in the
vascular wall of the vein and its correction with the studied
drugs, histological studies were performed in accordance
with unified methods of light microscopy [26].

Statistical data processing was carried out using
the Statistica for Windows 11.0 program based on vari-
ance analysis for repeated measurement data using the
Mann-Whitney criteria at a probability level of p<0.05.

4. Research results

Against the background of the development of ex-
perimental thrombophlebitis in rabbits, the development of
thrombosis of the ear vein and the inflammatory process
of adjacent tissues were observed. The inflammatory pro-
cess was accompanied by pronounced hyperemia and oe-
dema. Prophylactic administration of DEWS for 6 days
contributed to a decrease in the inflammatory process al-
ready on the 5th day of observation. The area of the in-
jured area was 20 % smaller than in the control pathology
group (CPG). Eskuvite showed a more pronounced protec-
tive effect compared to the CPG. The area of the injured
ear area changed by 8 % compared to the CPG. On the 5th
day of the experiment, the length of the thrombus in the
study groups was less than in the CPG (Table 1).

By the end of the experiment, animals treated with
DWS had a significant decrease in the length of the throm-
bus by 72 % (p>0.05), compared with the CPG; in the
group of animals treated with Eskuvite, the decrease in the
length of the thrombus was 62.5 %, respectively. In the
control group of animals during the experiment, the area
of hyperemia decreased slightly and, on the 10" day, was
32.4 % lower in comparison with the initial data. It should
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be emphasized that DEWS showed a statistically more
pronounced protective effect in comparison with the refer-
ence drug. According to the literature data, herbal medi-
cines based on polyphenols and flavonoids exhibit protec-
tive vasoconstrictive properties, strengthen the
endothelium of the venous wall, preventing the adhesion of
cells with the endothelium, reducing inflammatory reac-
tions, thereby reducing the radioprotective effect [19, 27].

The study data were confirmed morphologically. In
intact rabbits, the outer and inner sides of the transverse
profile of the studied ear area are bordered by the epidermis
of the usual type. In the dermis of the skin proper, hair fol-
licles and sebaceous glands are visible. Collagen fibers are
dense, the cellular content is very moderate. The plate of
fibrous cartilage, which represents the base of the ear, does
not have a continuous character. Next to the cartilage plate,
transverse profiles of the outer marginal vein of the ear,
different arteries are visible. The lumen of the vein is nar-
row; in some rabbits, it is filled with blood. The wall is thin
and undamaged. Intima is represented by endothelial cells
(nuclei), which have an elongated shape, and the internal
elastic membrane is poorly defined. The media is very thin;
there is almost no muscle component in it, and collagen fi-
bres are very thin and few in number. The outer shell of the
vein is represented by an expressionless connective tissue.
The tissues surrounding the vein have no signs of inflamma-
tion, oedema, or the usual architectonics (Fig. 1).

Table 1
Effect of Sakhalin willow shoots dry extract on ear
inflammation area in rabbits against the background of
experimental thrombophlebitis

Experiment Thrombus square, mm?
groups 1% day 5% day 8t day 10" day
Control 505.1+ | 412.5+ 390.3+ 341.5+
pathology +11.2 +12.3 +10.8 +9.66
DEWS 4503+ | 332.5+ 291.5+ 95.1%
30 ml/kg +12.1 +9.8% ** | A8 18* k| £37H **
Eskuvit 493.7+ | 3803+ 315.5¢ 128.3+
20 ml/kg +9.8 +10.3* +7.71* +6.8*

Note: *- statistical deviations valid in comparison with the CPG;
**_ statistical deviations valid in comparison with the compari-
son drug; experimental data treatment (Mann-Whitney p>0.05).

Fig. 1. Marginal vein of the ear of an intact rabbit.
The condition of the external marginal vein and the
surrounding ear tissues corresponds to the norm.
Hematoxylin-eosin; X200
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Model pathology. Against the background of
experimental thrombophlebitis, a change in the state
of the marginal vein is observed in the studied areas of
the ear. In the areas directly close to the injury zone,
the lumen of the vein is clearly expanded, made by a
fairly dense red thrombus. The vein wall is destroyed,
and sometimes the adhesion of the thrombus with the
wall or with the destructive remnants of the wall and
with the surrounding tissues is visible. The blood flow
in the vessel in this area is suspended. In the surround-
ing dermis, collagen fibres are in a state of degenera-
tive oedema, and an inflammatory productive reaction
is traced (Fig. 2).

Fig. 2. The marginal vein in the rabbit’s ear on the
10" day of the development of thrombophlebitis. A red
blood clot clogs the lumen of the vessel; the vascular
wall is destroyed in places (arrows), inexpressive
softening of thrombotic masses, collagen fibres of the
surrounding dermis are edematous, an inflammatory
reaction in the skin itself. Hematoxylin-eosin; x250

In the areas of the ear, more distant from the inju-
ry zone in the marginal vein, different expressiveness of
thrombic mass lysis is visible; the stages of thrombus
organization are its replacement with young connective
tissue, vascular obliteration as well as fibrosis of peri-
vasal tissue and signs of inflammation (Fig. 3).

Fig. 3. The marginal vein of the rabbit’s ear on the 10
day of the development of thrombophlebitis. Lysis
of thrombic masses, inflammation in perivasal tissue.
Hematoxylin-eosin; X200
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In the rabbits that were injected with a dry ex-
tract of Sakhalin willow shoots against the back-
ground of thrombophlebitis, no clots were detected in
the marginal vein of the ear throughout all the studied
areas. The presence of wall-mounted thrombi was ob-
served in the areas of the ear close to the ligature site
in the enlarged lumen of the vessels; the material of
the thrombic masses was noticeably softened. The
vein wall in some rabbits is focally destroyed. There
are no degenerative changes in the collagen matrix of
the skin itself, and the inflammatory reaction periva-
sally is significantly less (Fig. 4).

Fig. 4. The marginal vein of the rabbit’s ear on the 10"
day of the development of thrombophlebitis and parallel
injection of dry extract of Sakhalin willow shoots. A
wall thrombus in the enlarged lumen of the vein, focal
damage to the vascular wall, the inflammatory reaction
perivasally is clearly reduced. Hematoxylin-eosin; X200

In the areas of the ear more distant from the place
of ligature application along the vein, a thrombus in the
lumen is either small near-wall or absent. Irritated
erythrocyte masses are often visible, blood flow in the
vessels is free, and fibrosis of the vascular wall is not
visible. The condition of the marginal vein is close to
intact. Violation of microcirculation and signs of in-
flammation in the tissues of the ear proper has not been
determined.

Against the background of the introduction of the
comparison drug Eskcuvit in the preventive and thera-
peutic regime against the background of the development
of thrombophlebitis, the marginal vein in the area close
to the injury site is quite expressively expanded, but its
wall is not destroyed. A blood clot can be seen in the lu-
men of the vessel, which clogs the lumen. The thrombus
material is unevenly softened, and the signs of inflam-
mation are not pronounced (Fig. 5).

A little further along the vein, a blood clot in the
lumen persisted. There are signs of organization in
it (Fig. 6), and also, in parallel with it, the processes of
sewerage are observed — manifestations in the connec-
tive tissue which replaced the thrombus material of
newly formed capillaries thanks to which blood flow is
restored in this part of the vein. The vascular wall is
slightly thickened, and there is no perivasal fibrosis.

Fig. 5. The marginal vein of the ear of the rabbit on
the 10* day of the development of thrombophlebitis
and parallel injection of Eskuvit. The thrombus clogs
the lumen of the vessel; the thrombotic masses are
unevenly softened, and the vascular wall is not damaged.
Hematoxylin-eosin. 250

Fig. 6. The marginal vein of the rabbit’s ear on the
10" day of the development of thrombophlebitis and
parallel administration of Eskuvit. In the lumen of
the marginal vein (oval), a thrombus with signs of
organization is visible; the vascular wall is soldered to
the surrounding tissue, causing an inflammatory reaction
in the skin itself. Hematoxylin-eosin; x200

5. Discussion

Based on the obtained microscopic data, it can be
concluded that a temporary stop of blood flow in a limited
area of the marginal vein of the ear with the simultaneous
introduction of lugol solution into its space leads to patho-
logical changes in both the vessel itself and the surrounding
tissues. On the 10" day of pathology development, a micro-
scopic picture of marginal vein thrombosis with lumen ob-
turation, destruction of the vascular wall, and degenerative
and inflammatory changes in the skin tissues surrounding
the vessel was observed on micropreparations. In the course
of the vein, different stages of thrombus organization were
observed — from the disintegration of erythrocytes and leu-
kocytes, the appearance of connective tissue cells, to com-
plete overgrowth of the lumen with connective tissue, stop-
ping blood flow in this area, as well as vascular sclerosis
wall of different expressiveness, perivasal fibrosis.
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The use of dry extract of Sakhalin willow shoots,
simultaneously with the development of pathology, pre-
vented the formation of blood clots that clogged the lu-
men of blood vessels and contributed to the softening of
the material of small blood clots and thrombolysis. As a
result of all this, the material of the thrombus disintegra-
tion was ‘washed away’ by the blood flow and, in con-
trast to the model pathology, the blood flow was restored
in the studied area of the ear. Dry extract of Sakhalin
willow shoots prevented the destruction of the vascular
wall and reduced or eliminated degenerative changes and
inflammatory reactions of surrounding tissues, which is
due to its phytocomposition (flavonoids and salicylic ac-
ids) and is consistent with literature data [16, 17, 28, 29].

It has been found that bioflavonoids exhibit p-vita-
min activity, improve microcirculation and trophic tis-
sues, reduce congestion in the veins, and have thrombo-
lytic, phlebotropic and anti-inflammatory effects [28, 29].

The comparison drug Eskuvit on this experimen-
tal pathology model had a less significant effect on the
process of thrombosis, softening of the thrombus materi-
al and thrombolysis, but contributed to the ‘acceleration’
of its sewerage, which also contributed to the renewal of
blood flow in the vessel. Under the influence of Eskuvit,
inflammatory manifestations in the ear tissues decreased.

According to the positive effect on the histological
manifestations of experimental thrombophlebitis, the dry
extract of the shoots of the Sakhalin willow was superior
to the comparison drug Eskuvit.

Research limitations. Pharmacological studies
are limited to the constituent of the phytoextract.

Further research prospects. Consequently, it is
planned to study the effect of pharmacodynamic proper-
ties of phytoextract on anticoagulant properties and plate-
let aggregation inside the vascular bed. This phytoextract
is planned to be investigated as a means for the prevention
and treatment of varicose veins of the lower extremities.

6. Conclusions.

1. DEWS administered in a therapeutic and pro-
phylactic mode at a dose of 30 mg/kg exhibits anti-in-
flammatory, thrombolytic and venoprotective effects in
conditions of experimental thrombophlebitis of peripher-
al veins in rabbits.

2. Comparative analysis showed that, according to
the activity of the effect on thrombophlebitis indicators,
dry extract of Sakhalin willow shoots had a more pro-
nounced thrombolytic activity on the process of throm-
bosis and thrombolysis compared with Eskuvite pills.

3. The results of the conducted studies allow us to
recommend DEWS as a venoprotective agent with
thrombolytic activity for further study.
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