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Abstract

The aim of the experiment was to study the anti-inflammatory effect of the novogalene agent Ledum 50, obtained from
Ledum palustre shoots, in a rat model of acute bronchitis.

Materials and methods. Acute bronchitis was initiated by endotracheal administration of 1 % formalin solution. The ef-
fectiveness of Ledum 50 was investigated by the number of leukocytes and cell composition in isotonic BAL solution after 24 hours
and after 8 days of the experiment. Serum levels of C-reactive protein (CRP), alkaline phosphatase (AP) and CIC were determined.
Histological examination of the lungs was carried out.

Results. Endotracheal injection of formalin caused irritation of the trachea and bronchi, excessive formation of bronchial
secretions (heavy breathing, wheezing) in all the studied groups. The lethality of animals in the OB group on the 3rd day of the expe-
riment (1 rat) was recorded, in the studied groups there was no death. The level of leukocytes in BAL after 24 hours exceeded the index
of the IC group by 9.63 times (p <0.05), after 8 days — by 3.0 times (p < 0.05). In the cellular composition of BAL, there was a signif-
icant increase in granulocytes (rod- and segmented neutrophils, eosinophils), monocytes and a decrease in the lymphocyte population
against the IC group. Such changes were verified in the long term (8 days of the experiment), which indicates an inflammatory process.

In the group of rats that received Ledum 50, leukocytes in the BAL significantly decreased, the number of monocytes and
lymphocytes in the BAL decreased, the amount of CIC in the blood serum, CRP and AP normalized. In terms of effectiveness, Le-
dum 50 significantly exceeded the BAL values of the reference drug. The effectiveness of experimental therapy for acute bronchitis
was also verified by studying the histostructure of the airways and the respiratory part of the lungs.

Conclusions. Studies confirm the favorable course of acute bronchitis with Ledum 50 monotherapy. This fact is confirmed by
the results of normalization of hematological parameters, leukocytes and BAL cell composition after 7 days of treatment with the claimed
agent. This is the basis for further preclinical and clinical studies with the aim of creating an oral drug for the treatment of acute bronchitis.
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1. Introduction

Acute bronchitis (AB) is characterized by acute inflammation of the trachea and large bron-
chi without signs of pneumonia. In 90 % of cases, the causative agents of the disease are viruses,
much less bacteria, such as: Mycoplasmapneumoniae, Bordetellapertussis and Chlamydiapneumo-
niae [1, 2]. AB can also develop due to damage to the lungs by vapors of hydrogen sulfide, chlorine,
ammonia, organic dust and other toxic substances. The dominant signs of AB are cough, possible
wheezing, shortness of breath, nasal congestion, headache, fever, the radiograph shows an expan-
sion of the roots of the lungs [3]. According to the guidelines on the basis of evidence-based me-
dicine, drug therapy for the treatment of acute bronchitis includes symptomatic treatment of cough,
and it is recommended to take antitussive drugs and expectorants [4]. In our opinion, it is rational
to use herbal medicines, because herbal medicines act on the mechanism of development of acute
bronchitis, reducing inflammation in the respiratory tract [5, 6]. In addition, they have a number of
advantages: polytherapy, safety, efficacy and cost-effectiveness [7, 8]. In the pharmaceutical mar-
ket of Ukraine you can find many herbal medicines that are used and intended for the treatment
of cough in acute bronchitis. However, according to the literature, a limited number of drugs have
a strong evidence base and are recommended for use by European colleagues. The effectiveness
of ivy and thyme has been clinically proven [9—12], but ivy-based drugs are quite expensive, and
thyme-based drugs have a number of contraindications, such as: diseases of the gastrointestinal
tract (hyperacid gastritis, peptic ulcer disease), cardiovascular disease system (in atrial fibrillation,
atherosclerosis, hypertension), in addition, the essential oil of thyme is a strong irritant to the renal
parenchyma [13]. Since these diseases are very relevant — the use of thyme is limited.

Therefore, further search for new herbal medicines is promising. Our attention was drawn
to a plant that has long been used in folk medicine for the treatment of respiratory diseases — shoots
of Ledum palustre. It is known that Ledum palustre enhances the secretion of bronchial glands,
increases the activity of the ciliated epithelium of the respiratory tract, has an antispasmodic effect
on the smooth muscles of the bronchi, providing expectorant, enveloping and antitussive effect, has
antimicrobial activity. Due to the poisonous properties of the plant today, its use is limited — the
essential oil, which is part of the plant, causes headaches, dizziness, nausea. In the study, it was de-
cided to obtain a new galenic phytocomplex based on the shoots of Ledum palustre, which due to its
purification from ballast substances will not have a toxic effect on the body. Previous studies have
proved the author’s assumptions (experimental study of acute toxicity and the study of the effect of
phytocomplex No. 5 on the behavioral and emotional response in rats) [14, 15].

That is why the shoots of Ledum palustre are useful as promising plant raw materials for the
creation of new drugs in the treatment of diseases of the respiratory system. It is also worth noting
that Ledum palustre has a raw material base in Ukraine. There are resources in the territory of
Western Polissya (Volyn and Rivne regions) [16, 17].

The aim of the experiment was to investigate the anti-inflammatory effect of the new galenic
agent Ledum 50, obtained from the shoots of Ledum palustre in a model of acute bronchitis in rats.

2. Materials and methods

At the Department of Pharmacognosy of the National University of Pharmacy under the
leadership of prof. Koshovyi O. M., the method of multiple extraction of Ledum palustre shoots
with 50 % ethanol [18], obtained a new galaxy phytocomplex of Ledum palustre shoots (herein-
after — Ledum 50), which includes polyphenolic compounds — 13.47 %, flavonoids — 12.34 %,
monosaccharides — 4.79 %, carboxylic acids — 2.96 %, hydroxycinnamic acids — 1.78 %, terpene
compounds — 1.33 % and amino acids — 0.31 %. In experiments on guinea pigs, Ledum 50 showed
a pronounced antitussive and bronchodilator effect at a dose of 50 mg/kg [19, 20].

The next step in the study was to examine the effectiveness of Ledum 50 in acute bronchitis
in rats [21]. White outbred female rats obtained from the vivarium of the Educational And Scien-
tific Institute Of Applied Pharmacy of NUPh were selected for the study. Animals were kept in
a room with controlled microclimate parameters: air temperature + 18-22 °C, relative humidity
50—65 %, light regime «12 hours day/night» [22]. Animals were treated in accordance with the
rules of the «European Convention for the Protection of Vertebrate Animals Used for Experimental
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and Scientific Purposes» (Strasbourg, 1986) [23]. The study protocol of Ledum 50 on the model
of acute bronchitis was agreed with the local committee on bioethics «Commission on Bioethics
of the National University of Pharmacy», Protocol No. 2 dated November 4, 2019,

All experimental animals except intact were modelled with AB. As the initiating agent
used 1 % formalin solution, which was administered endotracheally at a dose of 2 ml/animal using
a probe for endotracheal administration under anesthesia (thiopental 38 mg/kg, intraperitoneal-
ly) (certificate No. 001528 from 15.03.2020). Animals were divided into groups: the first — in-
tact control (IC, 6 animals), the second — animals with simulated acute bronchitis (AB, 6 ani-
mals); groups 3 and 4 — animals that received simulated AB received Ledum 50 at a dose of
50 mg/kg (6 animals) [10] and the comparison drug (CD) effervescent tablets Propan at a dose
of 240 mg/kg (6 animals), respectively. Effervescent tablets Prospan (p.19N066A, Germany), were
transferred from the daily dose for humans using the conversion factor [24].

Test samples were administered intragastrically once daily in a volume of 1 ml/100 g,
group AB animals received distilled water in an equivalent volume. Treatment was started 24 hours
after modelling AB for 7 days.

To assess the intensity of airway inflammation 24 hours (peak pathology) after AB initia-
tion [21], 6 animals from the group of intact control and the group with simulated AB were removed
from the experiment. The level of leukocytes and ESR was determined in the peripheral blood of
control rats, in the isotonic solution of BAL — leukocytes and the cellular composition of washes by
conventional methods [25-27].

To study the effectiveness of treatment from the experiment, the animals were removed on
the 8th day of the experiment under light chloroform anesthesia and bronchoalveolar lavage was
taken, blood was collected for biochemical parameters and lung tissue was taken for histological
examination.

The pharmacotherapeutic effect of the samples was determined by serum biochemical pa-
rameters — the level of C-reactive protein (CRP), the activity of alkaline phosphatase (AP) and
circulating immune complexes (CIC) using diagnostic kits (LLC NPL «Granumy, Ukraine).

Fragments of the main (extrapulmonary) and intrapulmonary bronchi and bronchioles, re-
spiratory department of lungs of rats of all experimental groups were used for histologic researches.
Histological preparations were made according to the recommendations [28]. Examination of micro-
preparations was performed using a Granum microscope, microphotography — a digital video camera
Granum DSM 310, photographs were processed on a Pentium 2.4 GHz computer using Toup View.

All actual material was processed by methods of variation statistics (mean value (M), its
standard error (m) using parametric (one-way analysis of variance ANOVA, Newman-Keuls test)
and non-parametric methods of analysis (Kruskal-Wallis test, Mann-Whitney test)). The accepted
significance level is p <0.05, and the standard STATISTICA software package (version 6) was used
to obtain statistical conclusions [29-31].

3. Research results

Endotracheal administration of formalin caused irritation of the trachea and bronchi, exces-
sive formation of bronchial secretions (difficulty breathing, wheezing) in all experimental groups.
Mortality of animals was recorded on the 3rd day of the experiment only in group AB (1 rat), in the
experimental groups there was no death (Table 2).

Swelling and hemorrhage were observed in the bronchi during macro-examination.
In group AB, the level of leukocytes in BAL (Table 1) after 24 hours exceeded this figure by
9.63 times (p <0.05), after 8 days — 3.0 times (p <0.05). When assessing the cellular composition
of BAL in these terms, a significant increase in granulocytes (segmental and rod-shaped neutro-
phils, eosinophils) and monocytes, a decrease in the population of lymphocytes relative to the
IC group (Table 1). In all treated groups of animals, BAL leukocytes were significantly reduced
against the AB group to the level of the IR group. Indicators of cell composition in the group receiv-
ing Ledum 50 were close to those of group IC (monocytes and lymphocytes), the total granulocyte
showed a tendency to decrease. Prospan also had a similar effect, some indicators (segmental neu-
trophils, monocytes, lymphocytes) were even inferior to Ledum 50.
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The inflammatory process initiated by formalin, naturally led to an increase in the serum of
animals CRP level, an important marker of bronchopulmonary diseases [32, 33], which is logically
correlated with the maximum value of leukocytes in group AB (Table 1). In animals of group Le-
dum 50 the value of this indicator was significant against group AB and had no significant devia-
tions from the values of group IC. A similar effect is shown in the Prospan CD group. No deviations
between the study groups were found.

Table 1
The effect of Ledum 50 and the comparison drug Prospan on the level of leukocytes and cell composition
of isotonic BAL solution in acute bronchitis in rats (Mt m)

S CI:I::':JI AB :;‘I:i‘:(fl AB AB+ Ledum 50  AB+ Prospan
24 hours 7 days of treatment
Blood leukocytes, 10%/1 12.42£0.62 16.85+£0.60* 12.21£0.50 14.70+0.46* 13.29+£0.72 13.21+0.68
ESR, mm/h 1.66£0.17  490+0.40* 1.58+0.24  3.30%£0.30* 2.25+0.28t%/** 2.50+0.18%/**
Leukocytes BAL, 10%/1 0.19+£0.03  1.83+£0.29*  0.24+£0.07  0.76£0.30* 0.34£0.02%* 0.36£0.06 t**

Neutrophils: segmental BAL  4.40+1.03  39.33+8.64* 4.40+1.03 18.60+2.23*  1.20£0.20%/*¥/***  500£0.32%/**
Neutrophils: rod-shaped BAL  3.40£0.40  30.17£4.09* 3.40£0.40 26.80+4.68* 8.00£0.45%/** 8.40£0.51%/**

Eosinophils BAL 3.00+£0.78 22.50+3.28%  3.00+£0.78  18.60+2.48* 12.20£0.80%/** 14.60+0.87*

Granulocytes BAL 10.80+£1.16  92.00£9.53* 10.80+1.16 64.00+£6.49*  21.40+£0.51%/**/***  28.00+£0.63%*/**
Monocytes BAL 7.20+£1.02  32.00+2.27* 7.20+£1.02  29.60+2.46* 8.60£ 1.03**/*** 1400+ 1.22%/**
Lymphocytes BAL 85.40+£6.39 285.67£25.63* 85.40+6.39 180.60+12.34* 101.80£4.69%*/r*** 119.40+6.42%/**

Note: * — statistically significant values for the IC group, p < 0.05; ** — statistically significant values for group AB, p < 0.05;
**% _ statistically significant values for the group Prospan, p < 0.05; t — the value is close to statistical, 0.05 <p < 0.100

The severity of the humoral response was not enhanced in animals with AB — CIC was
significantly reduced against the IC group (Table 2). Against the background of 7-day treatment
with Ledum 50, this figure increased (8th day of the experiment), which is possible in the treat-
ment of bronchopulmonary diseases, especially in the late period, both in experiments and in
the clinic [34-36]. It can also be assumed that high levels of CIC are observed in experimental
groups in which the immune response was more effective. The AP index in group AB responded
to intoxication of animals with significant IC values for animals. 7-fold administration to animals
of the studied drugs reduced the manifestations of intoxication, but did not fully recover them.
No deviations between the study groups were found.

Table 2
Effect of Ledum 50 and effervescent tablets Prospan on biochemical parameters in the serum of rats after
7 days of treatment in acute bronchitis (M+m)

Indicators Intact control AB AB + Ledum 50 AB + Prospan

Survival, % 100 83 100 100
CRP, g/l 7.00+1 19.20+£2.94* 10.00£1.27** 8.00+ 1.27%*
CIC, c.u. 0.070+0.003 0.055+0.003* 0.068+0.003 0.063+0.002

AP, nmol/l 4.22+0.25 7.33+0.31* 4.87+0.23 r¥/** 5.14£0.23%/**

Note: * — statistically significant values for IC group, p <0.05; ** — statistically significant values for group AB, p < 0.05;
t — the value is close to statistical, 0.05 <p < 0.100

At microscopic research at rats of IC group the wall of the main bronchial tubes (at the level of
bifurcation) was presented by mucous, submucous, fibrocartilage and external covers. The mucous
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membrane was lined with multilayered ciliated epithelium with a moderate number of goblet cells.
The own plate of a mucous membrane was presented moderately, subepithelially contains a capil-
lary grid. The submucosal membrane consists of loose connective tissue, variable saturated with
cellular material. The fibrocartilage shell contains not closed annular cartilaginous plates. The
space between the plates was filled with bundles of smooth muscle cells with connective tissue
layers, in which places are moderately represented lymphoid clusters (Fig. 1). Large and medium
bronchi have cartilaginous plates. The lumen of the bronchi and bronchioles is quite wide. In the
stroma of the bronchial tree lymphoid clusters were of various sizes. In the pulmonary parenchyma,
the pattern of alveolar passages, alveolar cavities and sacs was normal, signs of dystelectasis and
atelectasis, proliferative manifestations of interalveolar septa were not observed.

In group AB rats on day 8 of the experiment had hyperplasia of the epithelium of the main
and large intrapulmonary bronchi, violation of the structure of the flickering apparatus (loosen-
ing of the apical parts of the flickering cells), infiltration of the mucous and submucosal layers of
the bronchial wall (Fig. 2). Among the ciliated epithelium, a marked increase in goblet cells with
glycosaminoglycans was observed (Fig. 3). The epithelial lining of the middle and small bron-
chi was not changed, but in the terminal bronchioles increased focal desquamation of epithelial
cells was observed. Increased lymphocytic perebronchial reaction in the stroma of the bronchi-
al tree, focal clusters of lymphocytic cells perivascularly were found. Alveolar pattern of lung
tissue was not changed, in some rats observed some thickened interalveolar septa (Fig. 4). The
listed changes in lungs of rats of group AB are well coordinated with shifts of cellular structure
in BAL (Table 1).

cilia of ciliated epithelium

Fig. 1. A fragment of the wall of the main bronchus of an intact rat. Normal condition
of the ciliated epithelium, stroma of the mucous membrane. Hematoxylin-eosin. x400

Fig. 2. The wall of the main bronchus of rats from group AB. Epithelial hyperplasia,
focal disturbance of the structure of the flickering apparatus, infiltration of the mucous and
submucosal layers by inflammatory infiltrate cells. Hematoxylin-eosin. x250

Ledum 50 therapy helped to minimize the signs of hyperplasia of the epithelium of the main
and large intrapulmonary bronchi, disorders of the structure of the flickering apparatus (Fig. 5).
However, there were clusters of goblet cells, focal infiltration of the mucous and submuco-
sal layers of the bronchial wall, increased lymphocytic peribronchial response, perivascular
infiltration (Fig. 6). In animals treated with Prospan, a similar microscopic picture was observed
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as in the Ledum 50 group — there were almost no signs of bronchial epithelial hyperplasia. No dif-
ferences were found between the groups.

Fig. 3. The wall of the large intrapulmonary bronchus of the rat from group AB.
An increase in the number of goblet cells among the ciliated epithelium. PAS-reaction
according to McManus. x400

=N )Y

. X ‘J_ .t
Fig. 4. The respiratory tract of rat lung tissue from group AB. Hypertrophy of peribronchial
lymphocytic infiltrate. Hematoxylin-eosin. x100

Fig. 5. The wall of the main bronchus of rats from the group Ledum 50: normal state
of the ciliated epithelium. Hematoxylin-eosin, X200

Fig. 6. Respiratory lung tissue of rats from the group Ledum 50: perivascular lymphocytic
infiltration (d). Hematoxylin-eosin, X100

Almost a similar microscopic picture was observed after therapeutic administration of the
comparison drug (Fig. 7), which indicates that the studied phytocomplex-leader from the shoots
of Ledum palustre for some positive therapeutic effect on the histological condition of the bronchi
after intratracheal administration of 1 % formalin solution is not inferior to the comparison drug.
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Fig. 7. Fragment of the wall of the main (@) and large intrapulmonary (b, ¢, d) bronchus,
respiratory lung tissue (e) of the rat after treatment with the comparison drug Prospan:
the condition of the ciliated epithelium is normal (a, ), a marked increase in the number
of goblet cells among the ciliates middle bronchi (¢, d), lymphocytic infiltration of the
submucosal layer (c), perivascular lymphocytic infiltration (e): a, b, ¢, d — hematoxylin-eosin,
d PAS reaction according to McManus x. @, ¢ — x200; b — x250; d — x400; e — x100

4. Discussion of research results

A new galenic phytocomplex was obtained from the shoots of Ledum palustre, which is
a light brown substance that was dissolved in distilled water for pharmacological research. To ob-
tain the phytocomplex Ne5 were used extraction with 50 % ethanol, for efficiency and maximum
removal of BAS, which was proposed for the first time in contrast to previous studies [37].

According to the results of our study, 7-day treatment of rats with the proposed drug Ledum
50 at a dose of 50 mg/kg, which simulated acute bronchitis, significantly normalized hematological
parameters, leukocytes and cell composition of BAL. Histological examination showed that no dif-
ferences were found between the experimental group and the reference group. Which suggests that
Ledum 50 has anti-inflammatory properties at the level of the drug Prospan. Thus, the prospects
of further preclinical and clinical studies and the creation of a modern, safe, effective, economical,
domestic drug for the treatment of acute bronchitis have been proven.

Study limitations. The content of leukotrienes and prostaglandins was not studied.

Prospects for further research. A number of experimental studies Ledum 50 proves its
viability for further preclinical and clinical studies to develop an effective and safe drug for the
pathogenetic treatment of acute bronchitis, which has a polytherapeutic effect on the body.

5. Conclusions

Endotracheal administration of 1 % formalin solution causes bronchopulmonary inflammation,
which changes the histostructure of the lungs and bronchi on day 8 corresponds to the picture of acute
toxic bronchitis. Modelling of AB caused mobilization of leukocytes in broncho-alveolar lavage fluid.
Its maximum severity was observed in the dynamics after 24 hours and after 8 consecutive days, an
increase in leukocytes and in the cellular composition of BAL. The main sign of an acute inflammatory
process was a marked increase in CRP, AP against a background of reduced immune protection — CIC.

New galenic phytocomplex Ledum 50, obtained from shoots of Ledum palustre, at a dose
of 50 mg/kg, which was administered intragastrically to rats in a treatment regimen for 7 days,
significantly reduced leukocytes in BAL, restored the number of monocytes and lymphocytes in
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BAL, the indicators did not differ significantly from intact animals, normalized the number of
immune complexes in serum, CRP and AP.

The results of the study confirm the favourable course of inflammatory disease on the back-
ground of Ledum 50 in monotherapy. Normalization of the histostructure of the respiratory system
in animals treated with Ledum 50 is apparently due to the complex action of the phytocomplex,
which has a strong anti-inflammatory effect, which is proven in the model of acute bronchitis and
zymosan and carrageenan edema in rats (previously studied). It should be noted that the phytocom-
plex No. 5 is able to inhibit the synthesis of prostaglandins and leukotrienes, which will allow the
pathogenetic therapy of acute inflammation of the bronchial mucosa.
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