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Abstract Pyridine derivatives still attract the attention of many researchers for their comprehen-

sive biological research, possible promotion to the pharmaceutical market in order to be used as

effective drugs. In this article, based on the well-known and fairly accessible in terms of laboratory

synthesis of the 3-acetyl derivative of collidine, we carried out several simple chemical modifications

to obtain new collidine derivatives not previously described. The structure of the synthesized com-

pounds was confirmed by 1H- and 13C NMR spectroscopy. A biological screening of the synthe-

sized compounds for hemorheological activity was carried out on an in vitro blood

hyperviscosity model. It was shown that pronounced hemorheological activity was established

for compounds 3, 4 and 5. Compound 4 also showed a pronounced antifibrotic effect in an exper-

imental model of pulmonary fibrosis induced by intratracheal administration of bleomycin to rats.

In an experimental model of pulmonary fibrosis in rats, the formation of a hyperviscosity syndrome

was also observed, and blood viscosity decreased when compound 4 was administered to animals.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

It is known that many nitrogen-containing heterocyclic compounds are

used in pharmaceutical practice as broad-spectrum drugs

(Soldatenkov, A.T.; Kolyadina, N.M.; Shendrik, I.V. Fundamentals

of Organic Chemistry of Medicinal Substances; Chemistry: Moscow,

Russia, 2001; Asif, 2017; Kerru et al., 1909). Among nitrogen-

containing heterocycles, pyridine derivatives constitute a unique group

that includes about 5% of all known drugs. Pyridine-based compounds

demonstrate higher bioactivity, lower toxicity, advanced systemic and/

or excellent selectivity in comparison to their benzenoid counterparts

due to smaller hydrophobic constant (0.65 for pyridine vs 1.96 for ben-

zene).Pyridine derivatives are the part of the vital vitamins B3 (PP) and

B6 (Fig. 1), that play an important role in human metabolism and

widely used in medical practice as drugs with a variety of therapeutic

effects (antibacterial, antituberculosis, antidepressant, antihistamine,

analgesic, psychotropic, nootropic and others) (Available online,

2022; Mashkovsky, 2017; Alousi et al., 1979; Fox, 1952; Ward et al.,

1983). Pyridine derivatives are also used in agriculture as effective

fungicides, herbicides and growth-stimulating substances (Melnikov,

1987; Shimanskaya and Leitis, 1989; McDougall, 2014). Pronounced

pharmacological effect of active substances is due to continous main-

tanance of pharmacophores in an active state, since a change in their

position or the formation of additional bonds can change the spectrum

of activity exhibited by the substance. The presence of hydroxyl (or

amino-) and alkyl groups with different electron-donor properties in

pyridine derivatives leads to antioxidant activity (Kulakov et al.,

2015; Kulakov et al., 2014; Kulakov et al., 2018; Palamarchuk et al.,

2021). For example, emoxypine (2-ethyl-6-methyl-3-hydroxypyridine

succinate 1, Fig. 1) has antioxidant and membrane-protective proper-

ties (Available online, 2022). Its chemical structure resembles that of

pyridoxine (a type of vitamin B6). Recently, a close analogue of

emoxypine – 2,4,6-trimethyl-3-hydroxypyridine nitrosuccinate 2

(Fig. 1) demonstrating better effectiveness was synthesized and

patented (Fedorov et al., (n.d.))- This derivative of collidin is a promis-

ing anti-ischemic agent with a vasodilatory effect, which can exhibit a

protective effect in barotraumatic injuries and gunshot wounds by

inhibiting the processes of occurrence and development of secondary

necrosis (Gilmanov et al., 2012).

The introduction of new pharmacophore groups into the structure

of a bioactive molecule and the study of the effect of chemical modifi-

cations on the biological activity of compounds is one of the primary

tasks of organic synthesis. To this day, the search and optimization of

the conditions for many reactions is being carried out in order to

increase yields and simplify synthesis protocols. Properly selected inex-

pensive and readily available reagents greatly alleviate this task. Pyri-

dine carbonyl derivatives are a convenient basis for constructing

structural derivatives with desired pharmacological properties.

Our previous studies on the modification of pyridine acetyl deriva-

tives also have revealed structures with antituberculous, antibacterial,

antiviral, and analgesic activity (Stalinskaya et al., 2022; Oleshchuk

et al., 2019; Kulakov et al., 2017; Oleshchuk et al., 2020). The purpose

of this work is to carry out some chemical modifications of 3-acetyl-

2,4,6-trimethylpyridine 3. Back in 1947, Dornow A. published a work

(Dornow and Machens, 1947), which provides a very simple one-stage

method for the synthesis of 3-acetyl- 2,4,6-trimethylpyridine 3. Besides,
Fig. 1 Structural formulas of
there are two more modern methods in the literature for obtaining 3-

acetyl- 2,4,6-trimethylpyridine 3 under palladium-catalysed conditions

(Lejon et al., 2005) and under transition-metal catalyst-free conditions

(Song et al., 2016). However, after the publication of the synthesis of

this 3-acetyl derivative of collidine, there is practically no information

on its possible chemical modification in the literature. There is only

information about modifications of collidin (Abblard et al., 1972;

Van Rijn, 1926) and few reactions of 3-acetyl-2,4,6-trimethylpyridine

3 to provide a-branched ketones (Frost et al., 2015; Akhtar et al.,

2017). The probability of the antioxidant effect of pyridine derivatives

is estimated as relatively high and has been proven for a number of

new compounds (Kaddouri et al., 2020), and the types of biological

activity pathophysiologically related to the antioxidant effect can be

considered as targets for testing new compounds.

The presence of antiradical activity in compounds suggests a fairly

wide spectrum of their biological activity. The active participation of

rheological mechanisms in circulatory disorders has been proven

(Cecchi et al., 2009) Rheological occlusion is considered as an initiating

factor of plasma coagulation mechanisms leading to thrombus forma-

tion. The deterioration of the viscoelastic properties of erythrocytes

leads to a deterioration in microcirculation, which leads to a decrease

in local blood flow and tissue hypoxia. It is known that hemodynamic

disturbances are determined not only by the state of platelet-vascular

hemostasis, but also by the rheological properties of blood

(Roitman, 2003), therefore, it is of interest to study the possibilities

of the pharmacological effect of synthesized compounds on the viscos-

ity properties of blood.

Previously it has been shown that excessive lipid peroxidation

increases viscosity of blood (Nemeth et al., 2021; Caprari et al.,

2019). Successful attempts to prevent the negative effect of lipid perox-

idation on the rheological properties of erythrocytes has been made

with usage of antioxidants (Becatti et al., 2016; Jian et al., 1993). This

prompted us to screen the synthesized compounds with assumed

antioxidant properties for rheological activity.

Thus, screening for biological activity of new modifications of 3-

acetyl-2,4,6-trimethylpyridine 3, carried out in vitro on a model of

hemorheology disorders and in vivo on a model of pulmonary fibrosis

in this work logically complements the main goal.

2. Results

2.1. Chemistry

One way to modify the free acetyl group in the third position
of pyridine 3 is to reduce it to an alcohol group (De Martino

et al., 2005; Stepanenko et al., 2007; Truppo et al., 2007;
Itsuno, 1998). We carried out the reduction of the acetyl group
of 3-acetyl-2,4,6-trimethylpyridine 3 in the presence of a 2-fold
excess of sodium borohydride in an aqueous solution of etha-

nol (Scheme 1).
According to the data of gas chromatography-mass spec-

trometry, the reaction proceeds under the given conditions

with complete conversion of the starting pyridine, while the
actual yield of the reduced product is 90%. The resulting pyr-
drugs of the pyridine series.



Scheme 1 Reduction of acetyl group.
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idine hydroxy derivative 4 was isolated as a mixture of enan-

tiomers, it is a white crystalline powder, easily soluble in most
organic solvents. It also has good solubility in water (10 mg in
0.5 ml of H2O (pH = 7, at 20 �C), which can positively affect

its bioavailability. It should be noted that the structure of com-
pound 4 is given in the article (Lauber and Stahl, 2013), where
it is used as the starting product for the reverse reaction of the

oxidation of alcohol 4 to ketone 3. However, any information
about the method of its preparation, physicochemical con-
stants and spectral characteristics in cited work (Huang
et al., 2010) are completely absent.

For carbonyl groups, the reaction with N-nucleophiles of
various structures is characteristic and specific. An example
of this can be oximes that have useful practical properties,

including a wide range of biological activity, including antitu-
bercular, cytotoxic, antiviral, anti-inflammatory, and other
properties. (a Costa et al., 2020; Abele et al., 2003; Latif

et al., 2019; Schepetkin et al., 2021). In addition, pyridine oxi-
mes are used as antidotes for poisoning with organophospho-
rus compounds (Jokanovic and Prostran, 2009). In this regard,
we carried out the reaction of nucleophilic substitution of the

carbonyl group of 3-acetyl-2,4,6-trimethylpyridine 3 with an
oxime group by reacting it with hydroxylamine (Scheme 2).

According to the data of chromato-mass spectrometry, the

reaction under the given conditions proceeds with the forma-
tion of oxime 5 in the form of a mixture of E- and Z-isomers
with an approximate ratio of 3:2 and close retention times

(tR = 7.53 and 7.80 min), which did not allow them to be
divided into separate individual isomers. The ratio and corre-
lation of the mixture of E- and Z-isomers was carried out using
1H NMR spectroscopy. When analyzing the 1H NMR spec-
trum of a mixture of isomers, it was found that when integrat-
ing the singlets of all 4 methyl groups, as well as the singlets of
the H-5 proton and the hydroxyl proton of oxime 5, all signals

are duplicated while maintaining the overall ratio of 3:2. The
assignment of isomers was made on the assumption that the
Scheme 2 Nucleophilic substitution of the carbonyl group o
proton of the hydroxamic fragment of the Z-isomer, due to
spatial factors of a rigid geometric structure, enters the field
of action of the anisotropy cone of the aromatic pyridine ring,

which leads to its shift to a stronger field in the region of
10.55 ppm. compared to the same hydroxyl proton of the E-
isomer (11.07 ppm). Based on this, it was concluded that the

minor isomer belongs to the Z-form. A similar splitting and
duplication of signals with different intensities is also observed
in the 13C NMR spectrum. The reaction yield is 76%.

Another promising trend in the chemistry of pyridine
derivatives is the preparation of pyridine N-oxides. Pyridine
N-oxides have an extremely interesting reactivity (Katritzky
and Lagowski, 1967; Oae and Ogino, 1977; Habib et al.,

2023), which differs significantly from the reactivity of both
pyridines themselves and quaternary pyridinium salts. The
N-oxide group, depending on the conditions, facilitates the

reactions of both electrophilic substitution and nucleophilic
substitution at the a- and c-positions.

Given the above, it was of interest to us to obtain a synthon

with an increased reactivity for its further chemical transfor-
mations. The synthesis of the required 3-acetyl-2,4,6-
trimethylpyridine N-oxide 6 was carried out by treating 3-

acetyl-2,4,6-trimethylpyridine 3 with a solution of hydrogen
peroxide in acetic acid (Scheme 3).

The progress of the reaction was monitored by chromato-
mass-spectrometric analysis. So, after 5 h of boiling, trace

amounts of unreacted 3-acetyl-2,4,6-trimethylpyridine 3 and
the main amount of the corresponding N-oxide 6 remained
in the reaction mixture. The actual reaction yield was 70%.

For ease of use and improvement of the water solubility of
3-acetyl-2,4,6-trimethylpyridine 3, it was decided to convert it
to the corresponding hydrochloride 7 (Scheme 4).

Thus, based on laboratory-available 3-acetyl-2,4,6-
trimethylpyridine 3, we carried out several simple chemical
modifications in order to determine a further possible direction

of synthesis to obtain new structural derivatives of collidine
and to establish the ‘‘structure–activity” relationship.

2.2. Biological activity

2.2.1. Hemorheological activity in an in vitro blood

hyperviscosity model

In experiments on the study of hemorheological activity of
samples (Table 1), it was found that incubation of blood for
60 min at a temperature of 43.0 �C led to a significant increase

in blood viscosity at various spindle speeds from 2 to 60 rpm,
which indicates the formation of blood hyperviscosity.
f 3-acetyl-2,4,6-trimethylpyridine 3 with an oxime group.



Scheme 3 Synthesis of synthon 6 by treating 3 with a solution of

hydrogen peroxide in acetic acid.

Scheme 4 Convertion of 3-acetyl-2,4,6-trimethylpyridine 3 to

hydrochloride 7.

Table 1 Histomorphometric characteristics of the degree of

fibrosis.

Indicator Intact

animals

(n = 4)

Control

(n = 4)

Compound

4

(n = 4)

<1% (0, none) (n,%) 4/100 – –

<10% (I mild degree)

(n,%)

– – 1/25

<30% (II moderate

degree) (n,%)

– 1/25 2/50

>30% (III severe

degree) (n,%)

– 3/75 1/25

M ± SD 2.6 ± 0.3 59.4 ± 11.8 18.8 ± 4.4
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Fig. 2 shows that compounds 3, 4 and 5 have hemorheolog-
ical activity under the conditions of the in vitro model of blood

hyperviscosity. Compound 4 was able to significantly reduce
blood viscosity compared to low and medium shear controls
(2 to 20 revolutions per minute p < 0.05). Compound 3 was

able to significantly reduce blood viscosity compared to low,
medium and high shear controls (from 2 to 60 revolutions
per minute p < 0.05, except for speed 6, where the significance

level was p = 0.1184). Compound 5 was able to significantly
reduce blood viscosity compared to low and medium shear
controls (2 to 20 revolutions per minute p < 0.05). These com-
pounds were not able to restore normal viscosity, however.

Compound 4, among the other studied compounds, looked
as the most promising, both in terms of its state of aggregation
(white crystalline powder), ease of synthesis and preparative
purification, and in terms of the strength of the hemorheolog-
ical effect. Compound 5 was tested as a mixture of geometric
isomers (E- and Z-forms) due to the rather complicated proce-

dure for their separation. This fact may create further certain
difficulties at the stage of further in-depth bio-screening due
to their different pharmacological properties.

Therefore, compound 4 was chosen for more in-depth stud-
ies in vivo.

Fig. 2 shows that compounds 6 and 7 do not have any

hemorheological activity under the conditions of the in vitro
model of blood hyperviscosity.

Thus, analysis of the bioscreening of the synthesized com-
pounds 3–7 showed that only the modification of the carbonyl

group in 3-acetyl-2,4,6-trimethylpyridine 3 to alcohol and
oxime groups led to a significantly higher hemorheological
activity of the compounds.

2.2.2. Histopathological examination

Compound 4 was chosen for further studies of antifibrotic and
hemorheological activity in an experimental model of pul-

monary fibrosis in rats induced by intratracheal administration
of bleomycin.

Pulmonary fibrosis is a histopathological pattern of damage

to the lungs of animals in an experimental study, which is a
stress-induced bleomycin violation of the histoarchitectonics
of the respiratory sections with excessive deposition of extra-

cellular connective tissue matrix (collagen type I and III)
(Gross and Hunninghake, 2001). Type I collagen (mature col-
lagen) is the most abundant collagen, which is a structural

component of connective tissue and the predominant compo-
nent of the interstitial membrane, which forms the structural
and mechanical basis (matrix) of bones, skin, tendons, cornea,
blood vessel walls, and other connective tissues (Amirrah et al.,

2022). Type III collagen (other names: immature collagen, reti-
culin) is the second most common collagen, expressed in early
embryos and throughout embryogenesis, in adults it is the

main component of the extracellular matrix, distributed in
the wall of large blood vessels, reticular fibers of hematopoietic
organs (Liu et al., 1997).

In our experimental study, the degree and stage of fibrosis
are not identical concepts, but reflect two independent pheno-
types of fibrotic damage to lung tissue.

2.2.2.1. Comparative histomorphometric characteristics of the
degree of pulmonary fibrosis in the experimental groups of the
study. The results of the histomorphometric characteristics of

the degree of fibrosis are presented in Table 1. In the intact
group, there were no histoarchitectonic disorders associated
with fibrosis The average value of the area of fibrosis in the

intact group was 2.6 ± 0.3%.
In the control group, the average value of the area of fibro-

tic damage to lung tissue was 59.4 ± 11.8, which is typical for

diffuse damage. Severe fibrosis was observed in 3 cases (75%),
moderate in 1 case (25%), mild fibrosis and cases with no
fibrosis were identified.

In the group that received compound 4, the average value

of the area of fibrous lesions of the lung tissue was 18.8 ± 4.
4%.In the group administered compound 4, a mild degree of
fibrotic damage to the lungs was detected in 25% of cases,

moderate in 50%, and a severe degree was noted only in 1 case,
which amounted to 25%.



Fig. 2 Effect of studied samples on blood viscosity (mPa*s) at different spindle speeds in an in vitro blood hyperviscosity model.
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2.2.2.2. Comparative histomorphometric characteristics of the

stage of pulmonary fibrosis (histopattern of fibrous tissue) in the
experimental groups of the study. The results of the histomor-
phometric characteristics of the stage of fibrosis are presented

in Table 2.
In the intact group, the formation of fibrosis foci (stage
FL0) was not detected. In all cases, only single peripheral short
linear fibers of type I collagen were observed in the subepithe-

lial zone of the central bronchi and peripheral bronchioles, as
well as in the wall of large vessels. Type III collagen was



Table 2 Histomorphometric characteristics of the stage of

fibrosis.

Indicator Intact

animals

(n = 4)

Control

(n = 4)

Compound 4

(n = 4)

FL0 (n/%) 4/100 – –

FL1 (n/%) – – 1/25

FL2 (n/%) – 1/25 1/25

FL3 (n/%) – 2/50 2/50

FL4 (n/%) – 1/25 –

M ± SD

(collagen type

III/collagen type I)

– 40.4 ± 11/

50.4 ± 15

69.4 ± 16/

31.6 ± 9

6 Z. Shulgau et al.
represented by thin filamentous structures distributed in the
alveoli and respiratory bronchioles.

In the control group, the histological pattern of fibrous tis-
sue was characterized by the relative predominance of mature
type I collagen in the foci of lung tissue fibrosis in 75% of

cases. In 2 cases (50%) the fibrosis pattern corresponded to
the FL3 stage, in one case (25%) FL4. The focal nature of
the distribution of mature type I collagen among the diffuse

pattern of immature resorbable collagen fibers (stage FL2)
was detected only in 1 case (25%). There were no cases with
the stage of fibrosis with a minimum amount of FL1 and the
absence of FL0 of mature stable type I collagen in the control

group.
In the group with compound 4, the pattern of fibrous tissue

corresponded to FL1 in 25% of cases. The stage of fibrous tis-

sue with a moderate predominance of reticulin FL2 was
observed in 25% of cases. Stage FL3 with a moderate predom-
inance of mature collagen fibers was detected in group 4 in

50% of cases. Cases with a pronounced predominance (stage
FL4) of mature collagen were not detected, in contrast to the
control group.

2.2.2.3. Comparative histomorphometric characteristics of the
inflammatory pattern and interstitial edema. The results of the
histomorphometric characteristics of the inflammatory pattern

and interstitial edema are presented in Table 3.
In the intact group, in all cases, the morphological pattern

was represented by thin interalveolar septa without signs of
Table 3 Histomorphometric characteristics of the inflammatory pa

Indicator In

(n

Edema* 0

Polymorphonuclear leukocytes** 0

Plasma cells** 0

Multinucleated giant cells*** 0

Macrophages with cytoplasmic inclusions (foam cells)*** 0

* % of vessels with edema in the perivascular space.
** per 1000 of all cells in the entire area of the histological section.

*** average number of cells per 10 fields of view x200.
interstitial edema or inflammatory infiltration by immune cells.
In the intact group (sham-operated animals), in all cases, the
morphological pattern was represented by thin interalveolar

septa without signs of interstitial edema or inflammatory infil-
tration by immune cells.

In the control group, chronic active inflammation was

detected in 100% of cases, of which: 1) infiltration with poly-
morphonuclear leukocytes: diffuse in 100% of cases (mean
value 323.8 cells); (2) plasma cell infiltration, macrofocal and

diffuse (75% and 25% of cases, respectively), mean 219.8 cells.
There were no cases with mild infiltration by immunoinflam-
matory cells. The average number of multinucleated giant cells
was 27.3 cells. There were single macrophages with cytoplas-

mic inclusions (mean number 3.8 cells). In the control group,
in all cases (100%), there was an acute interstitial injury with
diffuse perivascular edema involving 84.5% of the vessels

(Fig. 3).
In the group with compound 4, no active chronic inflamma-

tory process was detected in all cases. Moderate chronic non-

specific inflammation with moderate plasmacytic infiltration
was observed in 100% of cases (average granulocyte count
28.5 plasma cells � 150.3). Giant multinucleated cells averaged

0.8 cells, were single or absent (75% and 25% of cases, respec-
tively). Macrophages with cytoplasmic inclusions (foam cells)
were observed in large numbers (mean number 28.8) in
100% of cases. There was a histomorphometric picture of

moderate edema (21.8% of vessels).

2.2.3. Results of the study of hemorheological activity of

compound 4 in experimental pulmonary fibrosis in rats

To date, there is evidence that bleomycin, in the process of
modeling pulmonary fibrosis, in addition to damaging alveolar
epithelial cells, can change hemorheological parameters. Thus,

it is known that bleomycin can interact with the vascular
endothelium, which leads to endothelial-mediated inflamma-
tion and increased adhesion of neutrophils (Williamson

et al., 2016). Dygai AM et al (Dygai et al., 2011) found that
the development of diffuse pulmonary fibrosis with intratra-
cheal administration of bleomycin was accompanied by hyper-

plasia of bone marrow hematopoiesis and leukocytosis in
peripheral blood. Later (Rathinasabapathy et al., 2018), it
was found that, in parallel with the initiation of pulmonary
fibrosis in the peripheral circulation, bleomycin slightly

increases the number of leukocytes and significantly increases
the number of platelets. These facts are the basis for the
ttern and interstitial edema.

tact animals

= 4)

Control

(n = 4)

Compound 4

(n = 4)

84,5 ± 5,8 21,8 ± 6,4

323,8 ± 12,6 28,5 ± 14,5

219,8 ± 143,4 150,3 ± 48,0

27,3 ± 6,6 0,8 ± 0,5

3,8 ± 1,7 28,8 ± 9,3



Table 4 Effect of 4 on blood viscosity (mPa*s) at different spindle speeds in animals with experimental pulmonary fibrosis induced by

intratracheal administration of bleomycin.

Study group Blood viscosity (mPa*s) at various spindle speeds, revolutions per minute

2 4 6 8 12 20 40 60

Intact animals,

n = 4

6.40 ± 0.11 4.61 ± 0.15 3.90 ± 0.11 3.52 ± 0.08 3.04 ± 0.08 2.62 ± 0.06 2.29 ± 0.10 2.25 ± 0.10

Control, n = 4 7.70 ± 0.46

p1 = 0.0499

6.13 ± 0.33

p1 = 0.0081

5.41 ± 0.16

p1 = 0.0003

4.59 ± 0.04

p1 = 0.00001

3.84 ± 0.23

p1 = 0.0236

3.05 ± 0.17

p1 = 0.0763

2.44 ± 0.06

p1 = 0.2959

2.26 ± 0.06

p1 = 0.9798

4, n = 4 4.78 ± 0.44

p1 = 0.0036

p2 = 0.0155

4.07 ± 0.12

p1 = 0.0447

p2 = 0.0108

3.72 ± 0.15

p1 = 0.3536

p2 = 0.0019

3.45 ± 0.08

p1 = 0.5797

p2 = 0.0001

2.97 ± 0.11

p1 = 0.6082

p2 = 0.0640

2.48 ± 0.11

p1 = 0.2618

p2 = 0.0926

2.33 ± 0.09

p1 = 0.8063

p2 = 0.4113

2.30 ± 0.09

p1 = 0.7519

p2 = 0.7260

Note:

n is the number of samples in a group; p is the significance level;

p1 < 0.05 - statistically significant differences compared to the corresponding values in intact animals;

p2 < 0.05 - statistically significant differences compared to the corresponding values in control animals.

Fig. 3 Microphotographs of the lungs of rats a - Intact animals. The morphological pattern is represented by thin interalveolar septa

without signs of edema or inflammatory infiltration (hematoxylin and eosin stain, � 40); b - Intact animals. Morphological pattern of

single peripheral fibers of mature non-resorbable collagen I in the respiratory compartment and the wall of large vessels (Masson’s

trichrome stain, � 40); c – Intact animals. Histological pattern characterized by uniform formation of immature resorbable collagen III

fibers (Gomory silver stain, � 40); d – Control (untreated). Inflammatory pattern with diffuse infiltration (score 3, severe inflammation) of

polymorphonuclear leukocytes (black arrow) and plasma cells (hematoxylin and eosin stain, � 40); e - Control. Morphological pattern of

pulmonary fibrosis (>30% of the area, stage III, severe) with the formation of mature non-resorbable type I collagen (black arrows) and

diffuse impairment of lung histoarchitectonics (Masson’s trichrome stain, � 40); f - Control. Morphological pattern of diffuse formation

of immature resorbable type III collagen fibers (immature collagen, reticulin) (Gomory silver stain, � 40); g � 4. Morphological pattern of

mild chronic nonspecific inflammation with accumulation of macrophages (hematoxylin and eosin stain, � 40); h � 4. Histological pattern

characterized by focal formation of mature non-resorbable type I collagen fibers (Masson’s trichrome stain, � 40); j � 4. Morphological

pattern of diffuse formation of immature resorbable type III collagen fibers (silver staining according to Gomory, � 40).
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assumption of a probable change in hemorheological proper-
ties when modeling pulmonary fibrosis using bleomycin.

The results of the study of the rheological properties of the
blood of animals with experimental pulmonary fibrosis
induced by intratracheal administration of bleomycin are pre-
sented in Table 4 and Fig. 4. It can be seen from the presented

data that experimental pulmonary fibrosis induced by bleomy-
cin leads to the formation of a syndrome of increased blood



Fig. 4 Effect of 4 on blood viscosity (mPa*s) at different spindle speeds in animals with experimental pulmonary fibrosis induced by

intratracheal administration of bleomycin.

Table 5 The level of viability of neonatal human dermal

fibroblasts (in % to control) under in vitro conditions under the

influence of compound 4 in the MTT test.

Sample concentration, mg/ml cells in nutrient medium Compound 4

1 94,9

0,5 92,9

0,25 116,6

0,125 105,6

0,0625 100,7

0,03125 110,3

Control 100,0
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viscosity. The use of compound 4 reduces the severity of blood
hyperviscosity to the parameters characteristic of intact

animals.

2.2.4. Studies of cytotoxic properties

For a possible assessment of the toxicity of the test com-

pounds, a cytotoxicity test (MTT-test) was carried out in a cul-
ture of human fibroblasts, which allows us to conclude that
there is no negative effect of the samples on human fibroblast

cells.
The Table 5 shows the average values of cell survival (in %

of control) for three measurements.

The table shows that compound 4 has a moderate dose-
dependent cytotoxicity against neonatal human dermal fibrob-
last cell culture, which manifests itself mainly at high concen-
trations. At the same time, in the concentration range from

0.03125 to 0.25 mg/ml of cells, compound 4 does not exhibit
cytotoxic effects. Since the physiologically achievable concen-
trations for most pharmacologically active compounds do

not exceed 10–5 g/ml (0.01 mg/ml), it can be argued that com-
pound 4 at physiological concentrations does not have cyto-
toxic properties in relation to the cell culture of neonatal

human dermal fibroblasts.
3. Discussion

It has been established that 4 improves the pattern of lung tis-

sue due to antifibrotic and anti-inflammatory effects. In groups
using 4, the degree of pneumofibrosis is significantly less than
in the control group (p < 0.05), fibrosis is located focally, with
a predominance of immature resorbable collagen fibers (colla-

gen type III, reticulin) (Fig. 2-h,j), in contrast to the control
group, where diffuse formation of fibrotic structures was noted
with a predominance of mature non-resorbable type I collagen

(Fig. 2-e,f). Also in group 4, the semi-quantitative assessment
of granulocytic infiltration and plasma cells was less than in
the control group (p < 0.05), where large-focal and diffuse

inflammatory infiltration was observed, consistent with active
chronic inflammation (Fig. 2-d).

In group 4, among the areas of immature fibrous tissue,

there were more than in the control group the number of active
macrophages with intracytoplasmic inclusions (Fig. 3,g)
according to the cytological pattern characteristic of foam cells
with high autophagy function and a smaller number of multi-

nucleated giant cells (p < 0.05). We believe that the use of 4
improves macrophage activity, which improves the locore-
gional microenvironment of the connective tissue matrix due

to the resorption of damaged tissue fragments and antigens
with a pro-inflammatory effect. It is possible that the antifi-
brotic effect of 4 is associated with the formation of a favor-

able regional microenvironment with high autophagy activity.
It was revealed that the formed fibrous tissue has different

structural patterns with qualitative and semi-quantitative dif-
ferences in the ratio of type I and type III collagen. In the con-

trol group, fibrous tissue was predominantly formed by type I
collagen, in contrast to group 4, where immature resorbable
type III collagen predominated. Perhaps the use of 4 indirectly

reduces the relative amount of fibrous tissue by preventing or
inhibiting the transformation of reticulin into mature type I
collagen.
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In group 4, no histological picture of the locoregional
immunosuppressive phenomenon was revealed. In a previously
published work, it was shown that the use of immunosuppres-

sive drugs is accompanied by active biosynthesis of immature
collagen (reticulin (collagen type III)) with a relatively reduced
amount of mature collagen (Paul et al., 2014). However, in our

work it was found that in the group using 4 there was a
decrease in the total amount of fibrous tissue, consisting of
both immature and mature collagen. In group 4, on the one

hand, there is a statistically significant decrease in active pro-
inflammatory immune cells, on the other hand, an increase
in active phagocytic macrophages, in contrast to the control
group. We believe that 4 has a locoregional immunomodula-

tory effect with the formation of a favorable immunological
microenvironment with an antifibrotic effect.

It can be seen from the obtained results that blood viscosity

in experimental pulmonary fibrosis induced by bleomycin
increases, and blood viscosity increases mainly at medium
and low spindle speeds (from 2 to 12 revolutions per minute

p < 0.05 in comparison with intact animals), at high spindle
speeds, blood viscosity does not differ from the corresponding
parameters in intact animals (from 20 to 60 revolutions per

minute p > 0.05 05 in comparison with intact animals). An
increase in blood viscosity is formed as a result of unidirec-
tional shifts in rheological parameters: an increase in hemat-
ocrit, plasma viscosity, an increase in erythrocyte

aggregation and a decrease in their deformability. It is known
that blood viscosity at low speeds depends mainly on erythro-
cyte aggregation, while at high speeds it is determined mainly

due to the deformability of erythrocytes (Plotnikov et al.,
2011). From the data obtained, it can be assumed that under
conditions of experimental pulmonary fibrosis induced by

bleomycin, blood hyperviscosity is mainly due to increased
erythrocyte aggregation. Compound 4 prevents an increase
in blood viscosity at low shear rates both under conditions

of blood hyperviscosity in vitro (from 2 to 20 revolutions per
minute p < 0.05 compared to control samples) and under
in vivo conditions with experimental pulmonary fibrosis
induced by bleomycin (from 2 to 12 revolutions per minute

p < 0.05 compared to control animals).

4. Materials and methods

4.1. Synthesis of compounds

1H and 13C NMR spectra were recorded on a Bruker DRX400
(400 and 100 MHz, respectively), Bruker AVANCE 500 (500
and 125 MHz, respectively) and Magritek spinsolve 80 carbon

ultra (81 and 20 MHz, respectively) instruments using CDCl3
and DMSO d6 the internal standard was TMS or residual sol-
vent signals (2.49 and 39.9 ppm for 1H and 13C nuclei in

DMSO d6; 7.26 and 77.0 ppm for 1H and 13C nuclei in CDCl3).
Chromato-mass spectrometric studies were carried out on a
Trace GC Ultra chromatograph with a DSQ II mass-
selective detector in the electron ionization mode (70 eV) on

a Thermo TR-5 MS quartz capillary column, 15 m long,
0.25 mm inner diameter, with a film thickness of the stationary
phase of 0.25 lm. Splitless input mode was used. Carrier gas

discharge 20 ml/min. The velocity of the carrier gas (helium)
is 1 ml/min. Evaporator temperature 200 �C, transition cham-
ber temperature 200 �C, ion source temperature 200 �C. The
temperature of the column thermostat was changed according
to the program: from 15 (5 min delay) to 220 �C at a rate of
20 �C per minute, to 290� at a rate of 15� per minute. The total

analysis time was 30 min. The volume of the injected sample is
1 ll. Chromatograms were recorded in TIC mode. The range
of mass scanning is 30–450 amu.

Melting points were determined using a Stuart SMP10 hot
bench. Monitoring of the reaction course and the purity of the
products was carried out by TLC on Sorbfil plates and visual-

ized using iodine vapor or UV light.
1-(2,4,6-trimethylpyridin-3-yl)ethan-1-one 3 was synthe-

sized according to published procedures (Dornow and
Machens, 1947). A mixture of acetylacetone (50 g, 0.5 mol)

and ammonium acetate (38.5 g, 0.5 mol) was heated at 80 �C
on a water bath for 40 h. the reaction mixture was neutralized
with Na2CO3 and extracted with benzene (3 � 20 ml). The

combined organic layers were dried over anhydrous Na2SO4

and then evaporated in vacuum. The resulting liquid was dis-
tilled at reduced pressure (bp. 159–160 �C / 30 mmHg). The

output was a slightly yellowish liquid (yield: 25 g (31%)). 1H
NMR (400 MHz, CDCl3) d ppm 2.62 s (3H, –COCH3),
2.84 s (3H, 6-CH3), 2.88 (s, 3H, 2-CH3), 2.91 (s, 3H, 4-CH3),

7.26 (s, 1H, H-5). 13C NMR (101 MHz, CDCl3) d ppm 18.1,
21.8, 23.5, 31.5, 121.7, 134.5, 142.0, 151.0, 157.1, 205.7. MS
(EI) m/z (Irel, %): [M]+ 162.99 (43), 147.98 (100), 119.98
(56), 76.96 (16). Anal. calcd for C10H13NO: C, 73.70; H,

8.21; N, 8.43; found: C, 73.59; H, 8.03; N, 8.58.
1-(2,4,6-trimethylpyridin-3-yl)ethan-1-ol 4. To a solution of

3-acetyl-2,4,6-trimethylpyridine 3 (2.0 g, 12.0 mmol) in 8 ml of

EtOH-water (5:3) was added with stirring in portions NaBH4

(0.9 g, 24.0 mmol). Stirring was maintained for 2 h after
NaBH4 was all added, then water (50 ml) was added, and

the mixture extracted with EtOAc (3 � 20 ml). The combined
organic layers were washed with saturated NaCl solution and
dried over anhydrous Na2SO4. The solvent was evaporated

under reduced pressure, and the residue was purified by recrys-
tallization from hexane. Yield: 1.8 g (90%), white crystals, mp
94–95 �C. Solubility in water: 10 mg in 0.5 ml of H2O (pH= 7,
at 20 �C). 1H NMR (500 MHz, CDCl3) d ppm 1.48 (d,

J = 6.8 Hz, 3H, –CHCH3), 2.38 (2 s, 6H, 4-CH3, 6-CH3),
2.48 (s, 3H, 2-CH3), 5.28 (q, J = 6.7 Hz, 1H, –CH), 6.73 (s,
1H, H-5). 13C NMR (126 MHz, CDCl3) d ppm 20.1, 21.8,

23.2, 23.7, 66.3, 124.3, 133.6, 145.7, 154.9, 155.5. MS (EI) m/
z (Irel, %): [M]+ 165.00 (20), 150.04 (100), 122.11 (44). Anal.
calcd for C10H15NO: C, 72.53; H, 9.37; N, 8.65; found: C,

72.69; H, 9.15; N, 8.48.
(E,Z)-1-(2,4,6-trimethylpyridin-3-yl)ethan-1-one oxime 5. A

solution of 3-acetyl-2,4,6-trimethylpyridine 3 (1.0 g, 6.0 mmol),
NH2OH*HCl (1.2 g, 18.0 mmol) and NaOH (0.7 g, 18.0 mmol)

in 50% aqueous solution of EtOH (10 ml) was refluxed for
10 h. At the end of the reaction (GC–MS control), the mixture
was poured into water and extracted with EtOAc (3 � 10 ml).

The combined organic layers were washed with saturated NaCl
solution and dried over anhydrous Na2SO4. The solvent was
evaporated under reduced pressure, and the residue was puri-

fied by recrystallization from a mixture of hexane: methylene
chloride (2:1). Yield: 0.8 g (76%), white crystals, mp 163–
165 �C. 1H NMR (500 MHz, DMSO d6) d ppm 1.99 s (1.2H,

6-CH3 (Z)), 2.00 s (1.8H, 6-CH3 (E)), 2.06 s (1.2H, 2-CH3

(Z)), 2.10 s (1.8H, 2-CH3 (E)), 2.23 s (1.2H, 4-CH3 (Z)),
2.27 s (1.8H, 4-CH3 (E)), 2.35 s (1.2H, N = C-CH3 (Z)),
2.36 s (1.8H, N = C-CH3 (E)), 6.91 s (0.4H, H-4 (Z)), 6.94 s
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(0.6H, H-4 (E)), 10.55 s (0.4H, =N-OH (Z)), 11.07 s (0.6H,
=N-OH (E)). 13C NMR (126 MHz, DMSO d6) d ppm 15.4
(N = C-CH3 (E-), 18.4 (4-CH3 (Z)), 18.6 (4-CH3 (E)), 20.0

(N = C-CH3 (Z-)), 21.8 (2-CH3 (Z)), 22.2 (2-CH3 (E-)), 23.5
(6-CH3 (Z-)), 23.6 (6-CH3 (E-)), 121.5 (C-5 (Z-)), 121.9 (C-5
(E-)), 128.9 (C-3 (Z-)), 130.4 (C-5 (E-)), 143.4 (C-4 (Z-)),

145.1 (C-4 (E-)), 152.0 (N = C (Z-), 152.3 (C-6 (Z-)), 153.2
(N = C-CH3 (E-)), 154.4 (C-6 (E-)), 156.0 (C-2 (Z-)), 156.1
(C-2 (E-)). MS (EI) m/z (Irel, %): [M]+ 163.07 (100), 161.11

(59), 146.09 (32), 120.07 (31), 80.27 (27), 77.03 (39). Anal. calcd
for C10H14N2O: C, 67.57; H, 7.73; N, 15.60; found: C, 67.39;
H, 7.92; N, 15.72.

3-acetyl-2,4,6-trimethylpyridine 1-oxide 6. To a solution of

1.6 g (10.0 mmol) of 3-acetyl-2,4,6-trimethylpyridine 3 in
AcOH (5 ml) was added 5 ml (50.0 mmol) of 30% aqueous
solution of H2O2. The reaction mixture was refluxed for 5 h.

At the end of the reaction (GC–MS control), the mixture
was poured into water, neutralized with NaHCO3 (to pH 6–
7) and extracted with EtOAc (3 � 20 ml). The combined

organic layers were washed with saturated NaCl solution
and dried over anhydrous Na2SO4. Concentrating in vacuum
gave product as a yellow oily substance. Yield: 1.2 g (70%).
1H NMR (500 MHz, CDCl3) d ppm 2.20 (s, 3H, –COCH3),
2.43 (s, 3H, 4-CH3), 2.47 (s, 3H, 6-CH3), 2.50 (s, 3H, 2-
CH3), 7.03 (s, 1H, H-5). 13C NMR (20 MHz, CDCl3) d ppm
15.5, 18.2, 20.9, 31.9, 125.8, 133.2, 137.8, 144.6, 149.2, 202.1.

MS (EI) m/z (Irel, %): [M]+ 178.96 (29), 161.98 (100),
134.03 (18). Anal. calcd for C10H13NO2: C, 67.19; H, 7.15;
N, 7.71; found: C, 67.02; H, 7.31; N, 7.82.

3-acetyl-2,4,6-trimethylpyridin-1-ium chloride 7 was
obtained by treating at room temperature 3-acetyl-2,4,6-
trimethylpyridine 3 (0.50 g, 3.05 mmol) with conc. HCl solu-

tion (5 ml). The reaction mixture was stirring at room temper-
ature for 2 h. After evaporation of water under vacuum,
hydroscopic colorless crystals were obtained. Yield: 0.6 g

(90%). 1H NMR (80 MHz, D2O) d ppm. 2.47 (s, 3H, –
COCH3), 2.61 (s, 3H, 4-CH3), 2.67 (s, 3H, 6-CH3), 2.69 (s,
3H, 2-CH3), 7.59 (s, 1H, H-5). 13C NMR (20 MHz, D2O) d
ppm 17.1, 18.6, 19.5, 31.5, 127.0, 137.1, 147.9, 153.0, 155.2,

206.2. Anal. calcd for C10H14NOCl: C, 73.14; H, 8.59; N,
8.53; found: C, 73.01; H, 8.76; N, 8.40.

4.2. Study of hemorheological effects on the model of blood
hyperviscosity in vitro

Hyperviscosity syndrome (HBIS) was reproduced in vitro by

blood incubation at 43.0 �C for 60 min. Blood viscosity was
measured on a Brookfield DV2T rotational viscometer at var-
ious spindle speeds (from 2 to 60 rpm). Studies of the hemorhe-
ological activity of 5 samples were carried out on 15 Wistar

female rats, 12 weeks old, weighing 220–240 g. After blood
sampling, the initial blood viscosity was determined in labora-
tory animals, and then blood samples were incubated with the

test substances at a temperature of 43.0 �C for 60 min and then
measured the parameters under study. The blood was incu-
bated with the test objects dissolved in DMSO; the final con-

centration of the compounds was 10–5 g/mL of blood.
Blood samples to which DMSO solvent was added in an equiv-
olume amount served as controls. As a reference drug, a sub-

stance with known hemorheological properties, pentoxifylline,
was used at a concentration of 10–5 g/mL of blood (Plotnikov
et al., 2017). Blood incubation for 1 h under these conditions
was accompanied by the formation of blood hyperviscosity
(Plotnikov et al., 1996). The initial blood viscosity from each

animal was measured once; the blood viscosity after incuba-
tion was measured in two samples from each animal, both in
control and experimental samples.

4.3. Fibrosis. Study design

The study of the antifibrotic effect of compound 4 was carried

out on 12 Wistar male rats, 12 weeks old, weighing 280–320 g.
Rats were randomly assigned to one of 3 groups, 4 animsls in
each group. Experimental fibrosis in rats was induced by intra-

tracheal administration of bleomycin (Bleomycin sulfate, Bri-
tish Pharmacopoeia (BP) Reference Standard; BP971) at a
dose of 5 mg/kg of rat body weight, once (Moore et al., 2013).

Group I (sham-operated animals) received 250 ml of sterile
saline intratracheally once (manipulation control) by analogy
with bleomycin. Animals of this group received drinking water
intragastrically daily in a volume of 1.0 ml/rat, (manipulation

control), starting 1 week after i.t. administration of sterile sal-
ine for 2 weeks (14 days).

Group II (control) received bleomycin at a dose of 5 mg/kg

of rat body weight in 250 ml of sterile saline solution intratra-
cheally once. Animals of this group received drinking water
intragastrically daily in a volume of 1.0 ml/rat, (placebo), start-
ing 1 week after i.t. administration of sterile saline for 2 weeks

(14 days).
Group III (4) received bleomycin at a dose of 5 mg/kg of rat

body weight in 250 ml of sterile saline intratracheally once.

Animals of this group received compound 4 intragastrically
daily at a dose of 50 mg/kg rat body weight, starting 1 week
after i.t. administration of bleomycin for 2 weeks (14 days).

Euthanasia of laboratory animals was carried out 21 days
after i.t. administration of bleomycin. Blood was taken from
euthanized animals for hemorheological studies and lung tis-

sue for histopathological studies. Blood viscosity was mea-
sured on a Brookfield DV2T rotational viscometer at various
spindle speeds (from 2 to 60 rpm).
4.4. Histopathological studies

After the animals were removed from the experiment, lung tis-
sue cutting (determination of the optimal localization, sample

size, cut direction, and number of cuts) was carried out in
accordance with (Kittel et al., 2004).

Histological sections (3 mm), including the main bronchi of

each lobe, were stained with (1) hematoxylin and eosin for his-
tomorphometric characterization of the general morphological
pattern of the lungs, inflammatory pattern and interstitial

edema, (2) Masson’s trichrome to demonstrate fibrosis, identi-
fication of collagen fibers and newly synthesized collagen (3)
by Gomory silvering to detect reticulin fibers.

Hematoxylin and eosin staining was used to determine the

overall morphological pattern of the lungs, the inflammatory
pattern, and interstitial edema. After fixation in 10% formalin,
the material was treated with chemical reagents (isopropyl

alcohol, xylene, paraffin medium) in a tissue processor accord-
ing to an established protocol. After orientation of the mate-
rial in histological cassettes, the material was embedded in
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paraffin to form a block for histological cutting of the
material.

For histological assessment of pulmonary fibrosis, Mas-

son’s trichrome stain was used to detect an increased amount
of collagen (Titford, 2009).

For the histological evaluation of reticulin fibers, Gomory

silvering was used in accordance with the protocol
(Reticulum Stain Kit, 2018). When stained with silver, reticulin
fibers appear as thin, dark fibrils, and abnormalities in the reti-

culin structure that occur in pulmonary fibrosis can be detected
(Kittel et al., 2004).

4.5. Histomorphometric assessment of the degree of fibrosis of
the lung tissue

We assessed the degree of fibrotic lesion of the lungs as the
total area of single or overlapping lesions in % of the area

of the histological section of the lung. The degree of damage
was determined by the maximum picture of damage obtained
by histological examination of lung tissue. All results were

grouped into 3 grades depending on the total volume of the
lesion. The entire surface of each section of the lung was exam-
ined at 10x and 20x eyepiece magnification.

Grade 0 (none) was defined as the absence of damage (pul-
monary fibrosis) in<1%. Grade I (mild) was defined as dam-
age (pulmonary fibrosis) of<10%. Grade II (moderate) was
defined as a focal lesion (pulmonary fibrosis) occupying<30%

of lung tissue on histological examination. Grade III (severe)
was defined as diffuse damage (pulmonary fibrosis) occupying
more than 30% of the lung tissue on histological examination.

4.6. Histomorphometric assessment of the stage of lung tissue

fibrosis

Fibrosis stage - a pattern of fibrous tissue, which is a different
quantitative combination of type I and III collagen, which has
a relative staging change in the temporal-spatial relationship,

that is, the pattern of fibrous tissue in our study is equivalent
to the stage of lung tissue fibrosis.

The stage of damage was assessed in relation to the total
degree of the relative ratio of type I collagen and reticulin (type

III collagen, immature collagen) to the area of lesions: FL0,
the absence of foci of pulmonary fibrosis; FL1 - reticulin more
than 80%, type I collagen less than 20%; FL2 - reticulin more

than 50%, type I collagen more than 50%; FL3 – reticulin less
than 50%, type I collagen more than 50%; FL4 – reticulin less
than 20%, type I collagen more than 80%.

4.7. Histomorphometric evaluation of acute interstitial injury

(edema) and active inflammatory pattern

Morphometric analysis was carried out by two independent
researchers without information about the animal’s belonging
to the group and intervention. Edema was assessed in the
perivascular and peribronchial space per 100 vessels.

Quantitative determination of plasma cells and granulo-
cytes (cells of active inflammation) was carried out over the
entire area of the cut. The calculation was carried out for

1000 of all cells: less than 1% - no active inflammation; less
than 10% of cells - microfocal infiltration, mild inflammation;
less than 30% of cells - macrofocal, moderate degree of inflam-
mation; more than 30% of cells - diffuse, pronounced
inflammation.

Giant multinucleated cells and active macrophages with

intracytoplasmic inclusions (foam cells) were counted per 10
fields of view x200.

4.8. Cell viability assays

The cytoprotective properties of the compound 4 were evalu-
ated in the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte

trazolium bromide) test on the neonatal human dermal fibrob-
lasts cell line (Gibco). Compound 4 was studied at concentra-
tions from 0.03125 to 1 mg/ml of cells in nutrient medium.

Compound 4 was dissolved in 10% DMSO. 10 ll of the dis-
solved substance was added to 100 ll of the nutrient medium
with neonatal human dermal fibroblasts. Cells in nutrient med-
ium with the addition of 10% DMSO served as controls. After

cells were incubated for 24 h with compound 4, viability was
determined in the MTT test using the MTT Cell Proliferation
Assay Kit (BioVision) according to the manufacturer’s

instructions.

4.9. Ethical considerations

All research work with laboratory animals was performed in
accordance with generally accepted ethical standards for the
treatment of animals, based on standard operating procedures
that comply with the rules adopted by the European Conven-

tion for the Protection of Vertebrate Animals used for
Research and other Scientific Purposes (Strasbourg, France,
1986). The study protocol of the project ‘‘Search among bio-

and synthetic antioxidants for new biologically active sub-
stances capable of inhibiting the development of pulmonary
fibrosis” was approved on September 8, 2020 (Protocol No.

4) by the Local Ethics Commission of the Republican State
Enterprise ‘‘National Center for Biotechnology”
(IRB00013497 National Center of Biotechnology IRB #1).

4.10. Data evaluation

Statistical processing of histomorphometric data was carried
out using a spreadsheet Microsoft Excel (from the Microsoft

Office 2010 package) and the software package for statistical
analysis IBM SPSS Statistics 20.0. The Mann-Whitney test
and v-square were used for pairwise comparison between the

two groups. The Kruskal-Wallis test was used to compare sev-
eral groups. Differences were considered significant if
p < 0.05.

Statistical processing of the hemorheological data was car-
ried out using the Microsoft Excel program. The results
obtained are presented as mean ± standard error of the mean.
5. Conclusions

Thus, based on laboratory-available 3-acetyl-2,4,6-trimethylpyridine 3,

we carried out chemical modifications at the acetyl group to obtain the

appropriate 1-(2,4,6-trimethylpyridin-3-yl)ethan-1-ol 4, (E,Z)-1-(2,4,6-

trimethylpyridin-3-yl)ethan-1-one oxime 5, N-oxide 6 and hydrochlo-

ride 7. It’s can be a possible direction of synthesis for obtaining new

structural derivatives of collidine and establishing the ‘‘structure-acti

vity” relationship.
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The biological screening of the synthesized compounds for

hemorheological activity under conditions of blood hyperviscosity

in vitro showed that pronounced hemorheological activity was estab-

lished for all three compounds (3, 4, and 5).

After primary screening studies for hemorheological activity, for

several objective reasons, we chose compound 4 as a promising object

for in vivo studies.

Next, we studied the antifibrotic activity of compound 4 in an

experimental model of pulmonary fibrosis in rats induced by intratra-

cheal administration of bleomycin. The introduction of bleomycin led

to a violation of the histoarchitectonics of the respiratory sections with

excessive deposition of extracellular connective tissue matrix (type I

and III collagen).

Compound 4 used in the experiment has a unidirectional anti-

inflammatory and antifibrotic effect, improving the locoregional his-

toarchitectonics of lung tissue. The antifibrotic potential may be due,

on the one hand, to the normalization of the immunological locore-

gional microenvironment in the lung tissue and, on the other hand,

inhibition of the excessive activity of collagen biosynthesis, inhibition

of the maturation of collagen connective tissue fibers and activation

of the phagocytic function with resorption of cellular tissue debris.

With experimental pulmonary fibrosis induced by bleomycin, a

syndrome of blood hyperviscosity is formed. Compound 4 prevents

an increase in blood viscosity both in the in vitro model of blood

hyperviscosity and in vivo in experimental pulmonary fibrosis induced

by bleomycin. Compound 4 at physiological concentrations does not

have cytotoxic properties in relation to cell culture of neonatal human

dermal fibroblasts.

Thus, we have shown that pyridine derivatives, quite simple in syn-

thesis and not described in the literature, obtained in 2 stages from

available reagents, can be of great interest for solving important prob-

lems of medicinal chemistry and pharmacology. The search for new

effective antithrombotic agents is especially relevant in the light of

post-COVID problems associated with side effects of residual pul-

monary fibrosis.
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