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The brain's nucleus accumbens (NAc) is a key link in the internal reinforcement system, which mediates
manifestations of various components of addiction, including ethanol. The neuroinflammatory theory of alcoholism
development suggests that changes in the molecular mechanisms of the innate immune system may be involved
in the development of this pathology. The aim of our study was to investigate the effect of azithromycin (AZM)
on expression of toll-like receptor system genes in the NAc during experimental alcoholization of rats. The objectives
of the study also included an in silico search for possible molecular targets for AZM that could be associated with
the toll-like receptor system. AZM corrected the changes observed in the expression of toll-like receptor system genes
under conditions of alcohol withdrawal after long-term ethanol exposure in the NAc of the brain. The in silico analysis
revealed the most probable proteins which could be involved in the interaction with AZM. Based on results of these
predictions a number of assumptions about possible ways of implementing the observed pharmacological effect of AZM

in the experiment have been made.
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INTRODUCTION

The nucleus accumbens (NAc) is considered
as of the key brain structures involved in the mechanisms
of addictive behavior formation [1-5]. Many studies
are aimed at investigating the biochemical and molecular
changes that may be involved in the implementation
of such mechanisms [1-5]. The special attention
is paid to the study of neurochemical features
of mediator systems in this region of the brain,
especially on dopaminergic neurotransmission [1-5].
One recent paper reports that experimental exposure
to ethanol significantly influenced dopamine levels:
low doses of ethanol administered intraperitoneally,
intravenously, orally, or directly into the NAc
increased dopamine levels in this brain structure;
chronic ethanol administration to rats caused minor
changes in the dopamine levels, while ethanol
withdrawal after chronic ethanol exposure decreased
the dopamine level [6].

Over the past few years, we have been
conducting research into the neuroinflammatory
theory of alcoholism [7, 8]. Accepting the importance
of studying and searching for changes in other
areas, we suggest that one of the important
components of the pathogenesis of alcoholism
is an increase in the activity of neuroglial interactions

in response to prolonged ethanol intake. This leads
to the development of neuroinflammation, which
could be the cause of neurodegeneration, the cell death
in the most vulnerable structures of the brain [7, 8].
Neuroimaging data provide good evidence that
pathomorphological changes develop in the brain
with chronic ethanol intake, but this does not affect
all brain structures equally [9]. Such changes
are observed in the NAc [9], but their exact
pathophysiological mechanisms have not yet been
determined. Changes in the functioning of the toll-like
receptor (TLR) system are considered one of the possible
events in the development of this pathological
condition [7, 8, 10].

The aim of this study was to model long-term
exposure to ethanol followed by its withdrawal
to investigate the expression of genes associated with
neuroinflammation, as well as to assess the effect
of azithromycin (AZM) on the state of these genes.
AZM acts as an effective neuroprotector in experiments
on modeling various pathological conditions
of the nervous system associated with the development
of neuroinflammation [11]. The exact molecular target
has not been determined yet, but the mechanism
of action is most likely realized by suppressing
increased microglial activity, which reduces
the manifestation of neuroinflammation and delays
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the neurodegeneration process [11]. The neuroprotective
properties of AZM have not been previously studied
in the model of long-term exposure to ethanol.

MATERIALS AND METHODS

Animals

Forty adult (three-months-old) male Wistar rats
(average body weight 250-300 g), purchased
from the Rappolovo nursery (Russia) were used
in the experiment. Before the experiment, the animals
were divided into groups of 8 animals in each group
(control group, long-term ethanol exposure group, and
three groups of ethanol withdrawal rats after long-term
ethanol exposure). The animals had free access
to standard rat food.

Modeling of Long-Term Exposure to Ethanol

Long-term exposure to ethanol was modeled
by intragastric administration of 20% ethanol
via a gastric tube at a dose of 4 g/kg of pure ethanol
from Monday to Friday for 4 weeks (20 administrations
in total). Control animals received equivalent volumes
of water according to the same scheme. All animals
had free access to water.

Injections of Pharmacological Agents

After the end of prolonged ethanol exposure,
the animals were treated for three days with intragastric
administration of AZM (40 mg/kg, 160 mg/kg;
Hemomycin, powder for preparation of oral suspension,
Hemofarm, Serbia). The rats of the control group
were given an equivalent volume of water.

Biomaterial Sampling

After the end of the experiment, the rats
were decapitated on the last day of prolonged
ethanol exposure and on day 7 of ethanol withdrawal,
and the selected brain structures were collected.
The NAc borders were defined according to the rat brain
atlas [12]. Brain samples were immediately frozen and
stored at -80°C.

RNA Isolation

Total RNA was isolated using the ExtractRNA
reagent (Eurogen, Russia) in full accordance with

Table 1. Sequences of primers used in this study

the manufacturer's instructions. The concentration
of the obtained RNA was measured using
an Implen NanoPhotometer P330 spectrophotometer
(Implen, Germany), the purity of the isolated product
was assessed by the A260/A280 ratio (normally >1.8).

RT-PCR

cDNA was synthesized by reverse transcription (RT)
in 20 pl of the reaction mixture using the MMLV RT kit
(Eurogen) in full accordance with the manufacturer's
instructions. Polymerase chain reaction (PCR) with
real-time detection was carried out in an Mx3005P
amplifier (Stratagene, USA) in 10 ul of the reaction
mixture containing SYBR Green (Eurogen) and
a mixture of specific forward and reverse primers
(Table 1) (Beagle, Russia). The relative level
of the mRNA content, calculated by the 2**“ method,
was normalized to the level of Gapdh gene expression.

Statistical Data Processing

Statistical processing of the obtained data
was carried out using the Graph Pad Prizm v.6 software.
The Mann-Whitney U test for independent samples
was used to compare groups. Differences were
considered statistically significant at p<0.05.
Since we did not plan to elucidate a dose-dependent
effect of the drug, two-factor analysis of variance
was not used.

In Silico Analysis

In order to search for potential molecular
targets for AZM, an in silico analysis was performed
using the Way2drug software [13]. Using this software
it is possible to determine the probability of interaction
of AZM with a particular potential molecular target
in the body.

RESULTS AND DISCUSSION

The Level of TLR4 System Gene Expression during
Long-Term Ethanol Exposure and its Withdrawal

We have analyzed expression of the following
genes of the TLR4 signaling pathway system:
Hmgbl, Tir4, 1115, Ccl2, Irf3. The relative level
of mRNA for all these genes demonstrated several-fold
increase in the NAc in the group of animals exposed

Primers
Gene

Forward (5'-3") Reversed (5'-3')
Tir4 ACTCTGATCATGGCATTGTT GTCTCAATTTCACACCTGGA
ngb] CTCTGATGCAGCTTATACGA AAAAGACTAGCTTCCCCTTG
Nfkbl ATACTGCTTTGACTCACTCC AGGTATGGGCCATCTGTT
I}fﬁ’ AATTCCTCCCCTGGCTC CATGGGATCCTGAACTTTGT
1ip TGTCTGACCCATGTGAGCTG TTTGGGATCCACACTCTCCAG
Ccl2 AAGATGATCCCAATGAGTCG TGGTGACAAATACTACAGCTT
Gapdh GCCAGCCTCGTCTCATA GTGGGTAGAGTCATACTGGA
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to long-term ethanol intake as compared to the group
of intact animals. The level of HMGB1 mRNA
increased by 4.0 times, TLR4 mRNA increased
by 2.2 times, ILIp mRNA increased by 4.1 times,
CCL2 mRNA increased by 3.9 times, and
IRF3 mRNA increased by 12.0 times. In the group
of ethanol withdrawal animals the relative levels
of HMGBI1, TLR4, and CCL2 mRNAs changed
insignificantly, while the levels of IRF3 and IL13 mRNAs
increased relative to the control (by 12.2 times
and 3.2 times, respectively). AZM administration
corrected the mRNA changes observed during
ethanol withdrawal. The use of AZM decreased
the levels of IRF3 and IL1 mRNAs. Despite the fact
that the expression of the Hmgbl, Tlr4, Ccl2 genes
was not changed during the period of ethanol
withdrawal, the AZM administration reduced
the expression of these genes below lower values
found in the group of intact animals.

Our data suggest that the development
of elements of neuroinflammation in the NAc
occurs due to prolonged ethanol intake. In the group
of animals with prolonged ethanol exposure
(see Figs. 1-2 “ethanol”), we found increased
expression of the genes encoding key proinflammatory
cytokines /71 8 and Cc/2. One of the mechanisms causing
the development of this condition may be an increase
in the activity of the TLR4-dependent signaling pathway,
which is responsible for regulating the expression
of proinflammatory cytokine genes [8, 10]. Activation
of these mechanisms during prolonged ethanol intake
in the cerebral cortex has been well demonstrated

5, Hmgb1 TLR4
*

Relative mRNA level, units.

O Intact
Ethanol

by Crews et al. [14-16]. However, the expression state
of these genes in the subcortical structures of the brain
has been insufficiently studied. In our work, we have
focused on one of the key structures responsible
for the manifestation of addictive behavior and
obtained information that the expression of the genes
of the TLR4-signaling pathway system could be affected
in this brain structure. It is possible that these
changes may also contribute to the pathogenesis
of alcohol dependence. In the present study, we assessed
the expression status of the TLR4 system genes
on day 7 after the withdrawal of long-term ethanol
exposure. We did not observe significant changes
in the expression of the 7/r4 and Hmgbl genes,
but an increased expression of the //1 8 gene was found.
It should be noted that in our earlier work, we already
reported the expression status of these genes in the NAc
on day 7 after the withdrawal of long-term ethanol
exposure [10]. However in that study, an increased
mRNA level was detected for the 7lr4 and Hmgb1 genes
after ethanol withdrawal. One explanation for these
differences consists in different ethanol exposure
protocols: in the previous study we administered
20% ethanol solution to rats at a dose 2 g/kg
for 2 months, whereas in the present study we used
the same dosages but for a shorter time period.
The literature data analysis shows that the use
of different protocols of ethanol exposure often
leads to contradictive results. This also complicates
comparison of results obtained by different research
groups employing different protocols of the long-term
ethanol exposure.

IRF3

NfkB1

1S

T

@ Ethanol + water
B Ethanol + AZM, 40 mg/kg
O Ethanol + AZM, 160 mg/kg

Figure 1. The level of the TLR4 system genes expression in the NAc. *p<0.05 as compared to the group of intact
animals, #p<0.05 as compared to the group “ethanol + water”.
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Figure 2. The level of the proinflammatory cytokine gene expression in the NAc. *p<0.05 as compared to the group
of intact animals, #p<0.05 as compared to the group “ethanol + water”.

The Effect of AZM on the TLR4 System
Gene Expression

According to the data obtained, AZM reduced
the mRNA level of neuroinflammation-related genes
in the NAc.

Previously, the ability of AZM to reduce
the neuroinflammation level was shown in several
studies in various pathological conditions. Spinal
cord injury modeling in mice is accompanied
by the increase in the level of proinflammatory
macrophages (M1 macrophages) at the site of injury,
which is one of the reasons aggravating the course
of regeneration. The use of AZM (160 mg/kg,
during three consecutive days) caused a decrease
in the level of M1 macrophages and accelerated
the process of tissue regeneration [17]. Another study
showed a decrease in the level of M1 macrophages
in a spinal cord injury model by administering AZM
at doses of 10 mg/kg, 40 mg/kg or 160 mg/kg
for 7 days; the lowest (10 mg/kg) and highest
(160 mg/kg) doses increased the expression
of marker genes of anti-inflammatory macrophages
(M2 macrophages) [18]. Administration of AZM
to mice after spinal cord injury (at 30 min, 3 h, and 24 h,
and then daily for 7 days) showed that the drug
was effective at 30 min and 3 h after injury,
but not at 24 h [19]. However, regardless of the time
of initial treatment, AZM did not reduce the development
of neuropathic pain or increase neuronal survival [19].
A single intraperitoneal administration of AZM
(150 mg/kg) to mice subjected to transient middle
cerebral artery occlusion reduced the level of cerebral
edema in the ischemic hemisphere [20]. A single
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administration of AZM (150 mg/kg) prevented retinal
ganglion cell death. This effect was accompanied
by a decrease in the activity of calpain, MMP-2/-9 and
the level of ERK1/2 phosphorylation [21]. In another
study, a single dose of AZM (150 mg/kg) after modeling
ischemia resulted in a decrease in ischemic brain damage
and an increase in STAT3 phosphorylation in astrocytes
and neurons of the peri-ischemic motor cortex and
central striatum [22]. However, the molecular targets
of the neuroprotective effects of AZM remain unclear.

In one recent study, lipopolysaccharide addition
(LPS; 2 pg/ml) to the culture of rat alveolar macrophage
cells NR8383 increased TLR4 protein expression,
but when cells were co-cultured with LPS (2 pg/ml) and
AZM (8 pg/ml), the level of TLR4 protein expression
did not differ significantly from the control group.
In this study AZM attenuated the overexpression
of NF-«xB (P65), EZH2, and H3K27me3 and
normalized the reduced level of the anti-inflammatory
cytokine IL-10. AZM also inhibited LPS-induced
nuclear translocation of NF-xB (P65) [23].

Taking into consideration the available data
on the contribution of increased TLR4 expression
and microglia activation into a proinflammatory
phenotype during long-term ethanol intake [8, 10],
we suggested that the use of AZM would be able
to make changes in these mechanisms. Our results
confirmed this suggestion. Treatment with AZM
had a positive impact on the expression of genes
encoding key proinflammatory cytokines /// 3 and Ccl2
(their expression increased in activated microglia).
In addition, we have found that AZM decreased
expression of both Tlr4 and also Hmgbl, which
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encodes an endogenous TLR4 agonist protein.
An increase in the content of the TLR4 mRNA and
the protein product is considered as one of the possible
prognostic ~ markers of the  development
of neuroinflammation in the nervous tissue after
long-term ethanol intake [7, 8]. AZM did not affect
Nfibl expression (P50), but reduced the expression
of the interferon transcription factor 3 gene (I7f3).
At the same time, certain evidence exists that
microglia with IRF3 overexpression upregulates
key anti-inflammatory cytokines (IL-1, IL-10,
and IFNP receptor antagonist) and suppresses
pro-inflammatory cytokines (IL-la, IL-1B, TNFa,
IL-6, IL-8, and CXCL1) [24]. Thus, it appears that
upregulation of neuroinflammation-related genes,
triggers a regulatory pathway that would restrain
excessive expression of pro-inflammatory cytokines.

It is possible that the increased level of /rf3 expression
observed in the experiment in the group of animals
with long-term exposure to alcohol and with alcohol
withdrawal on day 7 serves to restrain high expression
of pro-inflammatory cytokines. This speculation
requires further research.

In Silico Analysis

Based on the results of the in silico analysis,
among all the potential biomolecules characterized
by a high score probability (>0.8) of their interaction
with AZM we have selected molecular targets
that are related to the genes that we have investigated
in our experiments (Table 2). The in silico analysis
partially explains the pharmacological effects
of the drug we used.

Table 2. Results of in silico analysis of the interaction of AZM with molecular targets in the body and their localization

Target of interaction® p rz:ll)t:ll;?l::;o(r;))” Localization in NAc"
NUAK famillj %Iélllglz-!like Kinase 2 0.87 Predominantly expressed by microglial cells
NT-3 growth fi{(frgjr,ecep tor (TrkC) 0.86 Highly expressed by neurons and glial cells
Mitogen-activated ;\r/[(;?iflKkill;ase kinase kinase 1 0.84 Expressed by neurons and glial cells
Mitogen-activated ]i\r/[c:?eI;iKk?l;ase kinase kinase 3 0.84 Expressed by neurons and glial cells
Non-receptor tyros?rllili)lr’otein kinase TNK1 0.84 Expressed by neurons
Phosphorylase kinasl;kil;tflif’tic subunit gamma 1 0.83 Expressed by neurons and glial cells
Serine /threonir?el-l;)]ri)ltéin Kinase ICK 0.83 Highly expressed by neurons and glial cells
Serine /threonine&ﬁri?éh Kinase LATS2 0.82 Predominantly expressed by glial cells
Interleukin-1 reci;l){tﬁrlfs’sociate d kinase 3 0.81 Predominantly expressed by microglial cells
Cal\iili\r/lliiAaipha 0.81 Predominantly expressed by neurons
Serine /threoninlggrljtle’in kinase RIO1 0.81 Expressed by neurons and glial cells
Dual specificity mitogeri\-iﬁg\%'i:é protein kinase kinase 4 0.81 Expressed by neurons and glial cells
Serine/threonines—i)ljjt’ein kinase SIK2 0.81 Expressed by neurons and glial cells
Serine /threoninlgr())rl(fse,in kinase RIO3 0.80 Expressed by neurons and glial cells
AMP-activated prztlziﬁcﬁlla’se alpha-1 subunit 0.80 Expressed by neurons and glial cells
Serine /threonin:;iff’:in kinase PAK2 0.80 Expressed by neurons and glial cells
Mitogen-activated ;\;[()At;flKkisr;ase kinase kinase 5 0.80 Expressed by neurons and glial cells

The information source: a Way2drug [13]; b The Human Protein Atlas [33].
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In order to explain the effects of AZM
on the studied genes we have analyzed
existing literature data regarding the molecular
targets identified by the in silico method.
Among potential molecular targets the effects
we observed in the experiment could be explained
by the influence of AZM, primarily on NTF3
(neurotrophin receptor 3 or TrkC, NT-3 growth factor
receptor), IRAK3 (interleukin-1 receptor-associated
kinase 3), and PAK2 (serine/threonine-protein
kinase PAK?2).

The increase in MCP-1 (CCL2) and fractalin levels
is attributed to activation of the TrkC receptor
by the neurotrophic factor PDNF [25]. Intravenous
administration of PDNF  increased serum
MCP-1 and fractalin levels in Myd88 knockout mice
(deficient in TLR signaling) thus highlighting
the MyD8&8-independent action of PDNF [25].

There is evidence that the IRAK3-mediated

pathway suppresses proinflammatory signaling.
According to results of a recent study,
IRAK3 is expressed in macrophages as well

as in pancreatic acinar cells, where it inhibits
NF-kB activation [26]. Deletion of the [rak3 gene
increased monocytes migration into the pancreas
of mice and caused type 1 proinflammatory immune
response, characterized by a significant increase
in serum levels of TNFa, IL-6, and IL-12p70 [26].

Regarding the PAK2 kinase, certain evidence
exists that modeling a high-calorie diet in mice
with cardiac-specific deletion of PAK2 (Pak2%*°)
was accompanied by an increase in the mRNA levels
of proinflammatory cytokines 1/13, Crp, Mcpl, Ccl24,
and Hmgb1, while the mRNA levels of genes encoding
anti-inflammatory cytokines (//10, Mmp9, and Gdf15)
were reduced [27]. In another study, a decrease in PAK2
was associated with oxidative stress and activation
of apoptosis in N2a neuroblastoma cells under
hypoxia [28]. Taking into consideration our in silico
data on possible binding of AZM to PAK?2, this kinase
may be one of the targets mediating AZM effects.

Since TNKI1 protein expression is shown
predominantly in neurons, this makes it difficult
to assume that AZM may influence neuroinflammatory
pathways via the TNK1 protein. The same should be
noted for the CAMK2A protein, which is also
expressed predominantly by neurons in the brain.

Limited information currently exists
on the functional interaction of other target genes
(and corresponding protein products) used for in silico
evaluation of their putative interaction with AZM.
We can only speculate that MAP kinase cascades
of reactions are also involved in the signal transduction
from innate immunity receptors to innate immunity
genes [29], in particular, to pro- and anti-inflammatory
cytokines. In this context AZM, targeting
one of its possible targets among MAP kinases
(MAP3K1, MAP3K3, MAP2K4, MAP3KS5), can also
induce changes in these regulatory mechanisms.
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It should be also noted that our in silico
modeling did not reveal any possible interactions
between AZM and subunits of the NF-xB complex,
discussed in the literature [30-32]. This may be
due to the fact that the software we used has some
limitations and is not able to identify a larger number
of possible molecular targets, or the hypothesis
of an anti-inflammatory effect of AZM through NF-kB
itself requires more thorough experimental verification.

CONCLUSIONS

The results of this study have demonstrated
the effect of AZM (40 mg/kg, 160 mg/kg)
on the expression of TLR4-signaling system genes
(Hmgbl, Tir4, Irf3, 1115, Ccl2) on in the NAc of rats
on day 7 after the withdrawal of long-term
ethanol exposure. Being administered intragastrically,
both doses were effective during the first three days
after ethanol withdrawal. Our in silico analysis
revealed a number of proteins with a high probability
of interaction with AZM. Considering that some
of these proteins are expressed by nervous tissue cells
at a high level and are associated with mechanisms
regulating neuroinflammation signaling cascades,
we assume that these molecular targets are associated
with the observed effects of AZM in our experiment.
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U3YUEHHUE BO3JIENCTBUS ASUTPOMUIIMHA HA DKCIIPECCHIO TEHOB CUCTEMBI
TOLL-ITIOAOBHBIX PEHEIITOPOB B ITPUJIEXKAIIEM AJIPE 'OJIOBHOI'O MO3I'A KPBIC
P OTMEHE JIJIMTEJILHOI'O BO3JIEMCTBHS 3TAHOJIA U TIOMCK BO3MOXXHBIX
MOJIEKYJISPHBIX MUIIIEHEW METOOM IN SILICO

M.H. Aiipanemos™’*, C.0O. Epecko’, A.A. Hlykuna', H.M. Mameeeé’,
M.A. Auopees’, E.P. Boiukoé', A.A. Jleveoesd’, I1./]. Illabanos™’

'MHCTUTYT SKCIIEpUMEHTATBHON MEIUIINHEL,
197376, Cankr-IletepOypr, yia. Akamemuka I1aBnosa, 12; *351. moura: interleukinlb@gmail.com
*BoenHno-menunHckas akagemus umenun C.M. Kuposa,
194044, Cankr-IletepOypr, yn. Akagemuka Jlebenena, 67K

[Mpunexaree sixpo (NAC) TOTOBHOTO MO3Ta — KITIOYE€BOE 3B€HO B CHCTEME BHYTPEHHETO OAKPETIICHNUS, KOTOPOe
OTIOCPEYET MPOSIBICHUE Pa3JIMYHBIX KOMIIOHEHTOB 3aBHCHMOCTH, B TOM 4Hcie OT 3TaHoia. HelpoBocnamurenpHas
TEOpHUsl Pa3BUTHUA AJKOTOMW3Ma IPEAINONAraeT, 4TO W3MEHEHHUs B MOJIEKYISIPHBIX MEXaHM3Max BPOXKIEHHON
MMMYHHOU CHCTEMbBI MOTYT OBITH BOBJIECYECHBI B Pa3BUTUH MAaTojoruu. llenp Hamiero McciemoBaHUs 3aKIIOYANach
B M3Y4YEHUH BIMsSHUS asuTpoMunuHa (A3M) Ha COCTOSIHHME 3KCIPECCHU T€HOB CHCTEMBI toll-IIoO0OHBIX perenTopoB
B NAc roJ0oBHOTO MO3ra KpbIC IPU KCIEPUMEHTATIBHON alNKOroau3anuu. Taxke B 3aa41 UCCIIEeA0BaHMsI BXOJUI TOUCK
METOZOM in Silico BOBMOXXHBIX MOJEKYIAPHBIX MHIIeHeH st A3M, KoTopble MOIIH OBl OBITH CBSI3aHBI C CHCTEMOU
toll-momoOHBIX penenTopoB. A3M KOppeKTHPOBaI H3MEHEHHS, HAOMONAaeMbIe B SKCIIPECCHH T€HOB CHCTEMBI CHCTEMOI
toll-momo0OHBIX penenTopoB B YCIOBUSAX OTMEHBI IIMTENBHON ainkoronu3anuu B NAc roJoBHOTO MO3ra. BeImomHeHHbII
aHanu3 in silico BBIABUI psifi OEJIKOB, C KOTOPHIMHU ObLIa OOHapy»eHa BBICOKAsh BEPOSTHOCTh B3auMoJencTBUsl A3M,
YTO MO3BOJIMIIO CIEJATh S/ MPEANIOIOKEHNI 0 BO3MOXHBIX yTAX pealu3annuy HabaraaeMoro GpapMaKkoIornieckoro
3¢ ¢pekxra A3SM B SIKCIICpUMEHTE.

THonuwiii mexcm cmamuvu HA PyCCKOM A3biKe docmynel Ha cavime sxcypuana (hitp://pbmce.ibmc.msk.ru).

KitroueBble cjioBa: mpuiIekxalliee sipo; TaHoI; HelipoBocaieHue; toll-mogoGHbIe penenTopsl; a3UTPOMHULINH; in silico
®unancupoBaHue. PaboTa BBITOJIHEHa B paMKaxX TOCYZapCTBEHHOro 3amaHus MwuHoOpHaykum Poccun
“TToMcK MONEKYJISPHBIX MHIICHEH 11si (papMaKkoIOru4eckoro BO3ACHCTBHS MPH aJJIMKTUBHBIX U HEHPOIHTOKPUHHBIX

HapyIICHHUSX C LEJbI0 CO3/IaHHsl HOBBIX (papMaKoJIOTMYECKH aKTHBHBIX BEIIECTB, NeHCTByOMMX Ha penentopsl [[HC”
(FGWG-2025-0020).
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