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Rhinitis medicamentosa (RM) is a common complication of prolonged use of nasal decongestants, leading to structural
changes in the nasal mucosa. Despite the effectiveness of intranasal glucocorticosteroids, their use may be accompanied by
side effects.

Tha aim. To investigate the efficacy and safety of the original combined intranasal therapy consisting of mometasone furoate
and dexpanthenol as the main active ingredients in experimental animals.

Materials and methods. An efficacy research was conducted on 18 Chinchilla Soviet rabbits: 3 individuals without RM
(control) and 15 individuals with induced RM. The model of induced RM was confirmed by histological examination of the
nasal mucosa of 3 randomly selected out of 15 animals after necropsy. The remaining 12 rabbits with RM were divided
into 4 groups (n=3): untreated, as well as those with induced RM without treatment, those treated with 5% dexpanthenol,
those treated with 0.05% mometasone furoate, and those receiving combination therapy with the two above drugs. RM
was induced by administration of 0.1% xylometazoline for 14 days. The safety assessment experiment was conducted
on 80 outbred rats (4 groups of 10 females and 10 males each: 3 groups with combined therapy at doses of 50, 200 and
800 pl, respectively, and 4 group (control) with saline) with 28-day intranasal administration. To assess the effectiveness,
histological analysis (assessment of structural changes in the nasal mucosa) and photoplethysmography (assessment of the
microcirculation of the nasal cavity by cold sampling) were used. To assess the safety of combination therapy, the clinical
condition of animals, hematological and biochemical studies, assessment of the hemostasis system, and histological analysis
of internal organs were performed.

Results. The histological examination revealed pronounced dystrophic changes in the nasal mucosain animals with induced MR
without treatment, moderate inflammation with dexpanthenol monotherapy and structural restoration in the mometasone
furoate monotherapy and combination therapy groups. The best efficacy was observed in the combination therapy group,
in which the histological pattern fully corresponded to the structure of the nasal mucosa of healthy animals, in contrast to
mometasone furoate monotherapy, where histological signs of incomplete repair were observed. It should be noted that
photoplethysmography also confirmed a statistically significant improvement in microcirculation in the combination therapy
group compared with the control (p <0.05), approaching the indicators of healthy animals. The results of the study also
proved the safety of the original intranasal combination.

Conclusion. The drug combination has demonstrated superiority over monotherapy by the individual components included
in its composition, providing hydration and restoration of the nasal mucosa, as well as normalization of microcirculation in
it. The photoplethysmography method has shown its effectiveness for noninvasive assessment of blood flow in the nasal
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mucosa. The data obtained substantiate the prospects for further study of the above-mentioned combination therapy with
intranasal administration to assess the efficacy and safety of MR treatment in clinical trials.

Keywords: rhinitis medicamentosa; nasal decongestants; mometasone furoate; dexpanthenol; hyaluronic acid;
photoplethysmography

Abbreviations: RM — rhinitis medicamentosa; EDTA — ethylenediaminetetraacetic acid; VAS — Visual Analogue Scale;
SNOT — Sino-Nasal Outcome Test.
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MeanKameHTO3HbIM puHUT (MP) — pacnpocTpaHEéHHOE OCNOMKHEHWE ATMTENbHOTO MPUMEHEHMA Ha3a/IbHbIX A€KOHTECTAHTOB,
NpUBOAALLEE K CTPYKTYPHbIM U3MEHEHUAM CAM3UCTOM 060/104KM HOoca. HecmoTps Ha 3ddEKTUBHOCTb MHTPAHA3a/IbHbIX
TIFOKOKOPTUKOCTEPOUAOB, MX UCMOb30BAHNE MOMKET COMPOBOMKAATLCA MOOOUYHbIMU 3 derTamu.

Lenb. OueHnTb 3¢pdeKTUBHOCTb U 6€30MacHOCTb OPUrMHANIbHOM KOMBUHMPOBAHHOM MHTPaHA3a/IbHOW Tepanuu B COCTaBe
MOMeTa30Ha dypoaTta U AeKCNaHTEHO1a B KAYEeCTBE OCHOBHbIX AEMCTBYHOLLMX BELLECTB HA SKCMEPUMEHTA/IbHbIX }KUBOTHbIX.
Matepuanbl U metoapl. MiccnefoBaHve no nsyvyeHnto 3GHeKTMBHOCTM NPOBeAEHO Ha 18 KPo/iMKax nopoap! «LWMHLIKMANA
CoBeTckana»: 3 ocobu 6e3 MP (koHTponb) u 15 ocobelt ¢ MHAyuMpoBaHHbIM MP. Mogenb MHAyuMpoBaHHoro MP 6bina
NOATBEPIKAEHA TUCTONIOTMYECKUM UCCNeA0BaHMEM CAM3UCTOM 0BO0/IOYKM MONOCTM HOCA Yy 3 CAy4aliHO BblOPaHHbLIX U3
15 XMBOTHbIX nocsie Hekporncuu. OcTaBwmeca 12 KponnkoB ¢ MP 6biiv pasgeneHbl Ha 4 rpynnbl (n=3): 6e3 neyeHus, a
TaKKe C MHAYUMpoBaHHbIM MP 6e3 neuyeHus, c nedyeHuem 5% pekcrnaHTeHonom, ¢ nedeHvem 0,05% momeTasoHa
dypoaTom M nonyyarowme KOMBMHUPOBAHHYIO Tepanuio ABYMA BbllleyKasaHHbIMKW npenapatamu. MP nHAyuMpoBanu
BBeaeHMem 0,1% KcunomeTasonmHa B TeyeHMe 14 cyT. DKCMEPUMEHT MO oueHKe 6e3onacHoCTM nNpoBenéH Ha
80 ayTbpeaHbIx Kpbicax (4 rpynnbl no 10 camok 1 10 camuoB B KaxkAoM: 3 rpynmbl C BBEAEHMEM KOMBUHNPOBAHHOM Tepanuu
B po3ax 50, 200 n 800 MK cOOTBETCTBEHHO M 4 rpynna (KOHTPO/b) C BBegeHMEM (GU3MOMOTMYECKOrO pacTBopa) npw
28-nHEeBHOM MHTpPaHa3aNbHOM BBeAeHUU. [InsA oueHKN 3GHEKTUBHOCTU UCMONb30BaW MMCTONOMMYECKUIA aHanM3 (OLeHKa
CTPYKTYPHbIX M3MEHEHWUW CAU3MUCTON 060/MI0YKM MOMOCTM Hoca) M doTonneTusmorpaduio (OUeHKa MUKPOLMPKYAALMUN
NosoCTU HOoCa XonofoBol npoboit). Ana oueHKM 6e30macHOCTM KOMBUHWPOBAHHOM Tepanuu MPOBOAWMAN MOHUTOPWUHT
KMHUYECKOrO COCTOAHUA }KUBOTHbIX, FEMaTONIOrMYeckme n BUOXMMUYECKME UCCIeA0BaHUA, OLLEHKY CMCTEMbI TeMoCTasa m
TMCTONIOTMYECKUIA aHANN3 BHYTPEHHMX OPraHoB.

Pe3ynbratbl. [lpoBeg€HHOE TUCTONOINMYECKOE WCCef0BaHUE BbIABU/IO BblPaXeHHble AUCTPOdUYECKME W3MEHEHUs
CAN3UCTOM 060I04KM HOCA Y }KMBOTHbIX C UHAYLIMPOBAHHbIM MP 6e3 neyeHus, ymepeHHoe BocnaneHue — npu MoHOTepanuu
[OEKCMAHTEHO/IOM U BOCCTAHOBJ/IEHWE CTPYKTYPbl B rpynnax MoHOTepanuM MomeTa3oHa ¢ypoaTtom U KOMOBMHMPOBAHHOM
Tepanuu. Hamnydwasa apdekTMBHOCTL OTMeYeHa B rpynne KOMBUHUPOBAHHOW TEPANUM, Y MMBOTHBIX KOTOPOM TMCTOOTMYECKan
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KapTUHA MOJIHOCTbIO COOTBETCTBOBA/A CTPYKTYPE C/IM3UCTOM 0BONOUYKM MOMOCTU HOCA 340POBbIX KUBOTHbIX, B OTINUYME OT
MOHOTepanuu momeTasoHa ¢ypoaTom, rae HabAlgaNUCh TMCTONOTMYECKMEe MPU3HAKM HENnosHOM penapauuun. Cneayet
OTMETUTb, YTO 1 poTonneTuamorpadua noaTBEPANAA CTaTUCTUYECKU JOCTOBEPHOE YAyYLeHNnEe MUKPOLMPKYAALUK B Fpynne
KOMBUHWPOBaHHOM TepanMmn No cpaBHEHMUIO C KOHTpoaem (p <0,05), NPMBAMKAACH K MOKa3aTeNAaM 340P0BbIX XKUBOTHbIX. 10
pe3ynbTaTam UccnenoBaHUA TakkKe bblia foKa3aHa 6e30NacHOCTb OPUTMHANBHOM MHTPAHA3aIbHON KOMBUHAL M.
3aKknioyeHue. JlekapcTBeHHAasA KOMOMHALMA MNPOAEMOHCTPMPOBasa MPEBOCXOACTBO Hafh MOHOTEpanueln OTAe/bHbIMU
KOMMOHEHTaMM, BXOAALWMMU B ee cocTas, obecneynBas YBNAXKHEHWE W BOCCTAHOBNEHWE C/U3UCTOW OBONOYKM HOCa,
a TaKXe HOPMaNU3aLMI0 MUKPOLMPKYAAUMKM B Hell. MeTog dotonnetnamorpadum nokasan csoto 3G eKTUBHOCTb ANA
HEWHBA3MBHOM OLEHKMU COCTOAHMA KPOBOTOKA B C/IM3UCTOM 060/104Ke NONOCTU HOca. MNonyyeHHble faHHble 060CHOBbLIBAOT
NEepPCNeKTMBHOCTb Aa/lbHEMLLEr0 N3YYeHUA BbllleyKa3aHHON KOMBUHMPOBAHHOM Tepanun ¢ MHTPAHa3a/bHbIM BBEAEHUEM
0N OUeHKM 3ddeKTUBHOCTM M Be3onacHOCTM edeHna MP B KIMHUYECKUX UCCNe0BAHUSAX.

KnioueBble cnoBa: MeaMKAMEHTO3HbIN PUHUT;
rManypoHOBas KMcnoTa; potonneTusmorpadpus

Ha3a/ibHble [OEKOHrecCTaHTbl;

MomeTasoHa ¢ypoaT; AeKCnaHTeHON;

CnuCOK COKpaleHuii: MP — meAMKameHTO3HbIM puHUT; DATA — 3TUNEHAWAMUHTETPAYKCyCHas Kucnota; BALL —
BM3yasibHaA aHanorosas Wkana; SNOT — ONPOCHMK OLLEHKM Ha3aNbHbIX CUMMTOMOB.

INTRODUCTION

According to the literature, the problem of nasal
obstruction is quite common and occurs in 10-40%
of the population [1-3], with more than 200 million
people worldwide suffering from non-allergic
rhinitis [4].

Regardless of the cause, nasal congestion significantly
reduces the quality of life. Topical nasal decongestants
(vasoconstrictors, local decongestants, vasoconstrictors,
sympathomimetics)! are indicated for the treatment
of nasal obstruction of any etiology, as indicated in
national and international guidelines [5—7]. Over-the-
counter availability in pharmacies, rapid achievement of
the effect of improving nasal breathing, poor awareness
of patients about the possible consequences of
unregulated use of nasal decongestants are the reason
for their “self-prescription” by patients and uncontrolled
use. The state of health that develops against the
background of uncontrolled use of nasal decongestants
leads to a change in the normal functioning of the
nose, which is manifested primarily by difficulty in nasal
breathing and is called rhinitis medicamentosa (RM) [8].
This condition is one of the significant causes of nasal
obstruction belonging to the group of non-allergic, non-
infectious rhinitis [4].

With prolonged exposure of vasoconstrictors to
the nasal mucosa, its “remodeling” occurs, which is
manifested by tachyphylaxis and “rebound” syndrome [9].
The pathogenesis of this process is contributed by
the suppression of the production of endogenous
norepinephrine and a decrease in the sensitivity
of the smooth muscles of the nasal cavity vessels to it,
which is a consequence of a decrease in the number

* Allergic rhinitis. Clinical Guidelines of the Ministry of Health of the
Russian Federation; 2024. Available from: https://cr.minzdrav.gov.ru/
view-cr/261_2
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of receptors on the surface of cell membranes of the
vascular wall according to the type of negative feedback
(down-regulation)?.

Desensitization of a-adrenergic receptors, which
develops against the background of taking the above-
mentioned medicine, persists for a long time after the
cessation of action. A side effect of uncontrolled use
of decongestants is also psychological dependence
in patients, which manifests itself in the form of
anxiety, headache and anxiety after drug withdrawal
(withdrawal syndrome) [10, 11].

Currently, there is no unified strategy for the
treatment of RM, despite the good results of using
intranasal glucocorticosteroids, which is probably due
to the lack of a standardized approach to the design
and methods of evaluating the studies. It is also known
that intranasal glucocorticosteroids can cause side
effects in the form of atrophic changes in the nasal
mucosa, dryness, bleeding, crusting and perforation of
the nasal septum [12].

THE AIM.
efficacy and safety of the original combined intranasal

Experimental substantiation of the

combination of prolonged action in animals with
induced RM.

MATERIALS AND METHODS

The work carried out is a phased experimental
study: after substantiation with the help of literature
analysis of the combined composition and its further
development, the physicochemical properties of the
obtained dosage form and preclinical studies to assess
the efficacy and safety of the developed combination in
animals were studied (Fig. 1 and 2).

2Wahid N.W.B., Shermetaro C. Rhinitis Medicamentosa. 2023 Sep 4. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2025.
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Conditions and duration of the study
The experiment was conducted at Sechenov
University from September 2024 to March 2025.

Animals

Experiments to study the specific activity and
toxicity of the original drug combination were
carried out on rabbits and rats, respectively. The
study used 18 sexually mature male rabbits of the
“Soviet Chinchilla” breed weighing 3.2-3.5 kg and 80
outbred rats of both sexes (males weighing 200-220 g,
females — 180-200 g). The animals were kept in
controlled vivarium conditions in accordance with
Directive 2010/63/EU, GOST R 1.2.3156-13 and Internal
Regulations of the Institution. The sample size of
animals was determined in accordance with the “3R”
rule, corresponds to the “resource equation” according
to Mead, which ensures statistically significant results
with the minimum necessary number of individuals
in accordance with the principles of bioethics [13]. All
manipulations with animals were carried out by trained
personnel with necessary qualifications.

Methodology of the experiment

For the experiment, the composition was initially
substantiated from the point of view of scientific
pharmacological data [14-16], and then an original
combined therapy of RM of the following composition
was developed for the first time: mometasone furoate —
0.05% and dexpanthenol — 5% as the main substances;
hyaluronic acid — 0.5%, hypromellose — 0.5%, EDTA —
0.025%, phosphate buffer to pH=6.8 and purified water
to 100% as auxiliary substances.

For experimental work on efficacy assessment
(see Fig. 1), a group of 3 animals without RM induction
was selected (hereinafter referred to as the “Control”
group), 15 rabbits were induced with RM by intranasal
0.1%
2 into each nasal passage in a volume of 200 pL/nostril

administration  of xylometazoline solution
for 2 weeks using a dispenser.

In day 15, 3 rabbits were excluded from the
study to confirm the RM model based on the results
of histological examination. The nasal cavity with
adjacent tissues was isolated and fixed in 10% buffered
formalin, decalcified with 10% formic acid, sagittal
sections were prepared and stained with hematoxylin-
eosin according to the standard method to assess
structural changes in the mucous membrane. Attention
was paid to structural changes in the nasal mucosa

Tom 13, Beinyck 3, 2025

characteristic of RM (dystrophic changes with signs of
incipient cell degeneration, focal areas with a reduced
number of goblet cells, an increase in the number and
size of blood vessels).

After
development of the RM model, the

obtaining histological evidence of the
remaining
12 animals were divided into groups depending on
the planned therapy. A group of animals consisting of
3 individuals with an RM model that did not receive
therapy (the “No treatment” group) and 9 animals (3
groups of 3 rabbits each) who received intranasally daily
for 14 days in a volume of 200 pL/nostril were identified:

e combined therapy with mometasone furoate

(0.05%) and dexpanthenol (5%) (main active
substances), as well as hyaluronic acid (0.5%)
and hypromellose as auxiliary components (the
“Combination” group);

¢ monotherapy with mometasone furoate (0.05%)

(the “Mometasone furoate” group);
e monotherapy with dexpanthenol (5%) (the
“Dexpanthenol” group).

At the end of the 14-day course of therapy,
all animals were removed from the experiment by
overdose of anesthesia by intramuscular injection of
tiletamine, zolazepam and xylazine. Samples of nasal
cavity tissues together with adjacent structures were
extracted for histological examination.
state of
rabbits

method of

A quantitative assessment of the

microcirculation in the nasal mucosa of

was carried out using the

photoplethysmography — a non-invasive optical

method for studying fluctuations in tissue blood
filling by the dynamics of changes in the amount of
optical radiation scattered by them [17]. As part of
photoplethysmography, using an endoscopic device and
a personal computer, images of the area under study
were recorded with subsequent digital processing,
the result of which was a photoplethysmogram — a
periodic signal characterizing fluctuations in the blood
volume of the area under study, modulated by cardiac
activity [18].

Before the photoplethysmographic study, the
animal was anesthetized by intramuscular injection
of tiletamine and zolazepam solution at a rate of
15 mg/kg and xylazine solution 1-2 mg/kg. The
photoplethysmogram recording began 10 min after
anesthesia and was carried out using a probe optical
system consisting of a rigid endoscope with a tube

diameter of 2 mm and fiber illumination, an eyepiece
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lens with a focal length of 50 mm and a high-speed
digital color camera (The Imaging Source, Germany).
The animal was placed lying on its left side in a stable
position. The endoscope was inserted into the right
nostril until it touched the mucous membrane with a
slight pressure. The optical systems of the endoscope
and the eyepiece lens together formed an image of
the studied area of the nasal mucosa on the camera’s
radiation receiver. Images were recorded with a
temporal sampling rate of 60 frames/sec. The green
channel of the recorded images was further processed in
the “MATLAB” environment using an original algorithm,
including the steps of averaging the intensity of pixels
within the studied area, normalizing the average
value and filtering noise components in the frequency
range corresponding to the cardiac activity of
rabbits (1-10 Hz) [19]. The resulting signal was a
photoplethysmogram.

The analysis of changes in tissues on the RM
model and subsequent treatment was carried
out according to the microcirculation reaction to
provocative exposure to cold. Measurements were
carried out on the 15th and 29th days from the beginning
of the experiment after treatment in accordance with
the design. Three series of images for calculating the
photoplethysmogram were recorded before and after
wetting the studied area with physiological saline
at a temperature of 4 + 1°C. Physiological saline was
injected using a syringe with the distal end of the
endoscope fixed relative to the area under study, the
measurement was carried out 5 minutes after exposure,
which is the standard for provocative tests [20].

To study safety, according to GOST 33044-2014
“Principles of Good Laboratory Practice” and Decision
of the EEC Council No. 81 dated May 19, 2022,
repeated 28-day intranasal administration of the
original combination to sexually mature outbred rats
of both sexes was carried out. In this case, the studied
drug combination was administered in volumes
of 50, 200 and 800 pL, and physiological saline (800
uL) was used in the control group. The animals were
examined daily with an assessment of their general
condition, behavior, autonomic reactions, and
appearance. At the end of the course administration
of the drug combination, studies of hemostasis
parameters, as well as hematological and biochemical
analyzes and necropsy with subsequent histological

examination of internal organs were carried out.

146

Ethics approval

For the experimental work, approval was obtained
from the Local Ethics Committee of the Sechenov
University, Protocol No. 17-24 dated July 04, 2024.

Statistical analysis

For quantitative assessment, the ratio of the
amplitude of the photoplethysmogram before and
after the provocative test (metric R) was calculated,
3 values for each animal. Statistical processing was
carried out using the MATLAB Statistics and Machine
Learning Toolbox package, the significance of differences
in the R metric between groups of animals was
assessed by the threshold p < 0.05.

In the experimental part on assessing the safety
of the combination, the group arithmetic mean and
standard deviation (M * SD) were calculated for all
guantitative parameters. The Kruskal-Wallis test was
used as a non-parametric test.

RESULTS

Histological examination

In the control group of animals without any
intervention, the nasal mucosa was characterized by
the presence of a single-layer multi-row ciliated
epithelium, including ciliated and non-ciliated
columnar cells, goblet and basal cells, as well as a
rich vascularization of the lamina propria with serous
glands (Fig. 3).

In RM, pronounced pathological changes in the
nasal mucosa are observed, manifested by dystrophic
changes in the epithelium with signs of initial
degeneration and significant rejection of epithelial cells.
In focal areas with a reduced number of goblet cells, a
significant increase in neutral mucins is noted with a
decrease in acidic mucins, and the vascular component
is characterized by a moderate increase in the number
and size of blood vessels. Similar reactive changes are
observed in the “No treatment” group (Fig. 4).

In all samples of the “Dexpanthenol” group, signs
of reactive changes in the nasal mucosa of moderate
severity were revealed — minimal dystrophic changes
in the epithelium without pronounced rejection and
a moderate increase in the number and size of blood
vessels (Fig. 5).

The histological picture of the nasal mucosa in
the animals of the “Mometasone furoate” (Fig. 6) and
“Combination” (Fig. 7) groups corresponded to the

histological structure of the microscopic preparations

Volume XIlII, Issue 3, 2025



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2025-13-3-142-156

of the “Control” group — a variant of the norm for this
type, sex and age of animals.

Thus, in a comparative morphological analysis of
the nasal mucosa in the “Mometasone furoate” and
“Combination” groups, an obvious positive dynamic
was revealed in the form of leveling reactive changes
after acute damage compared with the “No treatment”
group. It should be noted that the results obtained in the
“Combination” group differed in significantly less
desquamation of the epithelium, better normalization
of blood supply and a lower degree of inflammation
than in the “Mometasone furoate” group.

The characteristics of the epithelium of the nasal
mucosa in the studied groups are presented in Table 1.

To form Table 1, an adapted scale for assessing
morphological changes in the nasal mucosa was used,
based on a well-known method that includes a scoring
assessment of epithelial integrity, vascular reaction and
inflammatory infiltrate with translation into an integral
damage index [21, 22]. As a result, combined therapy
with mometasone furoate and dexpanthenol provided
membrane

complete restoration of the mucous

architecture (integral score 5, which corresponds
to the norm), while monotherapy with mometasone
(4 points),

moderate

furoate showed only partial
with

restoration (2 points). The absence of treatment led

repair
monotherapy dexpanthenol —
to severe dystrophic changes (3 points). These data
confirm that combined therapy demonstrates a better
reparative effect compared with monotherapy with
individual components included in the combination, or
the absence of treatment, reflecting the synergism of
their anti-inflammatory and regenerative properties.

Photoplethysmography

The results of the analysis and statistical processing
of photoplethysmographic data are presented in the
boxplot (Fig. 8) and in the summary table 2.

Statistically significant differences in the metric (R)
between the “Dexpanthenol” group and the “Control”
and “No treatment” groups may be due to moderate
restoration of microcirculation in animals receiving
dexpanthenol monotherapy. Despite the regenerative
properties of dexpanthenol, the absence of an
anti-inflammatory component in it probably limited
the full restoration of tissues, which was reflected
in intermediate values (Me = 1.35), not reaching the
level of healthy animals.

In the “Mometasone furoate” group, the absence

Tom 13, Beinyck 3, 2025

of significant differences both with the group without
treatment (“No treatment”) and with the “Control”
group may be due to a significant spread of values
(from 0.42 to 2.46), which indicates a heterogeneous
reaction of microcirculation in individual individuals.
This factor, visualized on the boxplot (see Fig. 8),
indicates that mometasone furoate monotherapy,
despite the anti-inflammatory effect, does not provide
stable restoration of blood flow, which is probably
caused by local vasoconstriction or individual variation
in sensitivity to glucocorticosteroids.

On the group
demonstrated a significant difference from the “No

contrary, the “Combination”
treatment” group (p < 0.05) and no differences with
the “Control” group, which confirms the most complete
restoration of microcirculation to physiological norm.
A decrease in the spread of values (from 0.84 to 1.38)
group
indicates a synergistic effect of the combination:

compared with the “Mometasone furoate”

mometasone furoate stops inflammation, and

dexpanthenol and hyaluronic acid prevent the
development of its side effects, ensuring stable tissue
regeneration.

The data obtained during the study demonstrate
the possibility of using the photoplethysmography
method for an objective assessment of the state of
the nasal mucosa when using various methods of
RM treatment. However, it should be noted that the
establishment of specific quantitative thresholds
requires confirmation on a larger sample.
daily 28-day
intranasal administration of the combined medicine at
doses of 50, 200 and 800 pL did not have any effect on

the general condition, behavior, autonomic reactions,

In the safety assessment study,

condition of the coat, eyes and mucous membranes in
rats. Analyzes of body weight (body weight gain with a
reliability of p = 0.239), hemostasis system (prothrombin
time [PTT] = 22.6 + 1.1 s in the control group and
22.9 + 1.4 s in the 800 ul combined solution group,
p = 0.199), hematological (lymphocyte level from 61.2
to 78.5% with a norm of 57.0-91.0%) and biochemical
parameters did not reveal statistically significant
changes in all 3 groups compared with the control group,
which indicates the absence of an adverse / toxic effect.
The histological examination of internal organs (after
necropsy) also did not reveal pathological changes,
confirming the absence of cytotoxic and local irritant
effects of the original medicine combination, which

proves its safety with intranasal administration.
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Figure 1 — Design of the experimental part for efficacy assessment.
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Figure 2 — Design of the experimental part for safety assessment.

Volume XIlII, Issue 3, 2025



HayuHo-npakTuseckwii XxypHan OPUTNUHAJIbBHAA CTATbA

gﬁgm%ﬁgrvm DOI: 10.19163/2307-9266-2025-13-3-142-156

(PHARMACY & PHARMACOLOGY)

Figure 3 — Microscopic preparation of the nasal cavity. “Control” group.
Note: A — frontal section, B — sagittal section. Staining: hematoxylin and eosin, magnification x200; the arrow indicates the epithelium.

Figure 4 — Microscopic preparation of the nasal cavity. “No treatment\Control” group.
Note: A — frontal section, B — sagittal section. Staining: hematoxylin and eosin, magnification x200; the arrow indicates the epithelium.

Figure 5 — Microscopic preparation of the nasal cavity. “Dexpanthenol” group.
Note: A — frontal section, B — sagittal section. Staining: hematoxylin and eosin, magnification x200; the arrow indicates the epithelium.
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B B
Figure 6 — Microscopic preparation of the nasal cavity. “Mometasone furoate” group.
Note: A — frontal section, B — sagittal section. Staining: hematoxylin and eosin, magnification x200; the arrow indicates the epithelium.

Figure 7 — Microscopic preparation of the nasal cavity. “Combination” group.
Note: A — frontal section, B — sagittal section. Staining: hematoxylin and eosin, magnification x200; the arrow indicates the epithelium.
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Figure 8 — Boxplot of the ratio of photoplethysmogram amplitudes before and after provocative exposure R.
Note: | — “Control”, Il — “No treatment”, Il — “Dexpanthenol”, IV — “Mometasone furoate”, V — “Combination”.

* differences are significant at p < 0.05. Gray dots indicate the values of the ratio of photoplethysmogram amplitudes before
and after provocative exposure for each series.
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Table 1 — Qualitative assessment of the epithelium of the nasal mucosa based on the results of histology

. Epitheli L D
Time frame Group pithelial . Vascularization . e Of. Score
desquamation inflammation

Baseline Control Absent Moderate Absent 5 (normal)

14 days of RM .

No treatment No treatment Strong Hyper-expressed Strong 3 (moderate disorders)
Dexpanthenol Modearte Strong Moderate 2 (severe disorders)

14 days of RM Mometasone

induction + 14 Weak Weak Minima 4 (minor deviations)
furoate |

days of treatment —— — —
Combination Minimal Weak Minimal 5 (normal)

Note: RM — rhinitis medicamentosa.

Table 2 — Values of the ratios of photoplethysmogram amplitudes before
and after provocative exposure in the studied groups

Ratio of photoplethysmogram amplitudes before and after provocative exposure

Group

Confidence interval (95%)

Me Min Max
Lower Upper
Control 1.48 1.07 2.18 1.25 1.88
No treatment 0.76 0.67 0.97 0.72 0.89
Dexpanthenol 1.35 0.74 1.55 0.98 1.48
Mometasone furoate  0.87 0.42 2.46 0.55 2.11
Combination 1.07 0.84 1.38 0.89 1.24

DISCUSSION

There is no consensus in the world regarding the
treatment tactics of RM. A search of the PubMed
(MEDLINE), Cochrane Library, ClinicalTrials.gov
databases in the period from 1990 to 2024 revealed
only 7 prospective comparative studies on methods of
conservative treatment of RM, all of which are devoted
to the use of topical intranasal glucocorticosteroids,
inhibiting the
release of inflammatory mediators. An analysis of

the action of which is aimed at
the literature showed that fluticasone, budesonide
and dexamethasone are used to treat RM [23-25].
According to questionnaires (SNOT, VAS), anterior active
rhinomanometry, assessment of mucociliary clearance
by saccharin test, these drugs demonstrate high efficacy
compared with the control group [26-28]. However,
in a study by M. Bende et al. it was noted that already
six months after treatment with budesonide — 28% of
patients returned to vasoconstrictor intranasal drops
[29].

When creating nasal delivery systems, it is necessary
to take into account the contact time of the medicine
with the mucous membrane (exposure time), which is
animportant factor affecting the absorption of medicinal
substances and prolonging the effect. The vast majority
of currently existing medicines are eliminated from the
nasal mucosa quite quickly by mucociliary clearance,
thereby limiting the adhesion time and the possibility of

Tom 13, Beinyck 3, 2025

achieving the maximum therapeutic effect [30-32].

One of the methods to overcome rapid elimination
from the nasal mucosa is new technological solutions,
namely, drug delivery systems based on mucoadhesive
properties, which allow to achieve long-term, controlled
retention of the drug at the site of application. Cellulose
derivatives are usually used as mucoadhesives [33]. An
alternative way to retain at the site of application is to
increase viscosity with the help of special excipients, for
example, such as hyaluronic acid.

Both of the above-mentioned solutions will
allow to achieve a prolonged effect, low toxicity, good
high
indifference, a large range of viscosities, the absence of

mucoadhesive  properties, biocompatibility,
irritating effect and the ability to biodegrade.
Hypromellose is one of the most commonly used
cellulose derivatives in medical practice [33]. When
applied to the skin or mucous membranes, hypromellose
binds and retains water, forms films and moisturizes the
surface at the site of application. Studies have shown
that the droplet size of a 0.5% solution in the form of
a spray is 20-40 um, which is acceptable for nasal
administration, and a high ability to adhere in principle
may indicate good mucoadhesive properties [34]. In
addition, hypromellose has demonstrated high efficacy
not only as an excipient in the studied combination, but
also, probably, as an independent medicinal component
(artificial tear), which is used for dry eye syndrome [35].
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Hyaluronic acid is a natural polymer and a means
of delivering medical substances to the tissues of
target cells. Hyaluronic acid has moisturizing properties
and the necessary viscosity, which helps to create a
protective film in the nasal cavity due to its high ability to
retain moisture [36, 37]. Thus, hyaluronic acid provides
uniform long-term hydration of the nasal mucosa.

On the problem of pharmacotherapy of RM, only 2
works were found on the effect of mometasone on this
pathology in an experiment on animal models. In a study
by Tas et al (2005) used mometasone furoate nasal spray
for 14 days in guinea pigs. Histological results showed a
decrease in edema, an increase in epithelial thickness,
the number of goblet cells and the content of glycogen in
the stroma, which indicates a decrease in the number of
phagocytes [38]. A similar work by Wang et al (2018) on
a similar animal model of RM demonstrated restoration
of the nasal mucosa after 2 weeks of treatment with
mometasone furoate spray [39].

The advantages of taking mometasone furoate in
comparison with other intranasal glucosticosteroids are
also noted in the treatment of allergic rhinitis. This is
explained by its high affinity for glucocorticoid receptors,
as well as higher lipophilicity compared with other
medicines, which leads to better penetration into the
tissues of the nose and paranasal sinuses [40], which,
in turn, may be promising for pharmacotherapy of RM.

In the work of Minshall et al it is shown that
prolonged use of mometasone furoate does not cause
the formation of destructive processes in the mucous
membrane, but, on the contrary, contributes to the
restoration of the integrity of the epithelial cover of
the nasal cavity, as well as the reduction of cellular
infiltrates [41].

Despite the above-mentioned advantages of
mometasone furoate in comparison with otherintranasal
glucocorticosteroids, it should be noted the side effects
of its topical use, such as: nosebleeds, dryness, atrophic
changes in the mucous membrane [42]. However, the
frequency of nosebleeds with the use of mometasone
furoate (5-8%) is much lower than with the use of other
intranasal glucocorticosteroids (up to 15%)3.

In addition to the effects that have already been
described above in relation to the nasal mucosa in the
treatment of RM, it is especially important to moisturize
it, which can be achieved by using dexpanthenol and
auxiliary substances (hyaluronic acid, hypromellose).

3 Drugs.com. Mometasone Side Effects. Available from: https://www.
drugs.com/sfx/mometasone-side-effects.html
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Dexpanthenol prevents the negative manifestations
of intranasal glucocorticosteroids by stimulating epithelial
regeneration and protecting the mucous membrane
[43].
Its ability to restore the barrier function of the nasal

from the ciliotoxic effect of decongestants

mucosa is complemented by the moisturizing properties
of hyaluronic acid, which, in turn, not only improves
mucociliary clearance, but also participates in reparative
processes, which is its positive side compared with
synthetic polymers, for example, carbomer [44-46].
Hypromellose, acting as a mucoadhesive agent,
prolongs the contact of active components with the
mucous membrane, thereby providing a prolonged
therapeutic effect. However, it should be noted that
careful selection of its concentration is required
in order to avoid discomfort during the use [47, 48].

The complementary and mutually reinforcing
effects of the components included in the combination
allow to achieve more pronounced results compared
with monotherapy. Thus, in the “Combination” group,
histological analysis revealed the best restoration of
the structure of the nasal mucosa, while with isolated
use of mometasone furoate, signs of dystrophy, albeit
minimal, remained. This once again confirms that
dexpanthenol and hyaluronic acid prevent the negative
effects of glucocorticosteroids on tissue trophism.
However, the combination is not without possible risks:
an excess of hyaluronic acid, in turn, can reduce the
bioavailability of mometasone furoate, and the lack
of data on long-term use requires caution in assessing
cumulative effects.

Among the existing analogues, preparations based
on hyaluronic acid or dexpanthenol are used mainly for
moisturizing, but do not have anti-inflammatory action.
Previously studied combinations, including hyaluronic
acid with mometasone furoate [49, 50], did not
include dexpanthenol, which limited their regenerative
potential. Thus, the proposed formula of the intranasal
combination is, in fact, not just original, but also unique,
combining anti-inflammatory, moisturizing, reparative
and mucoadhesive effects.

Despite the relatively small sample, the preclinical
study of RM therapy with the original intranasal
combination revealed a statistically significant
photoplethysmography indicators,
indicating restoration of microcirculation, and also

improvement in

demonstrated normalization of the structure of the

nasal mucosa according to histological examination
with a high level of safety, which allows recommending

it for further study.
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Limitations of the study

Limitations of the study include a relatively
small sample of animals. Further studies with an
expanded design, increased duration and additional
safety assessment methods are recommended
for a more complete analysis of the potential
effects of the newly developed original medicine

combination.

CONCLUSION

The use of the original intranasal combination for
the treatment of RM is a new, promising direction in the
pharmacotherapy of this disease. The choice of main

and auxiliary components is due to their proven anti-
inflammatory, regenerative and moisturizing properties.
Further study and, possibly, potential implementation in
clinical practice will improve control over the course of
the disease and minimize the negative impact of nasal
decongestants on the condition of not only the nasal
mucosa, but also on the quality of life of patients in
general. The approbation of a non-invasive quantitative
method based on photoplethysmography for analyzing
blood flow in the nasal mucosa in modeling RM and
its subsequent treatment demonstrated the possibility
of using this method in research tasks and in clinical
practice.
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