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Abstract

Objectives. Current methods for testing nasal spray dosage forms during development fail to fully assess the behavior of the drug
following its release from the container, including subsequent distribution, retention, and permeability across the mucosal barrier.
Existing in vitro models typically overlook the critical factor of drug interaction with nasal mucus, which substantially limits their
predictive power and physiological relevance. The study set out to develop a physiologically based analytical method that addresses this
gap by employing representative simulated nasal mucus compositions to evaluate the key performance parameters of the spray.

Methods. The pH of the investigated compositions was determined potentiometrically in accordance with the requirements of the
15th Russian State Pharmacopoeia, OFS.1.2.3.0032, using a pH meter (Econix-Expert, Russia) equipped with an ESK-10601 glass
electrode (Izmeritelnaya Tekhnika, Russia). The dynamic viscosity of the compositions was measured using a Brookfield DV2T RV
rotational viscometer (Brookfield, USA) with a thermostatically controlled measuring unit of the coaxial cylinder type within a temperature
range of 25-37°C. The contact angle was determined by the sessile drop method using an EasyDrop Standard instrument (Kriiss,
Germany). The distribution of nasal sprays was evaluated with a silicone model of the human nasal cavity (Koken Co. Ltd., Japan).

Results. Representative simulated nasal mucus compositions were developed and characterized that reliably reproduce the key
physicochemical and rheological properties of human nasal secretions under both normal and pathologically inflamed conditions.
An experimental setup combining an anatomical silicone nasal cavity model with an applied layer of simulated nasal mucus was created
and validated. The developed model permits quantitative assessment of key parameters, such as the distribution and coverage area of the
drug substance upon contact with mucus of varying viscosity. As such, it provides a physiologically relevant platform for studying nasal
sprays during dosage form development.

Conclusions. The proposed approach offers a valuable tool for optimizing the composition and design of nasal sprays, enabling
comparative analysis under conditions that closely mimic physiological realities.
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AHHOTauus

I_Ie.lm. B nacTosimiee BpeMsI IIpu pa3pa60TI<e JICKapCTBECHHLIX MTpEaparoB B q)opMe Ha3aJIbHOT'O CIIPEs IMPUMCEHSOTCS METOAbl UCCIIEI0-
BaHUA HeKapCTBeHHOfI (bOpMBI, KOTOPBIC HE IMO3BOJIAOT B TTOJTHOM MEPE OLUCHUTDL MOBEACHUEC JICKAPCTBEHHOI'O CPEJICTBA IIOCJIE BBICBO-
60)K,I[CHI/I$[ U3 YIIAKOBKH, BKJIFOYasl €ro paclipeAacJCHUE, yaACpKaHUue U IMPOHUIAEMOCTbL 4€PE3 CIU3BUCTYIO 060H0‘1Ky. CyHIeCTByIOH.II/Ie
in vitro MOJICJIH, KaK IIpaBuJIo, UTHOPUPYIOT KJIFOYEBOI ¢)aKTop — BBaHMOZ[efICTBHG Ipernapara ¢ Ha3aJIbHOU CJIU3bIO, YTO 3HAYUTCIIBHO
CHUKACT UX MPOTHOCTUYICCKYIO CIIOCOOHOCTD U PEIEBAHTHOCTD YCIOBUAM in vivo. HCJ'II)IO I[aHHOI‘/‘I paGOTBI SBJIJ1aCh pa3pa60TKa (1)I/I3I/IO-
JIOTHYECKU 000CHOBAHHOTO METO/[a aHaJIri3a, KOTOpLIﬁ BOCIIOJIHACT 3TOT MeTOZ[PI‘{eCKPIfI r[po6en 3a CUET UCIIOJIB30BaHUs PEIIPE3CHTATUB-
HBIX COCTaBOB HMHTHpOBaHHOﬁ Ha3aJIbHOW CIIU3U JUISL OHEHKH KJIFOUEBBIX MMapaMETPOB IMOBEACHUS CIIPES.

MeToasl. BomopoaHslii mokasareiab HCCIEAyEMBIX COCTABOB ONPEAEIISIIN TOTEHIIMOMETPHUIECKH B COOTBETCTBUH ¢ TpedoBanmsiMu [ocy-
napcteenHoit @apmaxonen Poccniickoit denepannn XV n3panus, OPC.1.2.3.0032, ¢ ucnons3oBanueM pH-metpa (Oxonurc-Oxcnepm,
Poccust) ¢ snexrpogoM crexissHHEIM DCK-10601 (M3mepumenvnas mexnuxa, Poccus). M3Mepenne TMHAMUYECKOH BS3KOCTH HCCIIe-
JyeMBIX COCTAaBOB IIPOBOJMIN Ha poranuoHHOM Buckosnmerpe Brookfield DV2T RV (Brookfield, CIIIA), cnaGXeHHOM TepMOCTaTH-
pyeMoii N3MepUTETHbHON SUSHKON THITAa KOaKCHATbHBIX MIIHHAPOB B Iuana3one temneparyp 25-37°C. M3mepenue yria cMaduBaHUs
HCCIEyeMbIX COCTAaBOB MPOBOIMIN METO/IOM JIeKallel Karuii ¢ ucroib3oBanueM npudopa Kriiss EasyDrop Standard (I'epmamms).
OrneHKy pacnpeqeneHus Ha3albHBIX CIPEeB 10 MOACIBHON MOBEPXHOCTH MIPOBOIMIN HA CHIIMKOHOBON MOJENHN YEJIOBEYECKOTO HOCA
(Koken Co. Ltd., Toxuno, SInonus)

Pe3yabTarsl. Pa3paboTansl 1 0XapakTepH30BaHbI PENPE3CHTATHBHBIC COCTABBI IMUTUPOBAHHON HAa3aIbHON CIIN3H, KOTOPHIE 10CTOBEP-
HO BOCTPOM3BOIAT KITIOUEBBIC (DH3UKO-XMMHUYECKHE U PEOIOTMYECKHE CBOMCTBA HA3AJILHOTO CEKPETa UeNI0BEKa B COCTOSHHU HOPMBI
U IIpU maTonorndeckoM BocnaneHuu. Co3maHa u anmpoOupoBaHa IKCIEPHMEHTAIbHAS MOJIEIb, COUETAOMIAsT AaHATOMIUECKYIO CHIIUKO-
HOBYIO MOJICTIb HOCOBOW TOJIOCTH C HAaHECEHHBIM CIIOEM MMUTHPOBAHHOW Ha3aibHOU ciusu. [lokazaHo, 4To pazpaboTaHHas MOIEIh
MI03BOJIAET KOJTMIECTBEHHO OIIEHMBATh KIIIOUEBHIC MTAPAMETPhI, TAKHE KaK PACIIPOCTPAHEHUE U 30HA MOKPBITHS JTEKapCTBEHHOTO BEIIle-
CTBa IIPH KOHTAKTE CO CIM3bI0 Pa3HOH BSI3KOCTH. JlaHHAs MOENb ABIAETCS (GU3HOIOTUUECKH PEIEeBAHTHOM MIaTHOPMOH IS H3yIECHHS
HA3aJIbHBIX CIPEEB MPU pa3padOTKe JIEKAPCTBEHHON (OPMBIL.

BouiBoabl. [Ipennosken moaxosn, KOTOPBIi MpeacTaBiIseT co00i EHHbI HHCTPYMEHT JUI ONTUMM3ALUK COCTaBa M JU3aiiHa Ha3aJdbHBIX
CIIpeeB, MO3BOJIAS MPOBOAUTH CPABHUTETBHBIH aHANIN3 B YCIOBUAX, MAKCUMAJILHO MPUONMKEHHBIX K (DHU3HOIOTHUECKHM.

KnioueBble cnosa Moctynuna: 27.10.2025
MMUTHPOBAHHAs! HOCOBasl CIIN3b, HA3AIBHBIH NPENApaT, HHTPAHA3AIbHOE BBEICHHE, AopaGoTaHa: 28.11.2025
pacTipesieNieHye B HA3aMBbHOM TOTOCTH MpuHsiTa B neyats: 14.04.2026

Anga uuTnpoBaHua

Jomuuna FO.M., Kapriosa A.C., Keauk C.A. Pa3paboTka GpU3HOTOTHIECKU PEICBAHTHOTO METO/Ia aHAIN3a HA3AIBHOTO CIIPEs C UCTOJB30-
BaHMEM UMUTHPOBAHHON HOCOBOU cin3u. Townkue xumuueckue mexuonocuu. 2026;21(3):332-344. https://doi.org/10.32362/2410-6593-2026-
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INTRODUCTION

The primary physiological barrier of the respiratory
tract is the nasal mucosa, which, in a healthy state,
produces a certain amount of nasal secretion [1, 2].
Patients suffering from various nasal diseases secrete
excessive amounts of nasal mucus, such as allergic
rhinitis, sinusitis, and respiratory viral infections.
While nasal secretions are approximately 95% water,
they also contain about 2.5% of glycoproteins, 1-2%
of electrolytes such as lysozyme, lactoferrin, as well as
possible liquid fractions similar to surfactants [3—6]. The
important parameters of nasal secretion, which include
viscosity, hydrogen index (pH), adhesion, and fluidity,
are largely determined by the qualitative and quantitative
characteristics of glycoproteins [3, 4, 6, 7].

Intranasal drug delivery offers several advantages,
such as increased bioavailability and rapid onset of
systemic effect, as well as ease and convenience of daily
use [3-8]. Therefore, various compositions of nasal
medications are currently being actively developed.
Nasal sprays are a popular dosage form for delivering
local and systemic medications, as well as for delivering
medications to the central nervous system [9] and
for vaccination. When developing a composition for
intranasal administration, it is important to consider not
only the structure of the human nose, but also factors
such as the interaction of the drug with nasal secretions,
the spray pattern, and the characteristics of nasal mucus
depending on the type and stage of the patient’s disease,
for example, from watery and liquid discharge in healthy
individuals to thick and viscous discharge in individuals
with pathological changes [10, 11].

Currently, possible methods for in vitro analysis of the
described dosage form include studying the deposition
pattern of the nasal spray on paper or a plate with a thin
layer of sorbent, as well as investigating the behavior
of the nasal spray composition after release from the
nozzle on a silicone model of the human nose [12-14].
Approaches to studying the permeability of nasal spray
compositions are also known [15]. However, these
methods do not sufficiently characterize and predict the
behavior of the nasal drug composition when it interacts
with human nasal secretions for the following reasons:
1. Neglect of the influence of the key biological barrier.

Standard testing media (e.g., distilled water or
phosphate buffers) differ radically from real nasal
mucus in their rheological, surface, and biochemical
properties. The absence of mucins—the main
glycoproteins of mucus—Ieads to an inaccurate
assessment of critical parameters such as drug
distribution and retention on the nasal mucosa, active
substance release, and dosage form stability during
administration.

2. Lack ofphysiological relevance in case of pathologies.
The properties of nasal mucus change significantly
during disease. In allergic rhinitis or sinusitis, mucus
becomes thicker and more viscous due to changes in
the composition and concentration of mucins [16].
Thus, the use of a standardized medium does not
take into account an assessment of how the spray will
perform in a patient in an acute condition, when drug
delivery is most critical.

3. Low predictive power for systemic delivery. For drugs
intended for systemic action or delivery to the central
nervous system, the primary task is overcoming the
mucosal barrier and subsequent absorption through
the mucosa. Standard methods do not allow for
quantitative assessment of this key step.

In light of the above, there is a clear need to create
a relevant in vitro model that would reproduce not only
the anatomy of the nasal cavity but also its primary
biological barrier — nasal mucus. The development of
a standardized composition of simulated nasal mucus that
adequately reflects the key physicochemical properties
of both healthy and pathological mucus would fill this
existing methodological gap.

Thus, the aim of this study was to develop
a physiologically relevant method for analyzing nasal
sprays. This method is based on the use of standardized
compositions of simulated nasal mucus that reproduce
the conditions of both healthy and pathologically
inflammatory mucus.

To achieve this goal, it is necessary to complete the
following tasks: to develop and study the characteristics
of model compositions of healthy and pathological
nasal secretions suitable for testing nasal sprays, and to
conduct a study of the interaction of nasal spray drops
with simulated nasal secretions.

1. MATERIALS AND METHODS
1.1. Materials

The study was carried out using simulated healthy and
pathological nasal mucus, which included the following
components: high-molecular hyaluronic acid, 1200 kDa
(Lindera, China); lactoferrin Proferrin (/ngredia,
France); lysozyme hydrochloride (PROQUIGA, Spain);
0.9% sodium chloride (Armavir Biofactory, Russia);
locust bean gum (LBG Sicilia, Italy); sodium dodecyl
sulfate (Panreac AppliChem, Spane; Khimmed, Russia),
as well as antiviral nasal sprays.

Naltrexone hydrochloride nasal spray (hereinafter
referred to as spray 1) includes the active substance
naltrexone hydrochloride (4spen Oss B.V., Netherlands)
and excipients: poloxamer Kolliphor P 407 (Geismar,
USA, No. GNA 18721 D, NF-USP/Ph. Eur), citric acid
monohydrate, chemically pure (Khimmed, Russia),
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sodium chloride, chemically pure (GOST 4233-77!,
Khimmed, Russia), benzalkonium chloride (Unilab
Chemicals and Pharmaceuticals Pvt. Ltd., India, USP),
purified water (State Pharmacopoeia of the Russian
Federation, FS.2.2.0020) [13].

Antiviral nasal spray (hereinafter referred
to as spray 2) based on aminocaproic acid and
a copolymer of N-vinylpyrrolidone with 2-methyl-5-
vinylpyridine includes the following active ingredients:
aminocaproic acid (Polisintez, Russia), copolymers
of 2-methyl-5-vinylpyridine and N-vinylpyrrolidone
(IFT, Russia) and excipients: potassium dihydrogen
phosphate (GOST 4198-75%2, Khimmed, Russia),
disodium hydrogen phosphate (GOST 4172-763,
Khimmed, Russia), benzalkonium chloride (European
Pharmacopoeia, Sigma-Aldrich, USA), purified water
(State Pharmacopoeia of the Russian Federation,
FS.2.2.0020) [14].

Nasal spray distribution was assessed on a silicone
model of the human nose (Koken Co. Ltd., Tokyo,
Japan) using a dosing device with a spray nozzle with
a protective cap, volume of released dose 100 pL,
model IFP0198-182 (Bona Pharma, China), and
a 5 mL high-density polyethylene (HDPE) bottle with
a snap-on/crimp neck (Bona Pharma, China).

Thin-layer chromatography (TLC) plates, CTX-1A
silica gel (Sorbfil, Russia), and test substrates were
additionally used for the studies: polyethylene
terephthalate (PETP, GOST R 51695-2000%), teflon
(GOST 10007-80°), and polymethyl methacrylate
(PMMA, GOST 17622-729).

Methylene blue (analytical grade, Khimmed, Russia)
was used as a dye for nasal sprays.

1.2. Methods

The simulated nasal secretion was characterized by the
following parameters: pH, dynamic viscosity, wetting
angle, surface tension, and work of adhesion.

The pH of the studied compositions was determined
potentiometrically in accordance with the requirements

of the State Pharmacopoeia of the Russian Federation,
15th edition, OFS.1.2.3.0032, using a pH meter
(Econix-Expert, Russia) with an ESK-10601 glass
electrode (Izmeritelnaya Tekhnika, Russia).

Measurements of the dynamic viscosity of the test
compounds were performed using a Brookfield DV2T RV
rotational viscometer (Brookfield, USA) equipped
with a measuring cell of the coaxial cylinder type over
a temperature range of 25-37°C. A 5-mL sample was
transferred to the measuring cell and thermostated
for 15 min. After this the viscosity was measured at
a constant shear rate. The test was conducted using SC,-18
and SC,-16 spindles at shear rates of 29 and 18 s
respectively.

The contact angle of the test compounds was
measured using the sessile drop method using a Kruss
EasyDrop Standard instrument (KRUSS, Germany). The
study was conducted on six substrates: PETP, teflon,
silica gel, silicone, and PMMA.. The test conditions were:
volume 4 pL, dosing rate 0.16 mL/min, and temperature
25.0-28.0°C. The results were processed and surface
free energy was calculated using the Owens—Wendt—
Rabel-Kaelble model’. The work of adhesion W of the
simulated mucus to the test substrates was calculated
using formula (1)

Wzyﬁq(l+cos6), (1)

where Viiq is the surface tension of the liquid or simulated
mucus, and 0 is the wetting angle.

Dyed nasal spray solutions were prepared by adding
0.5 mL of methylene blue dye to 5 mL of the spray
compositions, followed by mixing until homogeneous.

In this study, the following substrates were
characterized: PETP, teflon, silica gel, silicone, and
PMMA. A Kruss EasyDrop Standard contact angle meter
was used according to the sessile drop contact angle
method. The study was conducted using test liquids—
distilled water and diiodomethane—under the following
parameters: volume of 4 pL, dosing rate of 0.16 mL/min,
temperature of 25.0 = 1°C.

1 GOST 4233-77. Interstate Standard. Reagents. Sodium chloride. Specifications. Moscow: Standartinform; 2008 (in Russ.).

GOST 4198-75. Interstate Standard. Reagents. Potassium dihydrogen phosphate. Specifications. Moscow: Standartinform; 2010 (in Russ.).

3 GOST 4172-76. State Standard of the USSA. Reagents. Disodium hydrogen phosphate dodecahydrate. Specifications. Moscow: Izdatelstvo

standartov; 1977 (in Russ.).

4 GOSTR 51695-2000. State Standard of the Russian Federation. Poly(ethylene terephthalate). General specifications. Moscow: Standartinform;

2008 (in Russ.).

> GOST 10007-80. Interstate Standard. Polytetrafluoroethylene. Specifications. Moscow: Standartinform; 2005 (in Russ.).

6 GOST 17622-72. State Standard of the USSR. Industrial organic plastic. Specifications. Moscow: USSR State Committee on Standards; 1972

(in Russ.).

Zhavoronok E.S., Domnina Yu.M., Kedik S.A. Physicochemical methods for studying biologically active compounds and auxiliary materials:

Laboratory workshop. Moscow: MIREA — Russian Technological University; 2023 (in Russ.).
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The nasal spray distribution study was conducted
by spraying colored nasal sprays onto a pre-prepared
silicone nose model. The silicone nose model was
prepared by uniformly applying mucus (healthy
simulated mucus, pathological simulated mucus) using
a brush. The nasal spray was manually actuated at
a45° angle to the horizontal surface on which the silicone
nose model was mounted, with the nozzle inserted
5 mm into the nasal orifice. Photo and video recording
of nasal spray distribution on the silicone model was
conducted using a vertically mounted video camera. The
obtained data were processed using Adobe Photoshop
version 21, 2020.

In order to evaluate the behavior of nasal spray
solutions, a test was conducted to determine the nasal
spray droplet flow rate on PMMA substrates with and
without nasal mucus. Simulated healthy and pathological
nasal mucus was applied with a brush in a uniform layer
over the substrate surface. The droplet placement location
and a fixed distance of two centimeters were pre-marked
on the substrate. A drop of nasal spray was then applied
with the substrate in a horizontal position. The substrate
was then rotated 90° so that it was positioned vertically.

A digital camera was positioned vertically opposite the
substrate at a fixed distance and used to record the nasal
spray flow rate. The flow rate was taken as the ratio of
the path traveled by the drop to the flow time.

RESULTS AND DISCUSSION

In the first stage, nasal mucus prototypes were selected
and prepared [17-19] (Table 1). The components of the
nasal mucus composition were taken from the work by
Ilyin et al. [19]. Then, the composition was adjusted
to achieve the required properties of healthy and
pathological [20, 21] mucus. Healthy nasal mucus was
imitated by adding hyaluronic acid 3.5 mg/mL, lysozyme
hydrochloride 2.5 mg/mL, and lactoferrin 5.0 mg/mL to
an isotonic 0.9% sodium chloride solution. Pathological
nasal mucus was imitated by preparing sodium dodecyl
sulfate 1.73 mg/mL and locust bean gum 8 mg/mL in
a saline solution.

Preliminary studies showed that the compositions
exhibited near-Newtonian behavior (Fig. 1). Therefore,
further viscometric studies were conducted at various
shear rates, with the torque ranging from 10 to 90%.

Table 1. Prototypes of model compositions of simulated healthy and pathological mucus

Concentration, mg/mL

Component
Simulated healthy mucus Pathological mucus
Hyaluronic acid, high-molecular weight 1.0 -
Lactoferrin 5.0 -
Lysozyme hydrochloride 2.5 -
Locust bean gum - 8.0
Sodium dodecyl sulfate - 1.73
Sodium chloride 0.9% 1.0 1.0
251 1690 1
24 ¢ 1680
23 ¢ 1670
w ﬁ I » 1660
< r <
A a 1650
L .
= T ¢ . . E 1640 | . . .
= 19} ° =
18 L 1630 N
17 + 1620
16 + 1610
15 L . . . 1600 : .
20 30 40 50 60 10 15 20

v, 1/s
(a)

v, 1/s
(b)

Fig. 1. Dependence of dynamic viscosity on shear rate at a temperature of 35°C:
(a) for healthy simulated nasal mucus, (b) for pathological simulated mucus
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For the selected prototypes, the pH and dynamic
viscosity values at 35°C were determined (Table 2).
It is known from the literature [20] that the dynamic
viscosity of healthy nasal mucus is about 13 mPa-s,
while in the case of pathological nasal mucus it is
about 1400 mPa-s. The pH for healthy nasal mucus

is in the range from 4.5 to 6.5; in case of pathological
nasal mucus, it increases to 7.95 [21]. Therefore, it was
necessary to adjust the compositions to achieve optimal
values of dynamic viscosity. For this purpose, the
compositions were prepared in accordance with Table 3,
and the dynamic viscosity and pH were measured.

Table 2. pH and dynamic viscosity values for prototype model compositions

Prototype pH Dynamic viscosity, mPa-s
Simulated healthy mucus 4.9 19
Pathological mucus 7.0 1430
Table 3. Composition of healthy and pathological simulated nasal mucus
Simulated healthy mucus Parameters
" Hyaluronic acid, Lactoferrin, hyl(iilzg}zlig?ifie, Sodium chloride e Dynamic viscoiity,
mg/mL mg/mL 1 0.9%, mg/mL mPa-s, 7=35°C
Composition 1 1.0 5.0 2.5 1.0 4.7 1.3
Composition 2 3.0 5.0 2.5 1.0 4.9 9.8
Composition 3 3.5 5.0 2.5 1.0 4.9 18.6
Composition 4 4.0 5.0 2.5 1.0 4.8 28
Pathological mucus Parameters
S Locust bean gum, Sodium dodecyl sulfate, Sodium chloride T Dynamic Viscoiity,
mg/mL mg/mL 0.9%, mg/mL mPa-s, T'=35°C
Composition 1 2.0 1.73 1.0 6.7 90
Composition 2 10.0 1.73 1.0 7.2 1980
Composition 3 20.0 1.73 1.0 7.0 >4000
Composition 4 6.0 1.73 1.0 6.8 872
Composition 5 7.0 1.73 1.0 6.9 1235
Composition 6 8.0 1.73 1.0 7.0 1430
Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2026;21(3):332-344 337
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Thus, compositions 3 (healthy simulated mucus)
and 6 (pathological simulated mucus) exhibit optimal pH
and dynamic viscosity values.

The next step consists in evaluating the wettability of
the developed nasal mucus compositions with nasal spray
fluids. Since this is a rather complex task, we divided it
into several stages. First, we characterized the substrates
using standard test fluids (water and diiodomethane).
The substrates, in turn, served as test substrates to
determine the surface energy of the nasal mucus. Based
on information on the surface energy of the mucus and
the surface tension of the spray fluid, the spray contact
angle with the mucus can be calculated to evaluate the
adhesion characteristics of their interactions, which are
essential for assessing spray retention on the mucosal
surface.

In the first stage of this work, the contact angles
of droplets of test liquids on polymer substrates were
measured, and the free surface energies of the substrates
and their polar and dispersion components were
determined (Table 4). A TLC plate of a kind typically
used to evaluate the runoff of nasal sprays was used as an
additional substrate [22].

Next, simulated compositions were applied to each
substrate, contact angles were measured, free surface
energies and the work of adhesion to the substrates were
calculated (Table 5).

It can be seen that, while the pathological simulated
mucus is more polar than healthy mucus, its total surface
energy is significantly lower than that of healthy mucus
due to a reduction in the dispersion component. This
results in different values of the work of adhesion between

Table 4. Free surface energy of substrates and its polar and dispersion components at 25°C

Parameter PETP Teflon TLC plate Nose model silicone PMMA
onl, mN/m 8.24 1.51 29.40 29.26 1.05
Ygl, mN/m 42.35 30.36 50.80 1.53 40.80
Yszol’ mN/m 50.59 31.87 80.2 30.79 41.85

Table 5. Characteristics of simulated mucus and work of adhesion # to various substrates

Parameter Simulated healthy mucus Pathological mucus
qu’ mN/m 14.0 27.1
YR, mN/m 62.1 19.2
Yﬁq» mN/m 76.1 46.3
W (PETP), mN/m 5.2 43.5
W (teflon), mN/m 151.3 77.0
W (TLC plate), mN/m 28.3 21.6
W (silicone nose model), mN/m 125.2 77.6
W (PMMA), mN/m 138.1 39.7
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the mucus samples and the model substrates (Table 5).
Note that the work of adhesion of the TLC plates to the
simulated mucus compositions is the lowest; for this
reason, they cannot be considered suitable as mucus
carriers in subsequent experiments.

Thus, optimal nasal mucus compositions suitable
for in vitro testing were selected and characterized, and
these compositions were used for further studies of nasal
spray compositions.

In order to evaluate the interaction of nasal sprays
with simulated nasal mucus samples using the sessile
drop method on the previously characterized test
substrates (Table 4), the polar and dispersion components
of the free surface energy of the sprays under study were
calculated (Table 6).

Table 6. Free surface energy of nasal sprays and its polar
and dispersive components at 25°C

Parameter Spray 1 Spray 2
The» mN/m 272 39.7
Thy> mN/m 39.8 19.6
Thq» MN/m 67.0 59.3

Using the data of Tables 5 and 6, the contact angles
of simulated mucus by nasal sprays were estimated
according to formula (2), and the work of adhesion was
calculated according to formula (1) (Table 7).

cosO+1 V th \/ Y11C1() V th
; 2)
2\} th th \, th th

where 0 is the contact angle, Viiq is the surface tension of
the liquid (nasal sprays), Vliq, is the surface energy of
healthy simulated mucus or pathologlcal mucus, 711 q

Table 8. Time and flow rate of the studied compositions

Table 7. Contact angle 0 and work of adhesion I of nasal sprays
on simulated nasal mucus

Simulated healthy Pathological
Parameter
mucus mucus
0°, Spray 1 54 50.9
0°, Spray 2 13.6 45.5
W, mN/m, Spray 1 133.7 109.2
W, mN/m, Spray 2 116.9 104.4

the free surface energy of the sprays. The superscripts D,
P, and X denote the dispersion and polar components, as
well as their sum.

Table 7 shows that both types of simulated mucus
are well wetted by the spray compositions (contact
angle is less than 51°), while the adhesion of the sprays
to both types of simulated mucus is quite high. This
ensures retention of the dosage form on the surface of
the simulated mucosa.

Finally, not only the equilibrium wetting
characteristics of the spray composition on the mucosal
surface are important, but also the behavior of these
sprays under dynamic conditions, which approximate
real conditions in the body. To evaluate this behavior,
the droplet runoff velocity of the sprays was determined
on the surface of simulated nasal mucus as compared
to the surface of unmodified polymers (using PMMA
as an example). These polymers are used to make nasal
cavity models. The droplet rates of flow results for the
studied compositions on various substrates are presented
in Table 8.

It can be concluded on the basis of the obtained values
that when testing nasal spray droplets on a substrate using
simulated mucus, the time of flow (or contact) increases,

Nasal spray Spray 1 Spray 2
Base Parameter Time, s Rate, cm/s Time, s Rate, cm/s
PMMA 2.24 0.89 1.04 1.92
PMMA coated with healthy nasal mucus 4.25 0.47 2.39 0.84
PMMA coated with pathological nasal mucus 2.63 0.76 1.44 1.39
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and the flow rate accordingly decreases as compared to
those on a dry substrate, regardless of the presence of high-
molecular-weight thickeners in the spray composition.
Thus, by using model nasal mucus compositions in the
experiment, it is possible to obtain flow rates for nasal
sprays that are as close as possible to those taking into
account the physiology of the human nose.

This conclusion is supported by the results of spray
studies on a human nasal model using the developed
mucus compositions, which are presented in Figs. 2 and 3.

An analysis of the obtained images reveals that if no
simulated nasal mucus is used, the spray solutions, after
being released from the nozzle, are distributed evenly
as fine droplets without the presence of large, visible
droplets. However, the presence of simulated mucus on
the nasal model allows for a more precise depiction of
the area of the test compound application in the nasal
cavity due to the higher adhesion of the test compound
to the model surface.

CONCLUSIONS

The study developed and characterized representative
compositions of simulated nasal mucus to simulate
key properties of the nasal mucosa both under healthy
conditions and during pathological inflammation. The
resulting models were successfully integrated into
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