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Aim. The study aims to develop the composition of the oromucosal gel with the IL-18 interleukin antagonist for complex treatment
of inflammatory periodontal diseases.

Materials and methods. Experimental studies were conducted based on the Department of Medicines Technology of Zaporizhzhia
State Medical and Pharmaceutical University and the Training Medical and Laboratory Center of Zaporizhzhia State Medical and
Pharmaceutical University of the Ministry of Health of Ukraine.

As an active component, in the recipe of oromucosal gel, used antagonist of the interleukin IL-1B. Excipients: D-panthenol (the
plasticizer), carboxymethylcellulose sodium salt (the viscosity modifier and mucoadhesive component), Tween-80 (the enhancer
absorption), benzalkonium chloride (the preservative), sodium hydrophosphate + citric acid (the phosphate buffer solution), purified
water. The experiments used existing and auxiliary ingredients of pharmaceutical purity, which were obtained from Sinbias LLC,
Istok-Plus LLC, LLC “Mobile Medical”. For the design of the experiment, the methodology of the response surface (Box-Behnken
Design) is used: Na CMC, Tween-80, D-panthenol; and four answers: pH, viscosity test, system type, mucoadhesive properties.

Research methods: rheological research (viscosity test, amplitude test, frequency test, mucoadhesive test, thixotropy test) performed
in oscillation mode on the modular compact Rheometer Anton Paar MCR 302 (CP50-1 SN71317), which, compared to cylindrical
devices, requires a much smaller amount of gel sample and allows the planned tests in the oscillation mode, the temperature in
the experiments was provided with a built-in thermostat (Peltier Temperature Control, C-PTD 200).

Pharmaco-toxicological studies were conducted on 46 white outbred rats of both sexes, weighing 160-180 grams, which were
received from Vivarium by the Institute of Pharmacology and Toxicology. The studies were performed on enough animals, all
manipulations were carried out by the provisions on the use of animals in biomedical experiments. The results of the study were
calculated using the standard statistical package of the Statistica for Windows 13 (StatSoft Inc., No. JPZ8041382130ARCN10-J),
as well as SPSS 16.0, Microsoft Office Excel 2003.

Results. According to the design of the experiment, it is established that the components of the system do not change the value of
pH in experimental oromucosal gels (6.5500 + 0.0334). The Anova for Quadratic Model statistical analysis data certify the significant
impact of Na CMC, and Tween-80 factors on the viscous characteristics of oromucosal gels (F-value > p-value). Comparison of
mucoadhesive characteristics of the studied samples of oromucosal gels was made using dynamic mechanical analysis and the
results of statistical analysis of ANOVA for Quadratic Model highlight the significant influence of Na CMC, D-panthenol, Tween-80.
Optimized oromucosal gel test data is obtained that its structure is restored after the applied effort, namely the restoration of the
structure after 10 seconds occurs by 69.5 %, after 30 s by 76.1 %, after 180 s by 85.4 %, after 180 s which allows to predict the
stability of the dosage form, both after manufacture and after use.

Conclusions. The composition of the oromucosal gel of anti-inflammatory action with the IL-18 interleukin antagonist for the complex
treatment of inflammatory diseases of periodontal is developed. The optimized composition of the oromucosal gel obtained has
satisfactory performance of kinetic stability and thixotropic properties. The developed gel for dentistry meets all the requirements
for harmlessness and safety for dosage forms of this group toxicity, lack of local irritant and allergic action.
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Po3po6neHHA ckhapy 6e3neuHOro opoMyKo3HOro reAto 3 aHtaroHicrom IL-1B
ANA AIKyBaHHSA 3anaAbHUX 3aXBOPIOBaHb NapOAOHTa

0. 0. AmuTpieBa, . ®. BeaeHiues, b. C. Bypnraka

Meta po6oTu — po3pobneHHst cknagy OPOMYKO3HOTO refto 3 aHTAroHICTOM iHTepnenkiHy IL-18 Ans KOMMMeKCHOro nikyBaHHS
3anarbHIX 3aXBOPOBaHb NapooHTa.

Marepianu i metogu. EkcneprmMeHTanbHi jocnimkeHHs 3aiicHunm Ha 6asi kadpeapu TexHonorii nikie 3anopisbkoro Aep)xaBHOMO
Meauko-hapMaLleBTUYHOTO YHIBEpcUTETY Ta HaB4anbHO-HayKoBOro MeamKko-nabopaTtopHOro LeHTpy 3anopisbkoro AepaBHOMo
meamko-thapmaLeBTuyHoro yHisepcuteTy MO3 Ykpaiu.

£1K KOMMOHEHT 3 aKTUBHOIO €10 B peLienTypi OPOMYKO3HOIO refto BUKOPUCTANM aHTaroHIcT iHTepnenkiny IL-1b. [lonomixHi peqoBuHM:
D-naHTeHon (nnactudikatop), kapboKCMMETUNLENHONO3N HaTpieBa Cinb (MOAUMIKATOP B'A3KOCTI, MyKOAAre3nBHUA KOMMOHEHT),
TBiH-80 (eHxacep apcopbuii), GeH3ankoHilo Xnopua (KOHCepBaHT), AMHATPItD rigpodocdat + KucnoTa NMMOoHHA (chocdaTHui
OycbepHNiA po3umH), Boaa OumLLEHa. B ekcriepumeHTax BUKOPUCTaHI aKTVBHI i JONOMiXHI iHrpemieHTV hapMaLeBTUHHOT YNCTOTH,
ki otpumano Big TOB HB® «CIHBIAC», TOB «Wctok-Mntocy, TOB «MOBINTb MELIKAT». [ns anaaitHy ekcrnepumeHTy BUKOpU-
CTaHO MeToZomOrito NoBepxHi Bianosigi (Box-Behnken Design) 3 Tpboma piBHsimu pakTopis (Na CMC, Tween-80, D-panthenol) Ta
yoTupma Bignosiasmu (pH, Tect B'siskocTi (Viscosity), Tun cuctemn (Type system), mykoaareausHi BnactvsocTi (Mucoadhesive)).

Zaporozhye medical journal. Volume 26. No. 2, March — April 2024


https://doi.org/10.14739/2310-1210.2024.2.292521
https://orcid.org/0009-0003-5259-2212
https://orcid.org/0000-0003-1273-5314
https://orcid.org/0000-0003-4539-7331
mailto:burlakabogdan%40gmail.com?subject=
mailto:burlakabogdan%40gmail.com?subject=

DyHAaMEHTaAbHI AOCAIAKEHHS

MeToau focnimKeHHs: peonorivHi JoCnimpKeHHs (TeCT B'A3KOCTI AOCTIZKEHWX renis, aMnniTyaHUA, YaCTOTHWIA, MyKOAre3BHWN
TECTW, TECT TUKCOTPOMIi) BUKOHAHO B OCLMMALIAHOMY PEXMMi Ha MOAYIbHOMY KoMnakTHoMy peometpi Anton Paar MCR 302
(CP50-1 SN71317), L0 NOPIBHAHO 3 LMNIHAPUYHUMM NPUCTPOSIMK NOTPeOYE 3HAYHO MEHLLIOT KiNbKOCTi 3paska rento, a Takox
[ae 3Mory B OCLMMNALIAHOMY pexumi MpoBOAMTM 3annaHoBaHi Tectu. Temnepatypy B focnigax 3abesneqysany BOyAOBaHUM
TepmocTatom (Peltier temperature control for concentric cylinder systems, C-PTD 200). ®apmako-TOKCUKOMOrivHi AOCHIAKEHHS
3aircHunmn Ha 46 Ginux 6eanopogHuX Lypax 06ox cTaten i3 Macoto Tina 160-180 r, WwWo ogepxaHi 3 BiBapito IHCTUTYTY chapmakonorii
Ta Tokcukonorii. [JocnimKkeHHs BUKOHanM Ha JOCTaTHiN KinbKOCTi TBAPWH, BCI MaHinynswii 3aiicHunm BignosigHo 4o MonoxeHHs
Mpo BUKOPUCTaHHS TBapWH y BioMeanyHmx gocnigax. Pesynstati LOCMiMKEHHS OnpaLtoBany, BUKOPUCTaBLUM CTaH4APTHUIA
CTaTUCTUYHUI NakeT MileHsinHoi nporpamu Statistica for Windows 13 (StatSoft Inc., Ne JPZ8041382130ARCN10-J), a Takox
SPSS 16.0, Microsoft Office Excel 2003.

PesynkraTi. BignosigHo 4o Ay3aiiHy eKcnepyMEeHTY, BCTAaHOBMEHO, LLO KOMMOHEHTM CUCTEMU He 3MIHIOTb 3HaueHHst pH AocnigHmx
opomykosHux renis (6,5500 £ 0,0334). Pesynsratu cratuctuaHoro aHanisy (ANOVA for Quadratic model) nokasanu ocToBipHui
BnnmB caktopisa Na CMC, Tween-80 Ha B'A3KICHi xapaKTEpUCTVKM BUTOTOBMEHWX 3paskiB OpoMyko3HuX renis (F-value > p-value).
MykoazareanBHi xapaKTepUCTVKW AOCTIIKEHUX 3pa3kiB OPOMYKO3HWX reniB MOpIBHSNM, BUKOHABLUM AVHAMIMHWIA MEXaHIYHWIA aHani3.
Y pesynbrari cratucTiHoro aHaniay 3 sukopuctaHHsM ANOVA for Quadratic model BctaHoBunm BiporigHUiA Bnnue cakTopie Na
CMC, D-panthenol, Tween-80 Ha mykoaareavsHi xapaktepuctuku (F-value > p-value). [laHi TeCTy TUKCOTPOMii ONTUMI30BaHOTO
OPOMYKO3HOIO refto CBiaYaTh, LLO 40ro CTPYKTYpa BigHOBMIOETLCA MICNS NPUKIAAEeHoro 3ycunns. Tak, BiAHOBNEHHS CTPYKTYpU
yepe3s 10 cekyHa BinbyeaeTbes Ha 69,5 %, Yepes 30 ¢ — Ha 76,1 %, Yepes 180 ¢ — Ha 85,4 %. Lle aae niactasn nporHoaysatu
CTabinbHICTb Nikapcbkoi (hopMH MICNS BUrOTOBNEHHS Ta 3aCTOCYBaHHS.

BucHoBku. Po3pobunu cknag opoMyKO3HOTO refio npoTu3anarnbHoi Aii 3 aHTaroHicToM iHTepnewkiHy IL-18 ans npodinaktvkm ta
KOMMIEKCHOrO NikyBaHHS 3anarbHUX 3aXBoptoBaHb NapoaoHTa. Liei cknaz opomMyKo3HOTo rerto 3abesnevye 3a0BiNbHi MOKa3HUKN
KIHETUYHOI CTIKOCTI Ta TMKCOTPOMHI BNacTUBOCTI. PO3pobrneHinii OpoMyKO3HUIA refb BiANoBigae BCiM BUMOraMm LLOAO HELUKIAMBOCTI
Ta 6e3ne4HoCTi, Lo CTaBNATb A0 NikapCbkux (opMm LiET rpyni (MatoTb HU3bKY TOKCUYHICTb, HE YMHSATH MICLIEBOMOAPa3HoBarbHOI

Ta anepriaytoqoi Aii).

Inflammatory periodontal diseases exhibit extensive dis-
tribution, progressive nature, and chronic course of the
ailment, thereby acquiring a prominent position in the spec-
trum of oral cavity diseases. Moreover, chronic inflamma-
tory processes, diminished resistance to microorganisms,
and premature tooth loss can lead to an uptick in atypical
periodontitis among younger individuals. WHO experts
have noted that periodontal disease affects approximately
80 % of school-aged children across various nations, with
prevalence reaching 100 % among adults [1,2].

The causes of such pathological processes are exo-
genous and endogenous factors: accumulation of tartar
due to irregular brushing of teeth or metabolic disorders;
bacterial infections that lead to inflammation of the gums or
deeper tissues, which leads to serious forms of periodontitis,
periodontal disease, gingivitis; genetic predisposition to the
occurrence of diseases of the oral cavity — susceptibility to
bacterial infections, increased sensitivity of the gums; the
presence of bad habits, such as tobacco smoking, which
leads to poor blood circulation to the gums or a violation
of the diet, which contributes to the deterioration of the
supply of nutrients and vitamins; hormonal state of the
body —hormonal changes such as pregnancy, menstruation,
menopause, and others can also contribute to inflammation;
the presence of chronic diseases of the body — diabetes, im-
munodeficiency states, chronic inflammatory processes also
affect the occurrence of periodontal inflammation [3,4,5].

Currently, there is a considerable arsenal of pharma-
co-therapeutic agents that are used for the prevention
and treatment of inflammatory processes in periodontal
tissues, the use of which is based on influencing the link of
the relevant pathological process: antiseptics, antibacterial
drugs, anti-inflammatory drugs, enzyme preparations,
desensitizers, immunomodulators, sorbents, antioxidants
and their various combinations to increase therapeutic
effectiveness [6,7].

Given the complex nature of the disease, its chronic
progression, the emergence of antibiotic-resistant microor-
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ganisms, and the potential for further complications, there
is a clear need for a new oromucosal treatment that can
deliver active pharmaceutical ingredients (APIs) directly to
the affected area without significant systemic absorption. To
achieve this, a local treatment with polymeric gelling agents
and mucoadhesive properties is proposed, which will help to
prolong the concentration of APIs and enhance their efficacy.

Modern views on the pathogenesis of inflammatory
diseases of the oral cavity characterize the prospects
for the use of metabolic, endothelial, antioxidative and
anti-inflammatory agents. Thus, an important link in the
pathogenesis of inflammatory processes in the oral mucosa
is the expression of pro-inflammatory cytokines — IL-1b,
TNF-a, an increase in the activity of iNOS and the activa-
tion of nitrosating stress, accompanied by an increase in
cytotoxic forms of NO.

There is a selective IL-1b antagonist, the substance
of which is obtained biotechnologically from E.coli TG1
(pTAC-hIL-1ra), in its structure containing 153 amino
acid fragments. This agent interrupts IL-b, the dependent
cascade mechanisms of ischemic neurodestruction. This
antagonist normalizes glutathione (GSH)-dependent mech-
anisms of HSP70 expression in mitochondria and brain cy-
tosol in acute ischemia. High neuroprotective, anti-ischemic,
antioxidative, anti-apoptotic activity and harmlessness of
this agent have been shown. The interleukin antagonist
has been successfully used for the treatment of rheumatoid
arthritis, cerebrovascular disease, and pericarditis [8,9].

All of the above determines the relevance and prospects
of creating a dosage form (oromucous gel) based on it for
the treatment of chronic generalized periodontitis.

The selection of excipients in pharmaceutical develop-
ment requires careful consideration and experimentation to
create a stable dosage form with high therapeutic efficacy
throughout its shelf life. To streamline this process and en-
sure quality control, researchers can employ mathematical
and in silico methods to predict outcomes and conserve
resources.
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Aim
This research aims to enhance the structure of oromucosal

gel containing interleukin antagonist IL-18 to effectively pre-
vent and treat complex inflammatory periodontal diseases.

Materials and methods

Experimental studies were conducted based on the Depart-
ment of Medicines Technology of Zaporizhzhia State Medical
and Pharmaceutical University and the Training Medical
and Laboratory Center of Zaporizhzhia State Medical and
Pharmaceutical University of the Ministry of Health of Ukraine.

As an active component, in the recipe of oromucosal
gel, used antagonist of the interleukin IL-1B. Excipients:
D-panthenol (the plasticizer), carboxymethylcellulose sodium
salt (the viscosity modifier and mucoadhesive component),
Tween-80 (the enhancer absorption), benzalkonium chloride
(the preservative), sodium hydrophosphate + citric acid (the
phosphate buffer solution), purified water. For the experiments,
only pharmaceutical-grade active and auxiliary ingredients
were utilized, which were sourced from Ukraine suppliers such
as SINBIAS LLC, Istok-Plus LLC, and MOBIL MEDICAL LLC.

Design of experiments. To develop a robust experi-
ment design, we utilized the response surface methodology,
specifically the Box-Behnken Design. These statistical
techniques are commonly employed to create a model
and analyze responses that are influenced by optimization
factors [10,11]. The development optimization process
was conducted based on three factors (x), each at three
levels (low, medium, high), and four distinct answers (y),
as detailed in Table 1.

The laboratory technology for producing prototypes
of oromucosal gels involves several steps. Firstly, half the
amount of prescribed water is measured and purified. Diso-
dium hydrogen phosphate and citric acid are then added to
this water, and the resulting mixture is heated to 80 °C while
being constantly stirred with a magnetic stirrer. Na CMC is
added, and the polymer is left to swell without heating. This
mixture is called mixture A. Secondly, the other half of the
prescribed water is measured and purified, and it is mixed
with benzalkonium chloride, Tween-80, D-panthenol, and
IL-1B at a temperature of 25 °C while being constantly
stirred with a magnetic stirrer. This mixture is called mixture
B. Once mixture A has cooled down to 25 °C, mixture B is
added to it and mixed without heating. The resulting gel is
then left in a cool place (5 °C) for one day.

Characteristics of the obtained samples of oromu-
cosal gels

pH test. A pH test was conducted by weighing 10.0 g
of gel and placing it in a measuring cylinder. This was then
mixed with 100 ml of purified water using a magnetic stirrer.
Finally, the pH was measured with a 15 OM pH meter device
equipped with a glass electrode.

Kinetic stability of oromucosal gel. The gel sample
was centrifuged in a centrifuge at 6000 rpm for a duration of
15 minutes. The coefficient of kinetic stability was calculated
using the formula:

Hk= H1 / HaH’

where H, — the height of the layer of fluid that can be
released from the oromucosal gel;

H,, — the total height of the gel;

Asystem is considered kinetically stable if H, = 0.

Rheological studies. The experimental gels underwent
rheological studies using the oscillation mode of the Anton
Paar modular compact rheometer MCR 302. Measuring
devices employed in the study included the CP50-1 cone-
plate system with a 50 mm diameter and 1-degree cone
angle SN71317. Temperature control was achieved through
a built-in thermostat, specifically the Peltier temperature
control for concentric cylinder systems (C-PTD 200).

Viscosity test of test gels. A quantity of 5 g of gel was
precisely weighed and delicately placed onto the plate. The
RheoCompass software was utilized to position the cone
a mere 0.1 mm away from the plate, enabling accurate
measurements. At a shear rate (y) of 50 1/s, viscosity values
(measured in mPa x s) were recorded. The temperature
during the experiment was strictly maintained at 25 °C.

Amplitude test. Weighing 5 g of gel, it was placed on
a plate and the cone was positioned 0.1 mm away using
the RheoCompass software. An amplitude test was per-
formed with the following parameters: angular frequency of
oscillations (w) — 10 [Rad/s], deformation (%) — logarithm
0.01 — 100, measurement point time (s) — automatically.
Throughout the experiment, the RheoCompass software
tracked the accumulation module G’ and the loss module
G” from deformation (y), allowing for the determination of
the structural transition (yield strength of the sample (10))
at the point of transition to the graph curves G’" and G”.
Additionally, the software established the boundary of the
linear viscoelastic region (LVER) where the gel sample
retained its structure. The amplitude test was carried out
under a temperature of 25 °C.

Frequency test. A quantity of 5 g of gel was precisely
weighed and delicately placed onto the plate. Using the ad-
vanced RheoCompass software, we placed a cone 0.1 mm
away from the plate and conducted a frequency test ranging
from 100 to 0.1 rad/s, with a strain amplitude of 0.5 % and
at a temperature of 25 °C. Throughout the experiment, the
software accurately calculated the accumulation modulus
G’, loss modulus G”, and loss factor tg d (also known as
the “loss factor”) by dividing G” by G'.

Mucoadhesive test. The experiment was conducted
using a Tack test, which involved the Anton Paar Model
MCR 302 device. A solution of 2 % pig’s stomach mucin
(M2378, Sigma Aldrich) was prepared in water and used to
coat the cone and platinum working surface. The surface
was then incubated at 37 °C for 10 minutes and dried until

Table 1. Factors and their levels used in the design of the oromucosal gel experiment afilm was formed [12]. Next, 0.1 g of gel was weighed onto

with IL-1B the mucin-coated plate. Using the RheoCompass firmware,
the cone was placed 0.1 mm away from the hob and the
u normal force (N) required to detach the cone from the plate
at 25 °C was measured.
x1 Na CMC, % 1 1.5 3 Thixotropy test. We weighed 0.5 g of gel and placed
X2 D-panthenol, % 1 3 5 it onto a plate. Using the RheoCompass software, we
X3 Tween-80, % 05 075 15

positioned the cone 0.1 mm away from the plate and
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Table 2. Received the formulation design, along with the factors and responses

“ Factor 1 Factor 2 Factor 3 Response 2

A: CMC, % B: D-panthenol, % C: Tween-80, % | pH Viscosity, mPa x s

1 2 5 6.5 1429.4

2 2 1 1.5 6.5 1184.5 0 6.6
3 3 5 1.0 6.5 5242.9 1 10.4
4 1 3 15 6.5 362.12 0 5.8
5 3 3 0.5 6.5 3864.3 1 9.0
6 2 3 1.0 6.4 1163.7 0 6.8
7 1 1 1.0 6.5 338.71 0 5.4
8 3 1 1.0 6.5 4591 1 9.5
9 3 3 15 6.6 8475.1 1 1.5
10 2 3 1.0 6.5 1214.9 0 6.4
1 1 5 1.0 6.5 390.17 0 5.9
12 2 5 15 6.6 1005.8 0 6.9
13 2 3 1.0 6.6 1533.3 0 72
14 2 1 05 6.5 1139.1 0 6.7
15 1 3 0.5 6.6 323.32 0 5.5

studied the restoration rate of a oromucosal gel prototype
with three intervals (3ITT) through direct examination.
The experiment was conducted in three stages. First,
we measured at a low shear rate (0.1 s) to observe the
sample’s behavior at rest. Next, we measured at a shear
velocity of 100 s™!, which characterizes the behavior of the
sample during application. Finally, we measured at a low
shear rate of -0.1 s to determine how quickly the sample
regained its structure.

Pharmaco-toxicological research methods. The
experiment involved 46 outbred white rats of both sexes,
weighing between 160 and 180 grams, sourced from the
Institute of Pharmacology and Toxicology’s vivarium. All
procedures were carried out in compliance with the bio-
medical experiment animal usage regulations (Strasbourg,
1986, amended in 1998), as well as the “General Ethical
Principles of Animal Experiments” [13,14,15]. The acute
toxicity studies followed the recommendations of the SFC
of the Ministry of Health of Ukraine and other guidelines.
Each group had 6 animals, and an oral dose of the test
gel was administered using a dosing syringe in an optimal
volume of 1.0 ml/100 g of body weight [16]. Over 14 days,
changes in the cardiovascular system, respiratory system,
central nervous system, and motor activity were monitored,
along with the mortality rate of the animals.

The gel's local irritating effect was studied following the
recommendations of the SFC of the Ministry of Health of
Ukraine. Adispenser was used to apply 0.01 ml of gel to the
conjunctiva of both eyes of the animals in the experimental
group, while the control group was given purified water. The
animals were observed for three days.

To study the gel's active cutaneous anaphylaxis, hair
was removed from a 4 x 4 cm area on the lateral surface
of the animals’ bodies. Then, 0.5 g of gel was applied to
the area, and the animals were placed in separate cages
for four hours. Sensitization was detected five days after
the last application of the drug by applying 0.3 g of gel to
the skin of the ear. The intensity of anaphylactic shock was
evaluated at 6, 12, and 24 hours, according to the Weigle
index. These tests were also conducted following the SFC.

Statistical research methods. The results of the
study were calculated using the standard statistical
package of the Statistica for Windows 13 (StatSoft Inc.,
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No. JPZ8041382130ARCN10-J), as well as SPSS 16.0,
Design Expert, Microsoft Office Excel 2003.

Results

Planning of the optimal composition of the oromucosal gel
with IL-13 was carried out using Box-Behnken Design, with
three levels of factors: Na CMC, Tween-80, D-panthenol;
and four responses: pH, viscosity test, Type system, Mu-
coadhesive (Table 2).

Organoleptic characteristics. As per the experimental
design, oromucosal gel samples were collected, which
varied in color from transparent to faint white-yellow, and
had different densities, consistency, and no discernible odor.
The intensity of coloration was dependent on the amount
of tween-80 used in the formulation.

Hydrogen index (pH). The pH index is critical in
maintaining the chemical stability of a formulation. It is
influenced by several factors and can impact the mucous
membranes in the oral cavity, leading to potential health
issues. To ensure consistency in pH levels, disodium hydro-
gen phosphate and citric acid are added to the formulation
as phosphate buffer components.

Statistical analysis of the obtained results of the effect
of variable factors on the pH of the obtained oromucosal
gels is given in Table 3.

As expected, the results obtained for determining the
pH of oromucosal gel samples do not change in oromucosal
gel formulations, due to the presence of a phosphate buffer
solution in the prescription composition.

Rheological characteristics. Viscosity at a given shear
stress is one of the rheological characteristics that allows
you to compare the consistency properties of experimental
gels and identify the possible effect of excipients of the
formulation on it. The results of determining the consistency
characteristics of oromucosal gels are given in Table 4.

The obtained data of the statistical analysis of the
ANOVA for Quadratic model indicate the significant influ-
ence of factors A— Na CMC, C — Tween-80 on the viscosity
characteristics of the manufactured samples of oromucosal
gels (F-value > p-value). The relationship between the vis-
cosity value of the gel preparation and the factors is shown
in Fig. -3 and is highlighted in the equation:

Response 3 Response 4
Type system, 1/0 Mucoadhesive, N
0 6.9

ISSN 2306-4145  http://zmj.zsmu.edu.ua
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Table 3. Influence of variable factors on the pH value of oromucosal gels

Sequential Lack of Fit Adjusted Predicted
p-value p-value RBI RBI

Mean <0.000
Linear 0.8799
2FI 0.3867

Quadratic  0.7094
Cubic 0.9630

1

0.9481
0.9701
0.9630

-0.2004 -0.5412
-0.1534 -0.4972
-0.4318 -0.9318
-2.1818 -

Suggested

Aliased

Table 4. Influence of variable factors on the value of viscosity characteristics of

oromucosal gels

m Sum of squares u Mean square F-value | p-value -

Model 7.330E+07 9  8.144E+06 9.94 0.0105  significant
A: CMC 5.387E+07 1  5.387E+07 65.76  0.0005 -
B: D-Panthenol ~ 83019.98 1 83019.98 0.1013  0.7631 -
C: Tween-80 2.281E+06 1 2.281E+06 2.78 0.1561 -
AB 90132.05 1 90132.05 0.1100 0.7536 -
AC 5.226E+06 1 5.226E+06 6.38 0.0528 -
BC 54990.25 1 54990.25 0.0671  0.8059 -
A? 1.069E+07 1 1.069E+07 13.05 0.0153 -
B? 4.916E+05 1 4.916E+05 0.6001 04736 -
G2 2.319E+05 1 2.319E+05 0.2831 06175 -
Residual 4.096E+06 5  8.192E+05 - - -
Lack of Fit 4.016E+06 3 1.339E+06 33.38 0.0292  significant
Pure Error 80201.39 2 40100.69 - - -
Cor Total 7.739E+07 14 - - - -
1 2
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y = 1303.97 + 2594.87 x A + 101.87 x B + 533.93 x
xC+150.11 x AB +1143.00 x AC—-117.25x BC + 1701.62 x
x A2 —364.89 x B + 250.62 x C2

The oscillation mode offers distinct benefits over
the rotational mode in rheological studies, as it avoids
any additional mechanical damage to test samples and
ensures measurements consider the initial state of the
sample [17,18]. Utilizing the oscillation mode, we conducted
rheological studies on experimental samples of anti-inflam-
matory oromucosal gel (st1-st15), enabling us to accurately
determine key indicators such as linear viscoelastic range
and loss coefficient (Fig. 4-9).

The sample’s behavior can be divided into two parts: the
elastic (solid) part characterized by the modulus of elasticity
G’ and the viscous (liquid) part characterized by the modulus
of viscosity G”. When the curve for G’ goes above the curve
for G”, itis assumed that the sample has viscoelastic proper-
ties within the linear viscoelastic range. The viscous behavior
arises from internal friction between the components of the
system, which converts the energy obtained from deformation
into heat energy. This energy is gradually consumed and
cannot be used by the sample. In contrast, the elastic part
of the energy characterized by the modulus G’ is stored in
the deformed material, while the structure of bonds in the
system remains intact. As a result, the material returns to its
original shape when at rest [19,20,21].

30 Surface

Tasengoen

Fig. 1. 3D image of the relationship between variable factors (Na CMC, D-panthenol)
and viscosity characteristics of oromucosal gels.

Fig. 2. 3D image of the relationship between variable factors (Na CMC, Tween-80) and
viscosity characteristics of oromucosal gels.

Fig. 3. 3D depiction of the relationship between variable factors (D-panthenol, Tween-80)
and viscosity characteristics of oromucosal gels.
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mucoadhesive characteristics of oromucosal gels.

Fig. 11. 3D image of the relationship between variable factors (Na CMC, D-panthenol)

Table 5. Influence of variable factors on the value of mucoadhesive characteristics of

oromucosal gels

[source | sum o Squares_{ o [Wean Square | Faue [paae |

Model 46.70 9 519 1710 00030  significant

A:CMC 39.60 1 39.60 13049 <0.0001 -

B: D-panthenol 04513 104513 149 02171 -

C: Tween-80 0.9113 1 09113 3.00 01437 -

AB 0.0400 1 0.0400 01318 07314 -

AC 1.21 1121 399 01024 -

BC 0.0025 100025 00082 09312 -

A2 437 1437 1439 00127 -

B? 0.0283 100283 00931 07725 -

€ 0.0144 100144 00475 08360 -

Residual 1.52 5 0.3035 - - -

Lack of Fit 1.20 3 0.3992 249 0.2990  not significant

Pure Error 0.3200 2 0.1600 - - -

Cor Total 48.21 14 - - - -

Through rheological studies of oromucosal gels st1-st15
(as shown in Fig. 4-6), the limits of the linear viscoelastic
range in the test gels were determined. Additionally, the
type of systems present were characterized: those with
pseudoplastic flow (G’ > G”), which regain their structure
after force application, and viscoelastic fluids (G” > G’), with
greater loss modulus values than elasticity modulus values.
In scientific literature, a useful indicator is employed

—the loss factor, or TG 6 = G”/ G'. This tool provides an
additional way to evaluate the behavior of a sample. If
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and mucoadhesive characteristics of oromucosal gels.

Fig. 12. 3D image of the relationship between variable factors (Tween-80, D-panthenol)
and mucoadhesive characteristics of oromucosal gels.

Tgdislessthan 1, the sample is considered viscoelastic;
if Tg 6 equals 1, the sample is in a state of gelation; and
if Tg 6 is greater than 1, the sample is a viscoelastic
liquid [22,23]. For experimental oromucosal gel samples,
the mechanical spectra of the loss coefficient (tand) de-
pendence on frequency (w) (Fig. 7-9) are provided at a
constant amplitude.

Analysis of the characteristics of experimental
oromucosal samples of st1-st15 gels according to the
indicators of amplitude and frequency tests made it pos-
sible to classify systems with pseudoplastic and other
types of flow, these results are included in Table 2, in the
response column (type) marked 1 — a pseudoplastic type
of flow, in which G’ at rest (frequency w = 0.1 rad/s) > G”,
0 — another type.

The effectiveness of a topical oromucosal medication
depends on the active ingredients in the dosage and how
long they stay in the mouth. This can be challenging due to
the constant production of saliva and mechanical actions.
Mucoadhesion, or the adhesion of the medication to the oral
mucosa, can increase the retention of the active substance
and improve its effectiveness [24,25,26]. To compare the
mucoadhesive properties of oromucosal gels st1-st15, we
used dynamic mechanical analysis.

The results of statistical analysis (Table 5) of the ANOVA
for Quadratic model highlight the significant influence
of factors A— Na CMC, B — D-panthenol, C — Tween-80
on the mucoadhesive characteristics of oromucosal gels
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Table 6. Proposed formulations of prescription oromucosal gel with IL-13

m CMC, % D-panthenol, % | Tween-80, % _ Viscosity, mPaxs | Prob (Type system = 1) | Mucoadhesive, N | Desirability, unit

1 3.000 5.000 1.500 6.520 7297.503 1.000 11.337 0.987
2 3.000 4.971 1.500 6.520 7306.290 1.000 11.335 0.986
3 3.000 4.935 1.500 6.520 7316.729 1.000 11.331 0.986
4 3.000 4.914 1.500 6.520 7322.709 1.000 11.329 0.986
5 3.000 5.000 1.496 6.520 7281.275 1.000 11.329 0.986
6 3.000 4.860 1.500 6.520 7337.815 1.000 11.324 0.985
7 3.000 5.000 1.490 6.520 7256.215 1.000 11.316 0.985
8 3.000 4.767 1.500 6.520 7362.068 1.000 11.315 0.985
9 3.000 4.737 1.500 6.520 7369.806 1.000 11.311 0.984
10 3.000 4.699 1.500 6.520 7379.011 1.000 11.307 0.984
" 3.000 5.000 1.485 6.520 7234.593 1.000 11.306 0.984
12 3.000 4.628 1.500 6.520 7395.784 1.000 11.300 0.983
13 3.000 4.573 1.500 6.520 7408.204 1.000 11.293 0.983
14 3.000 4.541 1.500 6.520 7415132 1.000 11.290 0.983
15 2.993 4.861 1.500 6.520 7284.789 1.000 11.288 0.982
16 3.000 4.392 1.499 6.520 7440.515 1.000 11.270 0.981
17 2.984 5.000 1.500 6.520 7183.620 1.000 11.258 0.980
18 3.000 5.000 1.457 6.520 7123.544 1.000 11.249 0.979
19 3.000 5.000 1.452 6.520 7100.375 1.000 11.237 0.978
20 3.000 4.209 1.481 6.520 7398.133 1.000 11.212 0.976
21 3.000 3.925 1.500 6.520 7512.255 1.000 11.211 0.976
22 3.000 5.000 1.437 6.520 7042.262 1.000 11.208 0.976
23 3.000 3.892 1.500 6.520 7515.527 1.000 11.207 0.976
24 3.000 3.859 1.500 6.520 7518.268 1.000 11.202 0.975
25 3.000 3.718 1.500 6.520 7529.306 1.000 11.181 0.974
26 3.000 3.639 1.500 6.520 7533.754 1.000 11.169 0.973
27 3.000 3.531 1.500 6.520 7538.011 1.000 11.153 0.971
28 3.000 3.509 1.500 6.520 7538.628 1.000 11.149 0.971
29 3.000 3.398 1.500 6.520 7540.321 1.000 11.131 0.969
30 2.984 5.000 1.439 6.520 6933.969 1.000 11.131 0.969
31 3.000 3.177 1.500 6.520 7537.051 1.000 11.094 0.966
32 3.000 5.000 1.367 6.520 6768.538 1.000 11.066 0.964
33 3.000 2.969 1.500 6.520 7525.794 1.000 11.057 0.963
34 3.000 5.000 1.357 6.520 6729.925 1.000 11.046 0.962
35 3.000 5.000 1.347 6.520 6691.711 1.000 11.026 0.960
36 3.000 5.000 1.334 6.520 6641.243 1.000 11.000 0.958
37 3.000 2.622 1.500 6.520 7489.483 1.000 10.991 0.957
38 3.000 5.000 1.315 6.520 6569.181 1.000 10.962 0.955
39 3.000 5.000 1.294 6.520 6491.687 1.000 10.921 0.951
40 3.000 211 1.500 6.520 7396.071 1.000 10.884 0.948
41 3.000 2.044 1.500 6.520 7380.188 1.000 10.869 0.947
42 3.000 1.956 1.500 6.520 7358.189 1.000 10.849 0.945
43 3.000 1.720 1.500 6.520 7292.266 1.000 10.795 0.940
44 3.000 1.617 1.500 6.520 7260.403 1.000 10.770 0.938
45 3.000 5.000 1.194 6.520 6128.935 1.000 10.725 0.934
46 3.000 5.000 1.188 6.520 6110.762 1.000 10.715 0.933
47 3.000 1.389 1.500 6.520 7182.837 1.000 10.714 0.933
48 3.000 5.000 1.167 6.520 6034.996 1.000 10.673 0.930
49 3.000 1.065 1.500 6.520 7055.968 1.000 10.630 0.926
50 3.000 2.878 1.284 6.520 6619.360 1.000 10.614 0.925
51 3.000 4.997 1.130 6.520 5911.950 1.000 10.604 0.924
52 3.000 5.000 1.079 6.520 5740.745 1.000 10.509 0.915
53 3.000 1.073 1.403 6.520 6625.196 1.000 10.443 0.909
54 3.000 5.000 0.972 6.520 5399.737 1.000 10.311 0.897
55 3.000 5.000 0.861 6.520 5073.974 1.000 10.114 0.879
56 3.000 5.000 0.847 6.520 5034.596 1.000 10.090 0.877
57 3.000 1.000 1.194 6.520 5718.391 1.000 10.032 0.871
58 3.000 5.000 0.747 6.520 4762.298 1.000 9.917 0.860
59 3.000 5.000 0.741 6.520 4746.112 1.000 9.906 0.859
60 3.000 5.000 0.690 6.520 4617.738 1.000 9.821 0.851
61 3.000 2.593 0.869 6.520 5106.140 1.000 9.814 0.851
62 3.000 5.000 0.635 6.520 4483.658 1.000 9.730 0.843
63 3.000 5.000 0.560 6.520 4308.558 1.000 9.607 0.831
64 3.000 1.320 0.777 6.520 4388.400 1.000 9.393 0.809
65 3.000 1.000 0.634 6.520 3804.097 1.000 9.089 0.778
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Table 7. Pharmaceutical characteristics of optimized anti-inflammatory oromucosal

gel formulation

Metric type Characteristics

Appearance

pH
Kinetic stability, H,
Yield strength, Pa

Restoration of structure
(thixotropic properties), %

Gel with a thick consistency of yellowish-white
color and odorless

6.5500 + 0.0334
0
353.4000 + 4.2107

After 180 seconds after application,
not less than 85 %

Table 8. Study of acute toxicity of il-1f blocker oromucosal gel in rats with oral

administration

Volume, Dose,
mi/100 g mg/kg

Number of rats

dead surviving
animals

Lethality, %

(F-value > p-value). The relationship between the value
of mucoadhesive characteristics and factors is shown in
Fig. 10-12 and covered in the equation:

y =6.8 + 2,225 x A + 0.2375 x B + 0.3375 x C +
+ 0.1 x AB + 0.5 x AC + 0.025 x BC + 1.0875 x A? —
-0.0875 x B? + 0.0625 x C%

Subsequently, the composition of the oromucosal gel
formulation was optimized using Box-Behnken Design
according to numerical characteristics to predict the optimal
characteristics of the oromucosal gel formulation with IL-18.
The optimization procedure was configured in the Design
expert software for the following purposes: type system —
goal maximize, mucoadhesive — goal maximize, the results
of forecast options are shown in Table 6.

To conduct additional research, we opted for Formu-
lation Composition No. 1 (Table 6), as it demonstrated
the highest levels of desirability (0.987), mucoadhesive
characteristics (11.337), and type system (type system = 1).

Following the production of the anticipated composition
for the oromucosal gel formulation, which included IL-18
(1%), Na CMC (3 %), D-panthenoal (5 %), Tween-80 (1.5 %),
benzalkonium chloride (0.02 %), and phosphate buffer (up
to 100 %), we analyzed its technological attributes.

Based on the results of the thixotropy test, it has been
determined that the experimental oromucosal gel possesses
thixotropic properties. This means that its structure is able to
recover after an applied force. Specifically, the restoration of
structure was observed at 69.5 % after 10 seconds, 76.1 %
after 30 seconds, and 85.4 % after 180 seconds. These
findings provide insight into the stability of the dosage form,
both pre and post-application (Table 7).

After conducting pharmacotoxicological studies, it was
discovered that administering the oromucosal gel in the
appropriate volume did not lead to any animal fatalities
during the observation period. Additionally, there were
no noted changes in the behavior or appearance of the
animals (Table 8).

Based on the results, the experimental oromucosal
gel appears to fall into the VI toxicity class. The study of its
localized irritant effect revealed that only 1 out of 10 animals
exhibited slight redness of the conjunctiva within 2 hours of
application, with no further adverse reactions detected in
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subsequent observation periods. These findings suggest
that the experimental oromucosal gel does not have an
irritant effect.

Additionally, the study of its allergizing effect demon-
strated that rats did not experience anaphylactic shock after
5 days of application on a sheared skin area. Therefore, it
can be concluded that the oromucosal gel with IL-1f does
not cause an allergizing effect.

Discussion

In the contemporary understanding of how inflammatory
diseases develop in the oral cavity, a hopeful approach
involves using medication that has metabolic, endothelial,
antioxidative and anti-inflammatory effects. Studies have
revealed that a crucial factor in the pathogenesis of inflam-
mation in the oral mucosa is the expression of pro-inflamma-
tory cytokines such as IL-18 and TNF-a, increased activity
of INOS, and the activation of nitrosating stress, resulting in
the proliferation of cytotoxic forms of NO [27].

Clinicians and pharmacologists are highly interested
in the use of an IL-1B receptor or antibody antagonist.
However, medicinal products within this category have
a short half-life of only 4-6 hours when administered
parenterally. To maintain proper concentration, daily
subcutaneous injections are required. Fortunately, our
team has developed a gel specifically for dentistry that
improves its pharmaco-technological characteristics.
The development of new dosage forms for oromucosal
medicine involves the use of software and mathematical
technologies within pharmaceutical development. These
advancements not only reduce the time and resources
required by researchers but also allow for the creation of
oromucosal medicines with controlled pharmaco-techno-
logical properties [28].

Our results are consistent with our previous studies on
the development of formulations with the IL-1f3 antagonist.
Thus, the developed 0.5 % gel with IL-1B, for intranasal
use, highlights the long-term neuroprotective and nootropic
effect and has a good safety profile [29,30].

Conclusions

1. The composition of the anti-inflammatory oromucosal
gel with the interleukin antagonist IL-1B for the complex
treatment of inflammatory periodontal diseases is deve-
loped.

2. It has been established that the consistency and
mucoadhesive properties of the oromucosal gel are
significantly influenced by the components of Na CMC,
Tween-80 present in the formulation.

3. The developed composition of the resulting oromu-
cosal gel has satisfactory indicators of kinetic stability and
thixotropic properties.

4. The developed gel for dentistry meets all the re-
quirements for harmlessness and safety of dosage forms
of this group — low toxicity, absence of locally irritating and
allergizing effects.

Prospects for further research. Prospective further
research of the new oromucosal gel to study its specific
activity.
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