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RESUMO

A mucosite oral (MO) ¢ uma inflamagdo comum entre pacientes em tratamento oncologico,
como radioterapia e quimioterapia, causando desconforto significativo. A auséncia de
tratamento padronizado e os resultados lentos podem prejudicar e até interromper o tratamento
do cancer. Por isso, hd uma necessidade constante de alternativas terapéuticas mais eficazes e
acessiveis. Neste contexto, os derivados da uva, com propriedades antioxidantes, anti-
inflamatorias e cicatrizantes, combinados com o 4cido hialuronico, que hidrata e favorece a
regeneracao tecidual, e a lidocaina, um anestésico local seguro, sdo componentes promissores.
Os sistemas liquidos cristalinos (SLC) sdo sistemas de liberagdo capazes de aumentar a
permeacdo de farmacos e apresentam alta mucoadesividade. Este estudo desenvolveu e
caracterizou uma formulacao contendo lidocaina, 6leo de semente de uva e acido hialurdnico
em SLC, para tratamento da MO. A formulagdo foi determinada por um diagrama de fases e
caracterizada usando técnicas como microscopia de luz polarizada, estudos reoldgicos, cinética
de liberagdo in vitro, capacidade de permeagdo e mucoadesdo in vitro, além de testes de
toxicidade in vivo em membrana corioalantdica (CAM) de embrides de galinha. A formulacao
que apresentou estrutura SLC hexagonal mesofasica considerada ideal para a formulacao
proposta apresentou a composicao de 6leo de semente de uva:acido oleico (4:1), 40% PPG-5-
CETETH-20 e 20% acido hialuronico com 5% lidocaina e comportou-se como fluido
newtoniano, com boa espalhabilidade e facil aplicagdo, com aumento da viscosidade ao contato
com a saliva, contribuindo para a mucoadesdo. A cinética de liberacao ajustou-se ao modelo
de Weibull, indicando multiplos processos de liberagdo. O anestésico da formulagdo permeou
a mucosa suina mais lentamente, mas com inicio imediato, com fluxo em estado estacionario
e tempo de laténcia menores comparados a formulacdo comercial (p<0,05). Sua toxicidade in
vivo foi semelhante a formulagdo comercial. Em conclusdo, o estudo desenvolveu uma
formulacdo inovadora com propriedades ideais para aplicacdo clinica, oferecendo uma
alternativa para o tratamento da MO, com componentes que apresentam potencial para
promover alivio sintomatico e cicatrizante, os quais, se confirmados, podem melhorar a
qualidade de vida de pacientes em tratamento oncologico.

Palavras-chaves: estomatite, lidocaina, cristais liquidos, produtos naturais, acido hialurénico,

sistema de liberacdo de farmacos.



ABSTRACT

Oral mucositis (OM) is a common inflammation among patients undergoing oncological
treatment, such as radiotherapy and chemotherapy, causing significant discomfort. The absence
of standardized treatment and slow results can hinder and even interrupt cancer treatment.
Therefore, there is a constant need for more effective and accessible therapeutic alternatives.
In this context, grape derivatives, with antioxidant, anti-inflammatory, and healing properties,
combined with hyaluronic acid, which hydrates and promotes tissue regeneration, and
lidocaine, a safe local anesthetic, are promising components. Liquid crystalline systems (LCS)
are drug delivery systems capable of increasing drug permeation and exhibit high
mucoadhesion. This study developed and characterized a formulation containing lidocaine,
grape seed oil, and hyaluronic acid in LCS for the treatment of OM. The formulation was
determined by a phase diagram and characterized using techniques such as polarized light
microscopy, rheological studies, in vitro release kinetics, in vitro permeation and
mucoadhesion capacity, and in vivo toxicity tests on the chorioallantoic membrane (CAM) of
chicken embryos. The formulation that presented an ideal hexagonal mesophase LCS structure
had a composition of grape seed oil:oleic acid (4:1), 40% PPG-5-CETETH-20, and 20%
hyaluronic acid with 5% lidocaine and behaved as a Newtonian fluid with good spreadability
and easy application, with increased viscosity upon contact with saliva, contributing to
mucoadhesion. The release kinetics fit the Weibull model, indicating multiple release
processes. The anesthetic in the formulation permeated porcine mucosa more slowly but with
immediate onset, with a steady-state flux and lower latency time compared to the commercial
formulation (p<0.05). It’s in vivo toxicity was similar to the commercial formulation. In
conclusion, the study developed an innovative formulation with ideal properties for clinical
application, offering an alternative for the treatment of OM, with components that have the
potential to promote symptomatic relief and healing, which, if confirmed, can improve the
quality of life of patients undergoing oncological treatment.

Keywords: Stomatitis, Lidocaine, Liquid Crystals, Biological Products, Hyaluronic Acid,
Drug delivery.
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1. INTRODUCAO

A mucosite oral ¢ uma inflamacao aguda da mucosa oral que ocorre como consequéncia
de terapia sistémica para cancer e/ou radioterapia. Normalmente, pode afetar aproximadamente
40% dos pacientes em quimioterapia e cerca de 100% dos pacientes em tratamento
radioterapico (INCA, 2023). O diagnostico se baseia na historia clinica e no exame fisico, e
geralmente, as lesdes sdo muito dolorosas. O quadro clinico varia de eritema a ulceragdo
irregular ou confluente com uma membrana pseudomembranosa superficial até lesdes erosivas
e ulceragdo ou, raramente, com areas de necrose, que se manifestam em toda a cavidade bucal
(Lalla et al., 2021).

Dependendo da gravidade das lesdes, essa condi¢do pode resultar em uma indesejada
reducdo na dose e/ou uma interrupgao na terapia contra o cancer (Lalla et al., 2021; Robijns et
al., 2022), além de prejudicar o estado nutricional, diminuir a qualidade de vida do paciente e
predispor o paciente a maior risco para infecgdes sistémicas, conforme abordado a seguir
(Fernandes et al., 2019).

Para melhor explicar o mecanismo de desenvolvimento da mucosite, Sonis (2004)
propds um modelo tedrico que divide a evolugdo da lesdo em cinco estigios: iniciacdo,
sinalizagdo, amplificagdo de sinal, ulceragdo e cicatrizacdo. A fase de ulceragdo ¢ conhecida
por ser a mais morosa € intensa, pois ativa macrofagos a produzirem e liberarem citocinas pro-
inflamatorias adicionais — IL-1, IL-6, IL-8 e TNF (Logan, Stringer, 2018). Dessa forma,
especialmente durante a fase de ulceracdo, a mucosite oral provoca dor e grande dificuldade
durante a mastigagdo e a degluticio e, consequentemente, resulta em uma nutricdo
extremamente deficiente. Além disso, a condicao dolorosa também impacta na alteracao do
padrdo de higiene oral e interfere nas fungdes orais bésicas, podendo predispor a infecc¢des
oportunistas, como a candidose (Glenny et al., 2010; Walsh, 2010). Esse conjunto de
complicagdes pode acarretar um prognodstico desfavoravel para a doenca com debilidade do
paciente e, inclusive, interrup¢ao do tratamento oncolédgico (Fernandes et al., 2019).

O tratamento atual da mucosite envolve varias abordagens, focando tanto na prevencao
quanto no manejo dos sintomas. No entanto, ainda ndo had padrdo estabelecido na literatura
(Silva et al., 2023). Como medida preventiva, a crioterapia € utilizada durante a administracao
da quimioterapia para reduzir a absor¢do do agente quimioterdpico pela mucosa oral,
diminuindo o risco de mucosite (Liu et al., 2021). Outro método preventivo ¢ o uso da
palifermina, um fator de crescimento de queratindcitos utilizado principalmente para prevenir

a mucosite em pacientes submetidos a transplante de células-tronco hematopoiéticas e
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tratamento com altas doses de quimioterapia.Para o tratamento da mucosite ja em
desenvolvimento normalmente, sdo administradas varias opg¢des terapéuticas, incluindo (i)
farmacos antifungicos: embora eficazes, apresentam uma resposta tardia e podem causar
resisténcia antifungica (Berto, Hermes, 2023). (ii) solugdes de clorexidina: embora utilizadas,
podem causar ardéncia e disgeusia e tem pouca efetividade, especialmente em casos de
mucosite radioinduzida (Costa et al., 2023); (iii) laser de baixa poténcia: utilizado tanto na
prevencdo quanto no tratamento, promove uma melhora consideravel das lesdes em menor
tempo. No entanto, ¢ um recurso caro e que exige habilitagao do profissional, o que limita seu
acesso para todos os pacientes (Liu et al., 2021; Silva et al., 2023); (iv) suplementos e
fitoterapicos: inclui a glutamina oral, usada para reduzir a incidéncia e severidade da mucosite
em alguns pacientes; (v) Enxaguantes bucais com lidocaina (Colella et al., 2023) ou com
sulfato morfina 0,2 % (Leal et al., 2024), ambos para o alivio da dor. (vi) benzidamina, um
anti-inflamatorio ndo esteroidal, ¢ utilizada como enxaguante bucal para reduzir a inflamacao
e dor da mucosite em pacientes submetidos a radioterapia para cancer de cabeca e pescoco. No
entanto, esses métodos apresentam resolucdo demorada (Colella et al., 2023).

Assim, torna-se necessario a busca de novas alternativas para o tratamento ¢ alivio
sintomatico dessa doenca com medicamentos eficazes e seguros. Nesse contexto, produtos
naturais tem se destacado para diversos tratamentos, pois sdo recursos importantes na
descoberta de novos metabolitos bioativos € em sua maioria, apresentam poucos efeitos
colaterais (Zhou et al., 2022; Wang et al., 2024).

Dentre eles as uvas (Vitis vinifera) sao consideradas uma das espécies frutiferas mais
benéficas para satide (Zhou et al., 2022), principalmente, por apresentarem a¢do antioxidante,
cicatrizante, antialérgica, anti-inflamatdria, anticancerigena, anti-hipertensiva e antimicrobiana
devido a presenca de polifendis (Garavaglia et al., 2016; Jambi et al., 2019). Os principais
polifendis identificados no d6leo de semente de uva sdo as catequinas, epicatequinas, trans-
resveratrol, e procianidina B1 (Garavaglia et al., 2016), que sdo importantes metabolitos
secundarios da videira, os quais podem ser eficazes para o tratamento de diversas condigdes
(Jambi et al., 2019; Rodriguez-Lopez et al., 2022).

Muitos estudos relataram que sua atividade anti-inflamatoria, antibacteriana,
antifingica, antiviral ocorre por meio da acao direta contra patdgenos orais ou pela inibi¢ao de
fatores de viruléncia tais como a producgdo de toxinas, principalmente, aderéncia e invasao das
células hospedeiras (Rahman et al., 2019), agindo diretamente sobre a membrana celular

bacteriana, impedindo a divisdo mitotica, causando desidratacdo nas células e impedindo a
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sobrevivéncia de bactérias patogénicas (Idris et al., 2022). Esta acdo ocorre por diversos
mecanismos, incluindo a interrup¢ao de processos metabolicos, como a formacao da parede
celular, levando a lise, a inibi¢ao da sintese de proteinas, o comprometimento do transporte de
nutrientes, a interrup¢do da respiragdo celular e a interferéncia na comunicacdo celular das
bactérias. No caso de fungos, pode afetar sua reproducdo e, em virus, pode interferir na sua
replicacao, impedindo sua multiplicagdo (Rahman et al., 2019; Singh et al., 2019).

Em relagdo as propriedades anti-inflamatorias, os polifendis bloqueiam a acdo de
enzimas especificas, especialmente a isoforma COX-2 (cicloxigenase-2), no organismo
humano, que causam inflamagao na biossintese dos eicosanoides (Idris et al., 2022). Em
acréscimo, modificam as rotas metabdlicas das prostaglandinas; protegem a agregacdo
plaquetaria e inibem a ativagdo de carcinogenos justificando sua capacidade de modular a
resposta inflamatoria e apresentar propriedades anticarcinogénicas (Idris et al., 2022; Singh et
al., 2019; Franco, 2023; Santos et al., 2023).

Ademais, os derivados de uvas exercem um importante papel quimiotaxico para
macrofagos, sendo fundamental na expressio de componentes do sistema fibrinolitico
(regulacdo da producao de colagenase); favorece o debridamento autolitico no leito da ferida
por contribuir com a producdo de metaloproteinases, podendo acelerar o processo de
cicatrizagdo (Mirza et al., 2023).

Outrossim, essas fontes naturais permitem que estratégias farmacotécnicas possam ser
aplicadas para melhorar a biodisponibilidade de seus metabolitos bioativos (Esteban-Fernandez
etal., 2017). Desta forma, o emprego do 6leo de semente de uva como fase oleosa dos sistemas
liquidos cristalinos (SLC) se destaca como uma possibilidade inovadora para o tratamento
topico da mucosite oral.

Sistemas liquido-cristalinos (SLCs), descritos pela primeira vez por Lehmann em 1889
e denominados "estado mesomorfico" por Friedel em 1922, representam um estado
intermediario da matéria que exibe propriedades tanto de solidos quanto de liquidos. Eles
possuem ordem estrutural e rigidez tipicas de s6lidos e mobilidade e regides desordenadas
caracteristicas dos liquidos. Os SLCs sao divididos em duas classes principais: termotropicos,
que sdo formados sob a influéncia da temperatura e sd3o menos estaveis, e liotropicos, que
consistem em misturas de compostos anfifilicos em solventes, geralmente agua, formando
mesofases como lamelar, hexagonal e cubica (Chorilli et al., 2009).

Estes sistemas apresentam geleificacdo in situ, visto a absor¢do de agua, quando em

contato com a saliva, e no caso dos SLCs liotropicos, os sistemas sao formados pela mistura de
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uma molécula anfifilica (tensoativo), como o polioxipropileno (5) poloxietileno (20) cetil éter,
e solventes, como 0Oleos e dgua, que dependendo de sua concentragdo, podem se organizar em
mesofases do tipo lamelar, hexagonal ou cubica (Benergossi et al., 2015; Salmazi et al., 2015;
Chorilli et al., 2016; Calixto et al., 2021; Victorelli et al., 2023). Os SLC apresentam varias
vantagens para utilizagdo como meio de libera¢do de fArmacos pois possuem area de superficie
aumentada, maior biointeracdo com o tecido-alvo, mantém o efeito do farmaco no tecido,
diminui o niamero de aplicagdes e doses e ha reducao de efeitos colaterais (Apolinario et al.,
2020).

Nesse mérito, este sistema de liberagdo surge como uma valiosa estratégia, pois podem
ser administrados em mesofase com baixa viscosidade que facilitam a sua aplicagdo, por
exemplo, por seringa. Contudo, ao entrar em contato com o ambiente bucal, o SLC tem a
capacidade de incorporar 4gua da saliva, se tornando um SLC mais viscoso in situ, com alta
capacidade mucoadesiva, permanecendo por mais tempo no sitio de aplicagdo intrabucal
(Chorilli et al., 2016, Calixto et al., 2016a; Cintra et al., 2016; Dos Santos Ramos et al, 2016;
Fonseca-Santos et al., 2017; Calixto et al., 2018; Rodero et al., 2018; Calixto et al., 2021;
Miyashiro et al., 2023).

Portanto, os SLC podem superar as limitagdes que a administracao topica de alguns
medicamentos na mucosa bucal apresenta devido a mastigagdo, fala, degluticdo e
principalmente, a secre¢do continua da saliva (0,5 a 2 L/dia) (Salamat-Miller et al., 2005;
Hearnden et al., 2012; Franz-Montan et al., 2017a; Franz-Montan et al., 2017b) que podem
levar a remogdo da formulacao do seu sitio de aplicagdo.

Em acréscimo, a alta capacidade de mucoadesdo dos SLC também podem aumentar a
permeacao de farmacos, superando as caracteristicas da barreira de revestimento de mucosa
oral que limitam muito a permeacdo de farmacos (Franz-Montan et al., 2017a; Calixto et al.,
2018; Rodero et al., 2018; Miyashiro et al., 2020; Calixto et al., 2021; Pestana et al., 2024).

Nesse contexto, uma possivel estratégia para aumentar a mucoadesao dos SLC ¢ utilizar
como fase aquosa uma dispersdo de sal de 4cido hialurdnico, que ¢ um biopolimero formado
por acido d-glucurénico e N-acetil-d-glucosamina que apresenta elevada capacidade
mucoadesiva (Bernkopschniirch, 2005; Kumar & Sinha, 2013). Além disso, o cido hialurénico
promove eventos celulares auxiliares ao processo de reparagdo tecidual e renovagdo epitelial
pois aumenta a migracdo de neutrofilos e macrofagos, mediadores no processo de reparagao
tecidual, para o local da lesdo, aumentando a capacidade fagocitica de ambos. Ademais, acentua

a migragao, proliferacdo e atividade de miofibroblastos e fibroblastos. Paralelamente, ¢ capaz
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de aumentar a proliferacio de células endoteliais, favorecendo a angiogénese e,
consequentemente, melhorando as condi¢des de aporte sanguineo a area lesada. Esta etapa ¢
fundamental na reparagdo do tecido, pois proporciona uma maior circulacdo de células
necessarias ao processo € novos vasos que participam da formacao do tecido de granulagdo
provisorio, suprindo o novo tecido com nutrientes e oxigénio (Bortolazzo, 2018).

Além disso, tem a capacidade de promover alta hidratagdo, promovendo uma agao
hidratante adicional na superficie da mucosa oral, evitando as infec¢des oportunistas causadas
por fungos e bactérias, mantendo integra a mucosa e favorecendo a cicatrizagao de feridas e/ou
o ndo aparecimento destas (Huang et al., 2014; Nascimento, Lombello, 2016; Mohammed et
al., 2022).

Os anestésicos locais (AL) sdo farmacos capazes de inibir reversivelmente a percepcao
das sensagdes, sobretudo a dor, por meio do bloqueio dos canais de sodio regulados por
voltagem, impedindo, assim, a propaga¢do dos impulsos nervosos ao longo dos neurdnios
(Yagiela, et al., 2011; Parise, Grando, 2017). Dentre os AL, a lidocaina, pertencente ao grupo
das amino-amidas, ¢ um dos mais utilizados na pratica odontologica, sendo considerada o
padrdo ouro devido a sua a¢do répida e eficaz, com raro risco de reacdes alérgicas. Além disso,
¢ segura para criancas, gestantes e idosos, o que a torna adequada para diferentes situagdes
clinicas (Franz-Montan, 2017b; Malamed, 2021). Em sua forma de sal mais empregada, o
cloridrato de lidocaina, apresenta uma alta solubilidade em agua, alcangando cerca de 1000
mg/mL a 20°C, como descrito por Malamed (2021). Essa alta solubilidade facilita seu uso em
formulacdes injetaveis e topicas, permitindo uma dissolucdo eficiente e rapida em solventes
aquosos, o0 que possibilita sua incorporacao na fase aquosa do SLC (Vilas Boas de Almeida et
al., 2023).

Assim, o objetivo deste estudo foi desenvolver e caracterizar uma formulagdo contendo
a combinacdo do oleo de semente de uva, acido hialurénico e lidocaina em um sistema
precursor de cristal liquido como futura estratégia para alivio sintomadtico e cicatrizante de
lesdes de mucosite oral. Além disso, avaliar se esse sistema de liberagdo ¢ eficiente em
promover permeacdo lenta e sustentada do anestésico, com alta capacidade mucoadesiva e
reduzida toxicidade.

A hipoétese deste estudo foi que seria possivel desenvolver uma formulagao contendo a
combinag¢do do 6leo de semente de uva, acido hialurdnico e lidocaina em sistema precursor de

cristal liquido de geleificagdo in sifo com propriedades reolodgicas e mecanicas ideais para
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aplicagdo tépica em cavidade bucal, ainda apresentando alta capacidade mucoadesiva,
permeacao lenta do anestésico local, e reduzida toxicidade.

Esta dissertagdo serd apresentada em formato alternativo, de acordo com Art. 2° da
Instrugdo Normativa CCPG N° 002/2021 e sera composta de um artigo cientifico, que sera
submetido no periddico Journal of Pharmaceutical Sciences apds a defesa da dissertacao
(comprovante de submissao sera anexo na versao final a ser encaminhada para homologacao).
As normas de formatac¢ao do artigo a seguir, estdo de acordo com aquelas preconizadas pela

revista.
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ABSTRACT

Oral mucositis is a complication of antineoplastic treatment resulting in painful ulcerated
lesions in the oral cavity and difficulty in drug administration. Liquid crystalline precursor
systems (LCPS) emerge as a promising approach due to their high mucoadhesive capacity
when in contact with saliva. This study aimed to develop an innovative formulation for the
treatment of oral mucositis using a mucoadhesive liquid crystalline precursor system composed
of grape seed oil, PPG-5-CETETH-20 as a surfactant, and hyaluronic acid, with the
incorporation of lidocaine as a therapeutic alternative for oral mucositis. The developed
formulation, as determined in a preliminary study, consisted of PPG-5-CETETH-20 as a
surfactant, 40% of a mixture of grape seed oil and oleic acid (ratio 4:1), 40% of PPG-5-
CETETH-20, and 20% of hyaluronic acid with the addition of 5% lidocaine. This formulation
was characterized by polarized light microscopy (PLM), texture profile analysis (TPA), and
rheology. The swelling capacity in artificial saliva, release kinetics, in vitro permeation and
mucoadhesion in porcine buccal mucosa, and in vivo toxicity in the hen's egg test -
chorioallantoic membrane (HET-CAM) model were evaluated with the liquid crystalline
system (LCS) formulation (bulk gel). The developed formulation presented a stable hexagonal
liquid crystalline phase, with increased viscosity and hardness after dilution with artificial
saliva, showed a Newtonian fluid behavior, a high mucoadhesive capacity, immediate and
sustained permeation, and toxicity similar to the commercial formulation. In conclusion, the
LCS formulation demonstrated promising properties for the topical treatment of oral mucositis,

exhibiting desirable physical-chemical characteristics as a novel therapeutic alternative.

Keywords: Oral mucositis, lidocaine, liquid-crystalline system, grape seed oil, hyaluronic

acid, mucoadhesion, drug delivery system, topical administration.
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1. INTRODUCTION

Oral mucositis (OM) is a serious complication of antineoplastic therapy. It is an
inflammatory process caused by the cytotoxic action of chemotherapeutic agents and ionizing
radiation, causing discomfort such as burning, erythema, pain, difficulty in eating, and oral
care. Normally, epithelial cells have good regeneration capacity; however, due to treatment
with antineoplastic agents, there may be delay and inhibition of cellular processes, resulting in
lesions such as aphthae, ulcers, and peeling of the buccal tissue (Yarom et al., 2020).

The condition impacts patients’ quality of life of and often requires partial or complete
interruption of oncological treatment. This can lead to systemic complications, hospitalization,
and, not infrequently, progression to death (Oganesyan et al., 2023).

It is estimated that about 60 to 85% of patients undergoing hematopoietic stem cell
transplantation, 40% of patients undergoing conventional chemotherapy, and 100% of patients
undergoing radiotherapy will manifest some degree of OM during and/or after treatment
(INCA, 2023; Leal et al., 2024). The complications associated with this condition include
changes in treatment protocols, nutritional impairment, predisposition to systemic infections,
which can worsen the disease prognosis, and reduce quality of life, highlighting the urgent need
for effective and safe therapeutic strategies (Leal et al., 2024).

Currently, the treatment of OM is challenging, involving cryotherapy, antifungal and
anti-inflammatory drugs, chlorhexidine solutions, mouthwashes with anesthetics and
analgesics, and low-level laser therapy. However, these approaches have limitations such as
delayed effectiveness, burning sensation, and dysgeusia, as well as high costs and the
requirement for specific technical skills (Elad et al., 2020; Oganesyan et al., 2023; Leal et al.,
2024).

Liquid-crystalline systems (LCSs) emerge as a promising strategy for drug delivery in
the oral cavity, offering advantages such as increased mucoadhesion capacity, improved drug
bioavailability, which can reduce application frequency and minimize side effects (Miyashiro
et al., 2020). This system is composed of aqueous and lipid phases, as well as a surfactant. We
hypothesized that it would be possible to prepare a LCPS with a functionalized composition,
including grape seed oil as the lipid phase, and hyaluronic acid and lidocaine hydrochloride as
the aqueous phase. This formulation aims to combine healing, hydration, and analgesic
properties with prolonged action, while also achieving ideal characteristics such as appropriate
viscosity for topical application in the oral cavity, high mucoadhesive capacity, immediate but

sustained permeation of the local anesthetic, and low toxicity.
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Grape seed oil has therapeutic properties with phenolic compounds having antioxidant,
anti-inflammatory, healing, and antimicrobial actions, showing promising potential in the
treatment of OM (Jambi et al., 2019; Singh et al., 2019; Santos et al., 2023). Hyaluronic acid,
not only promotes mucoadhesion but also contributes to essential cellular events in tissue repair
and epithelial renewal (Griesser et al., 2018). Additionally, lidocaine, is a safe and effective
local anesthetic, and has the potential to provide immediate symptomatic relief (Malamed,
2021).

Thus, the objective of this study was to develop and characterize an innovative
formulation for the treatment of OM using a LCPS composed of grape seed oil, hyaluronic acid
with the incorporation of lidocaine hydrochloride with improved mucoadhesive capacity,
sustained permeation ability, and reduced toxicity.

In the supplementary material, detailed test results for a developed conventional lipid
formulation, composed of oleic acid, PPG-5-CETETH-20 surfactant, and water, are available
to better evaluate and compare the results of the formulation under study. These additional data
are provided to offer a comparison between the mucositis formulation and a conventional
formulation, allowing for a more comprehensive assessment of the efficacy and rheological

properties of the new formulation in relation to established standards.

2. MATERIAL AND METHODS
2.1. Development of liquid crystal systems

Firstly, a phase diagram using 40% grape seed oil, 40% PPG-5-CETETH-20
(Procetyl®), and 20% hyaluronic acid dispersion (5%) was constructed following the method
described by Calixto et al. (2018). All formulations remained at room temperature (25°C) to
allow stability and air removal.

None of the combinations resulted in the formation of LCPS as observed in Figure S1.
Therefore, it was decided to include a oleic acid in the lipid phase in order to stabilize the
liquid-crystalline system structure, ensuring the formation of a hexagonal phase (Calixto et al.,
2016; 2018).

New tests were conducted to define the proportion of oleic acid in the oil phase. After
testing different proportions of the oil phase containing grape seed oil and oleic acid since oleic
acid is present in grape seed oil, acts as a stabilizer (Otto et al., 2009) , and is a recognized
component used in drug delivery systems (Calixto et al., 2018) with grape seed oil varying

between 50-95% and oleic acid between 50-5%. Therefore, the proportion of 4:1 (80% grape
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seed oil to 20% oleic acid) was chosen to ensure the required properties. The visual
classification and MLP analysis for determining the best proportion are detailed in the
Supplementary Material.

A new phase diagram was constructed using grape seed oil and oleic acid as the oil
phase, a 5% (w/w) hyaluronic acid dispersion as the aqueous phase, and PPG-5-CETETH-20
(Procetyl®) as the surfactant. At 25 + 5 °C, 54 different proportions varying by 10% (w/w) for
each phase of the systems were used, resulting in the construction of a phase diagram with 54
points.

The oil phase was prepared by manually mixing its components. Subsequently, it was
mixed with the surfactant. Then, the oil phase was slowly poured into the aqueous phase. The
formulation without drugs was defined as F. The formulation with 5% lidocaine hydrochloride
(FL), was prepared in the same way, with the lidocaine being incorporated into the aqueous
phase. All formulations were then stirred using a vortex and a homogenizer and left to rest for
48 hours to stabilize and eliminate bubbles.

After this period, they were visually classified as transparent liquid system (TLS),
transparent viscous system (TVS), translucent liquid system (TLTr), translucent viscous
system (TVTr), opaque system (OS), and phase separation (PS).

The grape seed oil used in this research was acquired from the company Mapric

Produtos Farmacéuticos, Brazil (Batch numberAUTO308147).

2.2. Physicochemical characterization of formulations

2.2.1. Polarized light microscopy (PLM)

After visual classification, the systems were analyzed by PLM. For this, a small aliquot
of the selected systems was placed on a slide, covered with a coverslip, and analyzed under a
polarized light microscope (Leica DM 2000 Optical Microscope) with a 20x magnification
lens. The homogeneity of the dispersion was evaluated and the presence of anisotropy areas
indicative of the presence of LCSs was observed. The analysis was conducted at room
temperature (25 £ 2 °C). Liquid-crystalline systems (LCS) containing Maltese cross were
classified in lamellar, hexagonal, or cubic phases.

After this classification, the phase diagram was redefined in LCS regions, and a LCS
from the diagram was selected for further studies, located in a transition area between lamellar

and hexagonal or cubic liquid-crystal phases, aiming to obtain a proportion that increases
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viscosity upon water addition. Phase diagrams were plotted using SigmaPlot® version 10.0
(Systat Software, USA).

After defining the proportion, artificial saliva was added. Artificial saliva was added
(w/w) to F and FL at 30% (F30 and FL30) and 100% (F100 and FL100). Previous studies tested
various concentrations of saliva to investigate its action in the phase transition of LCS, showing
that phase transitions occurred with 30% and 100% saliva (Dos Santos Ramos et al., 2016).
The artificial saliva (pH 6.8) was composed of 8 g/L of sodium chloride (NaCl), 0.19 g/L of
potassium monobasic phosphate (KH2PO4), and 2.28 g/L of disodium phosphate (Na,HPO4)
(Marques et al., 2011). After the addition of saliva, the systems were visually classified and

analyzed by PLM.

2.2.2. Texture profile analysis

The texture profile of the formulations (F, F30, F100, FL, FL30 e F100) was analyzed
using a TA-XT plus texture analyzer (Stable Micro Systems, UK), from which mechanical
properties such as hardness, compressibility, adhesiveness, and cohesiveness were extracted.
For the test, the viscous formulations (10 g) were placed in conical centrifuge tubes of 50 mL
(Falcon BD®, Franklin Lakes, USA) and centrifuged at 4000 rpm for 3 minutes to remove air
bubbles and smooth the surface. These tubes were then placed under the analytical probe (10
mm diameter) of the texture analyzer programmed to compress the sample at a speed of 0.5
mm/s to a predefined depth (4 mm) and return to the sample surface at the same speed. After a
5-second rest, a second compression was performed under the same conditions. All analyses

were conducted in decaplicate at room temperature ( 25 °C).

2.2.3. Rheological behavior

Rheograms of the systems were obtained using a Discovery HR-1 rheometer - Trios TA
Instruments, using a cone/plate geometry with a 40 mm diameter, 2° angle, and a gap of 52
pm. A sample of three grams of the systems was carefully placed on the lower plate of the

rheometer, and after a 3-minute rest, the analysis began.

2.2.3.1.  Continuous rheological analysis
The shear rate used was 0 to 100 s™* for the ascending curve and 100 to 0 s™* for the
descending curve over 120 seconds each at 37 °C. Consistency and flow indices were
determined by Equation 1 for quantitative flow behavior analysis: © = k - y*n (Equation 1),

[I54)

where “t” is the shear stress, “y” is the shear rate, “k” is the consistency index, and “n” is the
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flow index (Calixto et al., 2015). The analysis was performed with all six (six) independent

samples.

2.2.3.2.  Oscillatory rheological analysis
The oscillatory analysis was conducted using the same rheometer model and the same
plate and gap conditions. First, a stress sweep test was performed to determine the viscoelastic
region. For this test, a shear stress range of 0 to 50 Pa and a frequency of 1 Hz was used. After
determining the 1 Pa stress of the viscoelastic region, a frequency sweep test was conducted to
determine the elastic modulus (G') and viscous modulus (G"). For this test, a frequency range
of 0 to 10 Hz was used at a stress of 1 Pa at 37 °C (Calixto et al., 2018). The analysis was

conducted with all 6 (six) independent samples.

2.2.4. Lidocaine analysis by high performance liquid chromatography (HPLC)

The analytical method used for lidocaine hydrochloride (LDC) quantification in in vitro
release and permeation assays was validated using the parameters: linearity, intra-run and
intermediate precision, accuracy, specificity/selectivity, detection limit, and quantification
limit. The mobile phase used was a 60:40 (v/v) mixture of acetonitrile and 25 mM NH4+OH
adjusted to pH 7.0 with H3PO4 solution at a flow rate of 1.2 mL/min. A reverse-phase column
(150 x 4.6 mm, 5 pm, Phenomenex Gemini C18 — Torrance, California, USA) was used, with
an injection volume of 20 uL and a detector wavelength of 220 nm (Franz-Montan et al., 2015).
The method's linearity was confirmed by a triplicate calibration curve on three different days
with five different lidocaine solution concentrations. The detection and quantification limits

were 0.24 and 0.80 mg/mL, respectively.

2.2.5. Invitro lidocaine release kinetics evaluation

The LDC release study in solution (S-LDC), and LDC incorporated in LCS, i.e., the
teste formulation (FL), was conducted using the Phoenix DB-6 Manual Transdermal System
(Teledyne Hanson® - Chatsworth, California, USA) consisting of Franz diffusion cells
(average size with a permeation diameter of 15 mm and receptor compartment volume of 25
mL). A synthetic cellulose acetate membrane with a molar mass of 12—-14 kDa (Sigma-
Aldrich®) and a receptor solution composed of phosphate-buffered saline (PBS) at pH 7.4 at
37 °C and stirring at 300 rpm were used. The formulations were placed in the ring positioned

in the donor compartment containing approximately 300 mg of formulation. Samples (400 pL)
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were collected from the receptor compartment at predetermined times (15, 30, 45, 60, 90, 120,
150, 180, 240, 300, 360, 420, 720, and 1440 min). The released LDC was quantified by HPLC
using the described method. Different mathematical models were applied to select the LDC
release kinetics (defined by the highest R? value). The data processing software used was

KinetDS 3.0 (Jagiellonian University Medical College, Krakow, Poland).

2.2.6. Preparation of porcine buccal mucosa for in vitro mucoadhesion and

permeation assays

Porcine maxilla was obtained from five-month-old Landrace pigs (Sus scrofa
domestica) weighing between 75 and 80 kg, acquired from Frigorifico Angelelli® Ltda
(certified by the Secretaria da Agricultura e Abastecimento do Estado de Sdo Paulo — SIF
2259). The pieces were transported to the laboratory in phosphate-buffered saline (PBS) (pH
7.4) within 30 minutes after slaughter. The processing of the buccal mucosa followed the
methodology described by Franz-Montan et al. (2016).

Initially, the cheeks were carefully removed from the adjacent tissues using a scalpel
blade, then washed with PBS. The mucosae were subjected to heat treatment in distilled water
at 60 °C for 2 minutes. As reported by Nicolazzo et al. (2003), this thermal treatment is gentle
enough not to alter the histological characteristics of the samples. After this treatment, the
epithelium was meticulously separated from the underlying connective tissue (lamina propria)
using a Molt elevator. Each sample was visually inspected to identify and discard any tissue

presenting injuries.

2.2.7. Invitro permeation assay through porcine buccal epithelium

The in vitro LDC permeation assay of the described formulations (FL; FC) was
conducted using the same equipment described for the release assay.

The prepared porcine buccal epithelium was gently placed on the upper part of the Franz
cell, with the epithelium facing the donor compartment. The formulations were placed in the
dosing ring positioned in the donor compartment of the Franz diffusion cell. Samples were
collected from the receptor compartment at predetermined times (15, 30, 45, 60, 90, 120, 150,
180 min). The permeated LDC was quantified by HPLC using the validated analytical method.

After preparing the tissue and visual inspection, the electrical resistivity (ER) of the
mucosa epithelia was measured by placing them in the Franz cells of the Phoenix DB-6 Manual

Transdermal System (Teledyne Hanson® - Chatsworth, California, USA) at 37 °C.



27

The basal layer of the epithelium was placed in contact with the receptor compartment,
and both the donor and receptor compartments were filled with degassed phosphate-buffered
saline (pH=7.4) at 37 °C.

Ag/AgCl electrodes connected to a Keysight 33220a signal generator (Agilent
Technologies, Barueri, Sdo Paulo, Brazil) and a digital multimeter ET-2053DMM (Minipa,
Sao Paulo, Brazil) were positioned in the donor and receptor compartments, respectively,
allowing the membrane to be positioned between the electrodes. An alternating current of 100
mV (rms) and a frequency of 10 Hz was applied, and the ER was calculated according to Ohm's
law (Equation 1):

DP
_ 2

ER = —= (1)
where DP is the system's potential difference (mV), I is the measured current (A), and A is the

area (cm?).

Only mucosae with ER > 3 kQ/cm? were used in the in vitro permeation assays (de
Aragjo et al., 2021). After ER measurement, the buffer solution in the donor compartment was
replaced with the evaluated formulations. 0.5 g of FL and 0.7 g of FC were placed in the dosing
ring positioned in the donor compartment of the Franz diffusion cell. The permeated LDC was

quantified by HPLC using the validated analytical method.

2.2.8.3 In vitro mucoadhesion study

This assay used a TA.XT Plus texture analyzer — Stable Micro Systems® (Surrey, UK)
to evaluate in vitro the force required to detach the selected systems from the surface of the
porcine buccal mucosa. The mucosa, prepared as described previously, was fixed in a glass
device under the A/MUC probe in contact with artificial saliva at a controlled temperature of
37 °C. The formulations were placed at the lower end of the equipment probe. The test was
performed by lowering the probe at a constant speed (1 mm/s) until the mucosa contacted the
sample. The mucosa and sample were kept in contact for 600 seconds, applying a contact force
of 0.552 N during this time (Pestana et al., 2024). Then, the probe rose at a constant speed (1
mm/s) until detachment between the mucosa and sample occurred. The force required to detach
the mucosa from the sample was obtained and considered as Fmax. The analyses were performed

in 10 replicates.



28

The work of mucoadhesion (Wmu), referring to the force necessary for
mucosa/formulation detachment over time, was calculated from the area under the force versus

time curve (N.s) using the Exponent 6.1.18 software (Stable Micro Systems, Surrey, UK).

2.2.9 In vivo toxicity assay using the hen's egg test - chorioallantoic membrane (HET-

CAM) model

The toxicity test using the CAM (chorioallantoic membrane of the chicken embryo)
was conducted according to protocol and methodology described by the research group using
the HET-CAM model (Bezerra, 2023). This method is based on the use of chicken embryos at
the 10th day of embryonic development when the nervous system is not yet formed, thus
providing a relevant and ethical experimental model to evaluate substance toxicity.

After previous visual inspection, weighing, and incubation, the eggs were evaluated by
ovoscopy (a technique for observing the egg by placing it against a light source, which favors
the visualization of its internal content). Those that did not develop embryos were discarded
from the study. The 90 eggs with embryos had their air chambers marked with a graphite pencil
during ovoscopy.

A window was recorded in each egg within the air chamber area, with a diameter of 1.8
cm. The window was then opened with curved iris scissors. The eggshell membrane covering
the chorioallantoic membrane was moistened with approximately 1 mL of saline solution and
gently removed with conical tweezers to expose the CAM.

The CAM of the chicken embryo and its vascular system were visually evaluated, and
only eggs with intact systems were used. Each substance was applied to 18 eggs for the
toxicological analysis of the following formulations:

- Test formulation: lidocaine incorporated in a liquid-crystalline system based on grape seed
oil and hyaluronic acid: "FL"

- Control formulation: test formulation without the incorporation of lidocaine hydrochloride:
"R

- Positive control I: commercial Lidocaine® ointment 50 mg/g (EMS Pharma): "Lidocaine®"
- Positive control II: sodium hydroxide 1 mol/L solution: "positive control"

- Negative control: 0.9% sodium chloride solution: ""negative control"

Using a stereomicroscope (OPTIKA model SZX-T), the CAM was recorded before and
after treatments, followed by evaluation. The toxicity assessment of the formulations by the

HET-CAM model was conducted using the "endpoint evaluation" method, which analyzes the
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effects of substances over a period of time. In this case, after contact with the substances for
180 seconds, they were removed, and the CAM was analyzed 30 seconds after this process.

Toxic effects were evaluated according to protocol No. 96 of the European Centre for
the Validation of Alternative Methods (ECVAM) titled: Hen's Egg Test on the Chorioallantoic
Membrane (HET-CAM).

Each substance was applied to six eggs for final formulation scoring, with each
substance evaluated in triplicate (n=3), totaling 18 (eighteen) eggs per formulation. The score
for each triplicate was calculated by summing the scores obtained in the six evaluated eggs of
each triplicate. Based on the final score, the substance was classified according to the table

below:

Table 1: Classification of substances using the endpoint evaluation method (Brantom et al., 1997).

Score Classification
0 Non-irritant
<6 Slightly irritant
6<S<12 Moderately irritant
12<S<16 Irritant
>16 Severely irritant

All eggs excluded during the experimental period or at the end of the experiment were
discarded following AVMA Guidelines for the Euthanasia of Animals (2020) through freezing
at -20 °C, placed in white plastic bags, and taken to the biological material disposal site at FOP-

Unicamp.

2.3 Statistical analysis
To evaluate the efficacy and safety of the new liquid-crystalline formulation in the
treatment of oral mucositis, rigorous statistical analysis of the data obtained in the assays was
conducted. Analyzed variables included peak mucoadhesive force, mucoadhesion work,
hardness, compressibility, cohesiveness, adhesiveness, and rheological properties. Data were
presented as mean + standard deviation, and statistical analysis was performed using

parametric and non-parametric techniques appropriate for data distribution.
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One-way analysis of variance (ANOVA) followed by Tukey-Kramer multiple
comparison test was used to evaluate differences between formulations with a 95% confidence
level and p < 0.05 indicating statistically significant differences. For non-parametric data, the
Kruskal-Wallis test followed by a two-stage linear step-up procedure (Benjamin, Krieger, and
Yekutieli) was applied to control the type I error rate in multiple comparisons.

Rheological data analysis was conducted through two-factor independent analysis of
variance with post hoc Bonferroni test, adjusting the significance level for multiple
comparisons, maintaining the error rate at 5%.

The software used for these analyses were GraphPad Prism 9 and IBM® SPSS®

Statistics, ensuring the accuracy and reliability of the results.

3. RESULTS
3.1. Development and structural characterization of formulations

The constructed ternary diagram presents the proportions of the three components: a
mixture of grape seed oil and oleic acid (4:1), PPG-5-CETETH-20, and 5% hyaluronic acid
dispersion, demonstrating the structures formed at different proportions.

Regarding visual classification, a ternary diagram was constructed, demonstrating the
formed systems: transparent and liquid systems were considered TLS, while more viscous
transparent systems with little or no fluidity were termed TVS. Points in the diagram where
translucency and liquidity were observed were termed TRLS, and translucent systems with low
or no fluidity were classified as TRVS. Viscous and opaque systems were termed OVS.
Systems that exhibited phase separation upon mixing specific proportions of surfactant, oil,
and water were termed PS.

Through the construction of the diagram composed of Procetyl®, grape seed oil plus
oleic acid, and 5% hyaluronic acid dispersion (Figure 1A and 1B), the formulation F was
selected, located in a transparent viscous system area and close to a transition region
maintaining the viscous system with increasing aqueous phase, with a proportion of 40% oil
phase, 40% surfactant, and 20% aqueous phase.

The incorporation of lidocaine in F maintained this behavior and visual appearance; i.e.,
the diluted formulations FL30 and FL100 were more viscous than FL. According to the
microscopic images (Figure 1C), F was classified as liquid-crystalline due to the streaks
visualized by polarized light microscopy. This characteristic of F was maintained with the

incorporation of lidocaine (FL). Moreover, after dilution with 30% artificial saliva, F30 became
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a cubic liquid-crystalline system, evidenced by a dark field, as well as F diluted with 100%
artificial saliva (F100).

The microscopic structure of FL30 and FL100 was not altered after lidocaine
incorporation, as the photomicrographs of FL30 and F100 also showed a dark field. Thus, FL30
and F100 were also classified as cubic liquid-crystalline systems. The composition and

classification of all formulations are in Figure 1D.
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Figure 1. A) Phase diagram with 54 different proportions of the test formulation composition, discriminating the visual classification. B) Phase diagram with 54 different
proportions of the test formulation composition, discriminating the formed structures with classification by PLM. C) Photomicrographs of test formulations: F; F30; F100; FL;
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incorporation. FL is the liquid-crystalline system with 5% lidocaine hydrochloride. F30 and FL30 are F and FL with 30% artificial saliva, and F100 and FL100 are F and FL
with 100% artificial saliva, respectively.
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3.2. Texture profile and rheological analysis

The texture analysis profiles (F, F30, F100, FL, FL30 e FL100) are shown in Figure
2A. The test formulation (F) is characterized as a viscous formulation, with its viscosity
increasing with dilution with 30% (F30) and 100% saliva (F100), with F30 being the most
viscous among the three conditions (p<0.05), resulting in greater hardness compared to F100
and even more so than the base formulation F. Similarly, F30 resulted in greater hardness
(p<0.05) among the studied samples. These values are consistent with the compressibility study
of the samples, with F30 requiring greater force incidence (p<0.05) for its compression,
followed by FL.

The highest cohesion value were found in the samples of the formulation with 100%
saliva, with the highest value (p<0.05) obtained in the analysis of F100 and FL100,
respectively. F and FL are the formulations with the lowest viscosity (p>0.05) among those
studied. However, this parameter increased with the increasing concentration of artificial
saliva, with formulations diluted by 30% being the most viscous, with F30 showing the highest
value. Finally, the addition of lidocaine decreased the average values (p>0.05) of mechanical
properties compared to the formulation without the drug.

The qualitative analysis of the rheograms illustrated in Figure 4B and 4C. In the
continuous rheology (Figure 4B), the test formulation with lidocaine incorporated at its original
concentration (FL) demonstrated Newtonian fluid behavior. This suggests that the formulation
has constant viscosity regardless of shear rate, which is important to ensure uniform application
to the oral mucosa.

When the test formulation was diluted with 30% saliva (FL30), the Newtonian fluid
behavior was maintained. This is a positive indication, suggesting that the formulation
maintains its rheological stability even when exposed to a simulated oral mucosa environment.

When the test formulation was diluted with 100% saliva (FL100), a change in
rheological behavior was observed, indicating pseudoplastic fluid. This means that the
viscosity of the formulation decreases with increasing shear rate, which can be beneficial for
more effective application and spreading on the oral mucosa.

Thus, FL and FL30 exhibited characteristic Newtonian flow curves (n=10), while
FL100 exhibited a characteristic pseudoplastic flow curve (n<10). Regarding FL, based on data
analysis, it is important to highlight that this sample demonstrates Newtonian behavior at low
to intermediate shear rates, where the relationship between stress and shear rate is linear.

However, at higher shear rates, the formulation begins to exhibit pseudoplastic behavior,
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suggesting that its viscosity decreases as the shear rate increases. This indicates that FL can be
classified as Newtonian under normal application conditions, but with pseudoplastic tendencies
under higher stress conditions. This rheological profile offers significant benefits to the patient,
providing an initial smooth and controlled application, ensuring that the product uniformly
covers the oral mucosa without dripping. As pressure or movement increases, the decrease in
viscosity facilitates the spreading of the product with less effort, reducing discomfort and
minimizing irritation. Therefore, it is recommended that the patient initially apply the product
gently on the mucosa to ensure even coverage, and then lightly rub it to further facilitate
spreading, taking advantage of the shear-thinning effect provided by its pseudoplastic behavior.

The formulation without lidocaine (F) initially showed pseudoplastic fluid behavior;
however, with increasing shear rate, it exhibited constant deformation like a Newtonian fluid.
F30 exhibits non-Newtonian fluid behavior. The curve of F100 shows a decrease in shear stress
after a certain point, indicating a thixotropic, non-Newtonian behavior. The saliva dilutions
presented plastic behavior.

The data showed that both the formulation and the artificial saliva, as well as the
interaction of the two variables, had a significant effect on all continuous rheological
parameters (p<0.00001, two-factor ANOVA). In general, dilution with 30% saliva increased
(p<0.00001) the consistency index, yield stress, and thixotropy of the formulations, followed
by dilution with 100%. Thus, the continuous rheological analysis of the formulations showed
that both formulation and saliva concentration significantly impact continuous rheological
parameters (p<0.0001). The test formulations exhibited Newtonian behavior at the original
concentration and with 30% saliva, while the formulation with 100% saliva showed
pseudoplastic behavior.

The oscillatory rheological analysis (Figure 4C) is essential to understand the
viscoelastic behavior of fluids under different conditions, particularly relevant for formulations
intended for oral mucosa. The test formulation with lidocaine (FL) demonstrated viscoelastic
liquid behavior (G”>G’). This indicates that the formulation exhibits both liquid and solid
properties, being able to deform and recover its initial structure.

When the formulation was diluted with 30% saliva (FL30), the viscoelastic liquid
behavior was maintained. This suggests that it retains its viscoelastic properties even when
exposed to a simulated oral mucosa environment. When diluted with 100% saliva, the
formulation (FL100) continued to show viscoelastic liquid behavior. This is advantageous for

effective application and spreading on the oral mucosa. However, shortly after, it exhibited a
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change in its rheological behavior, presenting as a viscoelastic solid (G’>G”). This suggests a
structural transition in the formulation, which can be more resistant to deformation.

For all functional formulations, increasing saliva concentration significantly increased
G’ and G’ values (p<0.0001). Samples with lidocaine incorporation had lower values
compared to samples without lidocaine (p<0.0001) For the formulation with lidocaine, in
general, adding 30% and 100% saliva increased the average values of loss modulus G™’.

In this regard, the oscillatory rheological analysis of the formulations demonstrated that
both formulation and saliva concentration significantly affected storage and loss moduli
(p<0.0001). The original (F) and 30% saliva formulation (F30) exhibited viscoelastic liquid
behavior, while the 100% saliva formulation showed a transition to viscoelastic solid behavior.
High G’ and G”’ values in lidocaine and saliva formulations indicate a greater capacity to store

and dissipate energy, reflecting better adhesion and mechanical resistance.
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3.3. In Vitro release Kkinetics, permeation and mucoadhesion assays (LDC)

The analytical curve proved to be linear over the proposed range (5,0 - 200,0 pg.mL"),
as shown by the linear regression coefficient (R?) of 0.9998, demonstrating an acceptable data
fit to the regression line (y = 13012 x - 14785). The method showed precision with a relative
standard deviation of less than 2% and accuracy within the range of 98% to 102%, ensuring
that the measured values are close to the true or nominal values. The method's sensitivity for
lidocaine quantification was expressed by the analytical curve slope and the LQ and LD values
0f 0.313 pg/mL and 0.094 pg/mL, respectively.

The release profiles illustrated in Figure 3A were determined by the percentage
relationship of released LDC concentrations over time. The results show that when in solution
(S-LDC) lidocaine exhibited rapid and nearly 100% complete lidocaine release within the first
24 hours. This is typical of solutions where the drug is readily available for release without
significant physical barriers.

When incorporated in the liquid-crystalline system, lidocaine exhibited the slowest and
most gradual release rate. The initial release was significantly lower but steadily increased over
time, indicating controlled and prolonged lidocaine release. This result can be particularly
beneficial for treating chronic conditions where maintaining stable therapeutic lidocaine levels
is desired over longer periods without frequent re-administration.

Mathematical modeling was employed to fit the formulations' kinetics using different
models (zero-order, first-order, Korsmeyer-Peppas, Higuchi, and Weibull) as described in
Figure 3B. For this case, the Weibull model was the best fit with the highest R* value,
presenting a b value greater than 1.

This suggests that the release system does not follow simple first-order kinetics but
rather a more complex behavior where the release rate is initially slow and accelerates as time
progresses. This can be advantageous in applications where a gradual increase in drug release
is necessary to achieve effective therapeutic concentrations in a controlled and sustained
manner.

This pattern can be associated with several physical phenomena, such as the erosion of
the polymeric matrix, where the material degrades exponentially, increasing the surface area
available for drug diffusion or swelling, as shown by the formulation. This behavior suggests
that the developed liquid-crystalline formulation has the potential to provide sustained

symptom relief, meeting the clinical needs of this scenario.
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The permeation profiles of the commercial (FC) and the liquid-crystalline system (FL)
through porcine buccal mucosa and the permeation parameters are reported in Figure 3C and
3D, respectively. The results show that FL exhibited a lower flux with a shorter lag time
(p<0.05), suggesting immediate and sustained release.

The results of the mucoadhesive properties can be observed in Figures 3E and 3F.
Regarding mucoadhesive work (Figure 3E), the formulation with lidocaine (FL) presented the
highest mucoadhesive work value. The formulations with lidocaine and added saliva (FL30
and FL100) showed slightly reduced values compared to FL, but still significantly higher than
the formulations without lidocaine. The formulations without lidocaine (F, F30, F100) had
significantly lower mucoadhesive work values (p>0.05). Additionally, the addition of saliva to
the formulation with and without lidocaine also slightly reduced the mucoadhesive work
values, with the lowest values attributed to the 30% sample (F30 and FL30) (p>0.05).

The analysis of variance (ANOVA) revealed that both the formulation and the saliva
concentration had a significant effect on the mucoadhesive work values (p<0.05). However,
the interaction between formulation and saliva was not significant (p>0.05), suggesting that the
effect of saliva on mucoadhesive work is consistent across different formulations.

Regarding mucoadhesive peak force (Figure 3F), the formulations without lidocaine (F,
F30, F100) again presented significantly lower values (p>0.05). The formulation with lidocaine
(FL) had the highest mucoadhesive peak force value. The formulations with lidocaine and
added saliva (FL30 and FL100) showed a slight reduction in peak force compared to FL, but
still maintained higher values compared to the formulations without lidocaine. The analysis of
variance (ANOVA) also showed that both the formulation and the saliva concentration had a
significant effect on mucoadhesive peak force (p<0.05). The interaction between formulation
and saliva was significant (p<0.05), indicating that the mucoadhesive peak force response
varies according to the specific combination of formulation and saliva concentration.

Observing the formulation without lidocaine (F), the mucoadhesive peak force and
mucoadhesive work values were significantly lower, suggesting that the incorporation of
lidocaine may have significantly altered the mucoadhesive properties. This is evident when
comparing the samples with lidocaine (FL) to the formulations without the drug. These results
suggest that the presence of lidocaine substantially increases mucoadhesion, while the addition
of saliva slightly decreases this property, but not to the point of equaling the formulations

without lidocaine.
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Figure 3. A) Lidocaine release profile in solution (S-LDC) and LDC incorporated in LCS — Test formulation (FL). B) Adjusted parameters of kinetic models used in lidocaine
release. C) Lidocaine permeation profile through porcine buccal epithelium incorporated in FL and FC. D) Calculated kinetic parameters from lidocaine permeation profiles.
FC is the commercial lidocaine formulation; FL is the test formulation of the liquid-crystalline system with 5% incorporated lidocaine (*p<0,05). E) Mucoadhesion work. F)
Mucoadhesive peak force (F, F30, F100, FL, FL30, FL100, Fao, Fao30, Fao100, FLao, FLa030, FLao100) (Two-factor ANOVA). F is the liquid-crystalline system without
lidocaine incorporation. FL is the liquid-crystalline system with 5% lidocaine hydrochloride. F30 and FL30 are F and FL with 30% artificial saliva, and F100 and FL100 are F
and FL with 100% artificial saliva, respectively. FC is the commercial lidocaine formulation 50mg/g EMS ointment.
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3.2.8 In Vivo Biological Assays Using the Hen's Egg Test - Chorioallantoic Membrane

(CAM) Model

The results from the experiments are shown in the Figure 4. Left images show
micrographs (Figure 4A to J) aspects of chorionallantoic membrane before (left side) and after
(right side) treatments. Formulation toxicity classification using the CAM model, according to
ECVAM protocol N°96 is illustrated in Figure 4K.

The lidocaine formulation (FL) presented a degree of irritation, showing a distinct
response compared to the negative control group, where no signs of irritation were observed.
However, this irritation was significantly lower compared to the positive control group, which,
as expected, showed an irritant response. In the FL formulation, there was no evidence of
significant irritation or damage to the membrane. Only mild signs of irritation were observed,
such as increased blood flow and small areas of hemorrhage. These effects were minor
compared to those observed in the positive controls.

It is noteworthy that the tested formulation (FL) was classified as "moderately irritant,"
similar to the commercial Lidocaine® formulation. This suggests that the observed irritant
effects are possibly attributable to the components of the liquid crystalline system (LCS), such

as the surfactant used (Procetyl), and not exclusively to the lidocaine
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Formulation  Replica  Final Replica Score Substance Toxicity Classification
1 13
Positive control 2 15 Irritant
3 16
1 0
Negative control 2 0 Non-irritant
3 0
1 12
Lidocaine® 2 7 Moderately irritant
3 10
1 7
F 2 7 Moderately irritant
3 7
1 6
FL 2 7 Moderately irritant
3 7

Figure 4. Left images- Initial photograph of the CAM before application. Right images - Final photograph of the CAM 3 minutes after application of treatments, showing the
effects of the substance on the CAM. (A/B) Positive control. (C/D) Negative control. (E/F) Lidocaine®. (G/H) Formulation "F". (I/J) Formulation "FL". K) Formulation toxicity
classification using the CAM model, according to ECVAM protocol N°96. Positive control is the 1 mol/L sodium hydroxide solution; Negative control is the 0.9% sodium
chloride solution; Lidocaine® is the commercial Lidocaine® ointment 50 mg/g (EMS Pharma); F is the test formulation of the liquid-crystalline system without lidocaine, and
FL is the test formulation of the liquid-crystalline system with 5% lidocaine hydrochloride.
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4. DISCUSSION

The present study successfully described for the first time a liquid crystalline system
based on grape seed oil, hyaluronic acid and lidocaine as an innovative approach for the
treatment of oral mucositis. The inclusion of grape seed oil in nanostructured systems, such as
nanoemulsions and nanoemulgels, has been described for its rejuvenating and healing
properties (Vilas Boas de Almeida et al., 2023). These benefits are attributed to its high content
of omega-6 fatty acids and vitamin E, which are well known for their anti-inflammatory and
antioxidant properties (Oliveira et al. 2024).

However, it was not possible to obtain a liquid crystalline system using only these
components. This difficulty could be attributed to the high lipophilic load of grape seed oil,
which may have hindered the formation of the system (Miyashiro et al., 2020). It is important
to note that the structures formed are highly dependent on the chemical composition of the
solvents and surfactants (Kunieda et al., 1998). In this case, the characteristics of the added
emollients, such as grape seed oil, promote changes in the formed micelles, influencing the
formation of liquid crystal geometries (Terescenco et al., 2018). The presence of highly
lipophilic molecules can alter the solubility of the components in the system, affecting the
distribution of water and the organization of lipids. If the solubility of the components is
compromised, the orderly structure of liquid crystals may not form adequately (Kunieda et al.,
1998; Terescenco et al., 2009).

To address this issue, oleic acid was then introduced. Oleic acid is commonly used in
liquid crystalline system (Calixto et al., 2016; 2018; Miyashiro et al., 2020) and is known to
act as stabilizer. Additionally, it is naturally present in grape seed oil (Arruda, Moreira, 2021).
The new oily phase of the system was formulated with a high percentage of grape seed oil to
maintain the stability of the active ingredients (Otto et al., 2009).

On the other hand, hyaluronic acid has been previously incorporated into liquid crystal
systems for corneal gene therapy, as described by Abelha (2012). Additionally, De Castro
(2022) reported its use in in situ gelling systems, combined with indomethacin, for the
treatment of ocular lesions. Thus, hyaluronic acid stands out not only for its moisturizing
properties but also for its fundamental role in cell biology, justifying its inclusion in the
formulation developed in the present study.

Another important component of the formulation developed in the present study is
lidocaine, which has been widely used in mouthwashes and as a standalone anesthetic, is

effective in relieving pain in patients with oral mucositis (Chaveli-Lopez et al., 2016; Sant Ana
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et al., 2020; Elad et al., 2020). We have opted to include it at 5% as it was previously
demonstrated to promote pain relief in patients with oral mucositis in concentration range
between 2% and 5% (Brasil et al., 2012; Sant'Ana et al., 2020).

The obtained formulation was able to maintain its structure with the incorporation of
lidocaine hydrochloride in the aqueous phase of the system. Additionally, the formulation
exhibeted desirable physicochemical characteristics, including improved mucoadhesion and
slow permeation in porcine buccal mucosa.

The ratio of 40% oil phase (grape seed oil and oleic acid — 4:1), 40% surfactant
(Procetyl®), and 20% aqueous phase (hyaluronic acid dispersion) resulted in a viscous
formulation, characterized with the presence of streaks visualized by PLM throughout the
sample. According to Chorilli et al. (2009), this characteristic indicates system stability. In fact,
the resulting formulation showed no conformational changes in its internal structure 24 hours
after preparation and resting. Moreover, it did not have its structure modified when combined
with saliva, as demonstrated in other similar systems that used the same surfactant and oleic
acid (Calixto et al., 2018; Miyashiro et al., 2020; Victorelli et al., 2020; Calixto et al., 2021).

The increase in water content from saliva allowed greater mobility of the polar groups
of Procetyl®, causing disorder in the lipid chain and increasing the volume of the hydrophobic
chain. Despite this, the strong hydrogen interactions kept the area of the polar groups constant
as previously demonstrated (Borgheti-Cardoso et al., 2015; Marena et al., 2020; Victorelli et
al., 2020).

Nevertheless, a transition behavior from a liquid-crystalline structure to a cubic
structure was observed due to water absorption, as demonstrated in the 30% and 100% saliva
dilutions (FL30 and FL.100), with a tendency to occur in situ. This behavior can be explained
by the critical packing parameter (CPP) of the combined lipids used (grape seed oil and oleic
acid), which relates to the properties of the surfactant, such as the area of the polar group,
volume, and length of the apolar chain. These factors influence the curvature of the polar-apolar
interface and, consequently, the type of liquid crystal formed (Souza et al., 2014 Marena et al.,
2020).

The addition of substances to the system, such as drugs, solvents, co-solvents, and other
solutes, can alter the critical packing parameter (CPP), modifying the formed mesophase and/or
promoting phase transitions (Guo et al., 2010). Highly hydrophobic molecules, like the grape
seed oil used in the study, favor the formation of cubic and hexagonal phases (Shah et al.,

2001). In the study, it was observed that FL spontaneously formed a liquid crystalline system
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(LCS) with a hexagonal mesophase, and after water absorption (FL30 e FL100), transitioned
to a cubic mesophase, corroborating the results of Shah et al. (2001). This occurs because the
presence of lipophilic molecules increases the volume of the lipid's hydrophobic chain and,
consequently, the CPP, favoring cubic and hexagonal phases (Souza et al., 2014). The
transition to the cubic phase generally occurs with 20-25% water absorption, which, being
viscous, limits additional water uptake and promotes rapid swelling of the formulation (Souza
etal., 2014).

From a pharmaceutical perspective, the mesophase behavior, showing a transition from
hexagonal to cubic in all dilution variations, with and without drug incorporation, is very
promising for the topical administration of drugs in the oral cavity. The changes in CPP values
induced by excess water also imply rheological changes in the mesophases, as already
described in the literature (Engstrom & Engstrom L, 1992) and confirmed in the present study.
Thus, the developed formulation remained viscous in in situ conditions, i.e. in the presence of
artificial saliva, with improved in vitro mucoadhesion, corroborating previous studies, such as
Calixto et al. (2023), which used mucoadhesive liquid crystal precursor systems for the
development of a formulation intended for oral cancer topical treatment. This aspect is
clinically essential to overcome the limitations of the oral cavity and ensure retention at the site
of action, which is crucial for the efficacy of topical formulations intended for oral cavity use.

This study reveals that in liquid crystalline systems (LCS), the spacing between lamellar
layers or hexagonal micelles allows greater penetration and retention of water, as seen in the
case of lidocaine containing liquid crystalline formulation, which originally exists in a
hexagonal mesophase. This phase is more flexible for structural reorganization upon contact
with water, facilitating absorption. The cubic structure formed by water absorption is more
compact, with interconnected channels offering less space for water incorporation. This was
demonstrated by Kumar et al. (2004), who observed that the cubic mesophase, with its dense
three-dimensional structure, has a lower capacity for water incorporation. This aspect is
important because water absorption implies the swelling of the system, which likely likely
occurs at the application site, influencing its release profile as demonstrated by other authors
(Burrows et al., 1994; Chang & Bodmeier, 1997b; Lara et al., 2005; Shah & Paradkar, 2007;
Souza et al., 2014).

When evaluating the obtained texture profile results, the lidocaine-containing liquid
crystalline formulation, with or without saliva showed a decrease in the mechanical properties
such as viscosity, adhesiveness, hardness, compressibility, and cohesion. This decrease is

consistent with findings from previous studies investigating the impact of drugs on the physical
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properties of LCS and lipid formulations, as reported by Calixto et al. (2018, 2021).
Furthermore, studies such as those by Miiller and Miiller-Goymann (1986) demonstrated that
lidocaine can act as a plasticizing agent, increasing the mobility of molecules within the liquid
crystal matrix, resulting in reduced hardness and cohesiveness. Additionally, the introduction
of lidocaine can interfere with intermolecular interactions of surfactants, as observed in the
research by Siqueira Leite et al. (2018), which discussed the disruption of molecular packing
due to the presence of hydrophilic drugs. These interactions can lead to a reorganization of the
structure, making the matrix less resistant to external forces. Consequently, the decrease in the
mechanical properties of the formulations with lidocaine observed in this study reflects an
expected trend and is consistent with the literature, reinforcing the need to optimize the
composition of formulations to balance drug delivery efficacy and maintain desirable
mechanical properties for topical application.

Regarding rheology measures, the developed lidocaine-containing liquid crystalline
formulation exhibited Newtonian fluid behavior. This characteristic is important to ensure
uniform application on the oral mucosa, as it indicates that the formulation's viscosity remains
constant regardless of the shear rate. These findings corroborate previous studies that
highlighted the importance of viscosity in the stability and efficacy of lipid formulations
(Calixto et al., 2018; Victorelli et al., 2020). This behavior was maintained despite the presence
of 30% saliva, indicating that the formulation maintains its rheological stability even when
exposed to a simulated oral mucosa environment. This result is consistent with the cited
literature and suggests that the formulation is robust enough to withstand variations in the
application environment. This characteristic is especially relevant since patients undergoing
cancer treatment (chemotherapy and/or radiotherapy) often experience reduced salivary flow
(Silva et al., 2022).

However, when diluted with 100% saliva, we observed a change in rheological
behavior, indicating pseudoplastic fluid characteristics. This means that the formulation's
viscosity decreased with increased shear rate, but tends to become more viscous again after the
shear force ceases, which can be beneficial for more effective application and spreading on the
oral mucosa of patients with normal salivary flow, with the viscosity returning upon cessation
of topical application tension. This observation is supported by previous studies that
emphasized the importance of adapting the rheological behavior of formulations to oral mucosa
conditions (Chorilli et al., 2016). In the present study, formulations containing lidocaine

presented ideal rheological characteristics in different saliva proportions, indicating suitible
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properties for topical application in the oral cavity with different salivary flows, as previously
addressed (Kim et al., 2015).

Analyzing the viscoelastic response of the formulations, we observed that the developed
formulation demonstrated viscoelastic liquid fluid behavior (G”>G’), indicating the presence
of both liquid and solid properties. This characteristic is advantageous as it allows the
formulation to deform and recover its initial structure, facilitating its application on the oral
mucosa, as previously addressed (Lee et al., 2019; Wang et al., 2016). These characteristics
were maintained even when diluted with 30% and 100% saliva (FL30 and FL.100), suggesting
that the formulation was able to preserve its viscoelastic properties even in a simulated oral
mucosa environment. This observation is consistent with previous studies that emphasized the
stability of formulations under similar conditions (Calixto et al., 2018; Souza et al., 2014).
However, with the higher saliva proportion (100%), the formulation exhibited viscoelastic
solid behavior (G’>G"). This suggests a transition in the formulation structure, making it more
resistant to deformations, findings that corroborate with studies by Lee (Lee et al., 2019) and
Wang (Wang et al., 2016). This fact may be particularly relevant for patients with normal saliva
flow, as the formulation's increased resistance means saliva would not easily remove the
formulation, making adhesion more effective and stable at the application site. Thus, it would
better overcome the barrier imposed by saliva flow in such patients.

These findings align with mucoadhesion results. Despite the presence of lidocaine have
decreasing the maximum mucoadhesive force, the formulation showed higher mucoadhesion
work. Together, the obtained mucoadhesion properties are above the adequate mucoadhesive
values (peak force > 0.587 N and mucoadhesion work > 0.468 N.s) as determined in the same
experimental conditions for a well-known mucoadhesive commercial formulation (Pestana et
al., 2024). These results indicate that the developed formulation presents satisfactory in vitro
mucoadhesiveness and may also have clinical adherence to the application site.

Moreover, previous studies have shown that formulations with a high degree of internal
rigidity can impair the interaction between the formulation and biological membrane proteins,
as the interpenetration between polymers and mucosa proteins is a key factor in mucoadhesion
(Carvalho et al., 2014; Salmazi et al., 2015). This characteristic corroborates the results found
in this research, as formulations without lidocaine incorporation exhibit greater hardness, as
demonstrated in the texture profile test, showing lower average mucoadhesion work values
when compared to formulations containing drug incorporation.

Regarding in vitro release kinetics, lidocaine release was described by the Weibull

model, as already demonstrated in studies using this drug in LCS and/or precursor systems
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(Calixto et al., 2018). The transport of lidocaine from the lidocaine solution (S-LDC) occurred
predominantly by Fickian diffusion, considering a b-value less than 0.75, as described by
Rodero et al. (2018). In contrast, the developed liquid crystalline formulation presented a b-
value greater than 1, suggesting that lidocaine release is due to a complex mechanism involving
multiple processes such as diffusion, swelling, and erosion. This behavior can be attributed to
the liquid crystal structure, which, besides allowing drug diffusion, also undergoes swelling
and possible matrix erosion, as previously evidenced (Kim et al. 2015). This characteristic can
contribute to a sustained therapeutic effect, which is aligned with the objectives of the present
study.

Similarly, lidocaine permeation across porcine buccal mucosa revealed both immediate
and slow permeation, as seen in the in vitro release experiment using artificial membrane. This
rapid onset of permeation can be attributed to the presence of oleic acid in the formulation,
which acts as a permeation enhancer, as previously verified in studies (Calixto et al., 2016;
Calixto et al., 2018). Additionally, this characteristic is advantageous when immediate drug
action is needed (Wang et al., 2022). The low flux observed for lidocaine is desirable in
sustained release systems, allowing the anesthetic effect to be maintained for a prolonged
period, enabling longer intervals between applications. Specifically, in the treatment of oral
mucositis, Yarom et al. (2020) emphasize the importance of formulations providing quick and
lasting symptomatic relief, contributing to improved quality of life for cancer patients.

On another note, evaluating the toxicity of the test formulation is necessary to verify
possible toxicity caused by both the local anesthetic and other components of the new proposed
formulation, such as the surfactant. The model using the chorioallantoic membrane (CAM) of
the chicken embryo is a promising toxicity evaluation model for this purpose since the CAM
is composed of easily accessible veins, arteries, and capillaries (Victorelli et al., 2020),
allowing in vivo evaluation of substance toxicity at low cost. Moreover, it is an alternative
method that does not cause pain to the animals involved, as the tests occur before the fourteenth
day of embryonation, and the neuronal structures for pain perception are not yet formed
(Tavakkoli et al., 2020). In this perspective, Bresciani et al. (2016) corroborate, mentioning
that the use of CAM offers a robust approach to investigate the toxic effects of compounds
without the need for experimentation on more advanced mammalian animals, contributing to
reducing the use of animals in scientific research. This method has already been used to study
the toxicity of other topical formulations for oral cavity use, such as commercial toothpaste
(Corrado et al., 2012) and to evaluate a liquid crystal formulation containing an innovative

peptide for oral cancer treatment (Calixto et al., 2021).
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The results of the present study revealed that the liquid crystalline system (LCS)
formulation composed of grape seed oil and hyaluronic acid with or without incorporated
lidocaine received a classification of "moderately irritating," similar to that obtained with the
corresponding commercial formulation widely used in dentistry (Boyce et al., 2016).
Moreover, the commercial Lidocaine® formulation has been clinically used for over seven
decades (Jeske, 1998; Donaldson & Goodchild, 2018) and since then, it has been considered
the most widely used local anesthetic in medicine and dentistry in most countries where it is
marketed, representing the gold standard for comparison (Malamed, 2021).

It is worth mentioning that there are reports in the literature that the CAM method may
generate overestimated responses regarding the toxicity of a substance compared to those found
in human oral mucosa (Corrado et al., 2012). This can be justified due to the morphological
differences between these tissues. Histologically, the CAM is composed of two epithelial layers
surrounding a thin stroma layer, where blood vessels are located (Nowak-Sliwinska, 2014).
The human oral mucosa, on the other hand, has a lining epithelium (keratinized or non-
keratinized) and underlying connective tissue, separated by a basement membrane (Li et al.,
2018). Thus, the CAM is more susceptible to the possible effects of test substances, having a
simpler morphology with fewer protective layers, making it a more sensitive model to the
irritating effects of topical formulations. Therefore, the "moderately irritating" effect exerted

by the formulations developed in this study may be potentially safe clinically.

5. CONCLUSION

In conclusion, the study developed an innovative formulation for the treatment of oral
mucositis, composed of a liquid crystalline system with grape seed oil, oleic acid, PPG-5-
CETETH-20 (Procetyl®) as a surfactant, hyaluronic acid, and lidocaine. The formulation
presented ideal and promising characteristics for the treatment and symptomatic relief of the
condition. It demonstrated appropriate viscosity, high mucoadhesive capacity, immediate and
sustained permeation of the anesthetic, and toxicity similar to the commercial product. These
results represent a significant contribution to health and science, offering a promising

perspective for future in vivo evaluation using an oral mucositis animal model.
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SUPPLEMENTARY MATERIAL

1. DEVELOPMENT OF A LIQUID CRYSTAL SYSTEM

Initially, a pilot test of the formulation composition was evaluated using the surfactant
polyoxypropylene (5) polyoxyethylene (20) cetyl ether, that is, Procetyl®, grape seed oil, and
water. However, the mixture of these three components in different 54 proportions combining
visual and PML classification did not result in the formation of a liquid crystal system, as the
microscope images were of a dark field, and liquid systems with phase separation were
basically formed. The same behavior was observed when hyaluronic acid, characterized as the
dispersion component chosen for the aqueous phase, was added.

Upon examining both the structure of grape seed oil and its solubility characteristics as
well as the surfactant and critical packing parameter, oleic acid was added to the oily phase.

Tests conducted with the study of the oily phase proportions defined an 80% grape seed
oil and 20% oleic acid ratio (4:1) as shown in Table 1, ensuring a high percentage of the first
and sufficient quantity of the second to guarantee the formation of the structure, and

additionally presented a more viscous texture based on visual and PML classification analysis.

Proportion of grape

Microscopic Visual
seed oil — oleic acid Microscopic Image
Classification Classification
(%)
50 -50 Maltese cross Cubic LC SVTr
75-25 Maltese cross Cubic LC SVTr
80-20 Stretch marks Hexagonal LC SVT
85-15 Stretch marks Hexagonal LC SLT
90-10 Dark Field - SLT
95-5 Dark Field - SLT

Table 1. Proportion of the oily phase composition (%), microscopic and visual classification of the formed
systems.

The non-immediate formation of liquid crystal can be explained by the critical packing
parameter (CPP) (Otto Plessis & Wiechers, 2009). The high polarity of the grape seed oil
components as previously reported (Miyashiro et al., 2020) and its molecular structure possibly
influenced the CPP, preventing the formation of a liquid crystal system, necessitating the
adjustments made in the present study. Oliveira et al. (2024) demonstrated that the combination

of oleic acid can promote stability to grape seed oil.
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2. CONTROL FORMULATION OF CONVENTIONAL LIPID
2.1. Material and Methods
2.1.1. Development of the formulation

In the present study, for comparison purposes, a conventional lipid formulation was
developed to evaluate the results of the LC system against a formulation without the
spontaneous formation of the system. The conventional formulation consisted solely of oleic
acid, a commonly used component in pharmaceutical formulations as a vehicle or excipient.
This formulation was included in the study as a control group to assess the relative efficacy of
the test formulation. The formulation had the same proportion of the phases of the test
formulation, in this case, 40% oily phase, 40% surfactant, and 20% aqueous phase.

The formulations were obtained following the method carried out by Calixto et al.
(2018). The diagram was constructed using oleic acid as the oily phase, water as the aqueous
phase, and the same surfactant, Procetyl®, resulting in the formation of 54 points. Similarly,
the control formulation was characterized using techniques such as polarized light microscopy,
swelling tests in artificial saliva, rheological studies, release kinetics, permeation capacity, and

in vitro mucoadhesion.

2.2. Results

2.2.1. Development of liquid crystal systems and characterization of the formulations

The diagram was constructed following the same protocol established for the test
formulation, selecting the phase diagram point corresponding to the same proportion of the test
formulation.

The conventional lipid formulations composed of Procetyl®, oleic acid, and water
selected the formulation — Fao — a control formulation with the same phase proportion as the
test formulation, i.e., 40% oily phase (oleic acid), 40% of the same surfactant, and 20% aqueous
phase (water), characterized as located in a translucent liquid system area and near a transition
region from liquid system to viscous system with increasing aqueous phase.

The control formulation Fao increased viscosity from dilution with 30% and 100%
artificial saliva. The same behavior was observed with the incorporation of lidocaine.
Formulations with lidocaine were less viscous compared to those without lidocaine.

Based on microscopic and visual characterization, Fao was classified as a
microemulsion due to the isotropic dark field image characteristics visualized by polarized
light microscopy, as illustrated in Figure 1 along with visual classification as translucent liquid.

This characteristic was altered upon dilution with 30% and 100% saliva (Fao30 and Fao100),
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becoming a viscous system and still showing dark field in microscopy, indicating the formation

of a liquid crystal system in the cubic mesophase.

With the incorporation of lidocaine (FLao), the behavior as a precursor of the liquid

crystal system was maintained; however, with 30% saliva dilution (FLao30), there were signs

of lamellar mesophase formation, as indicated by the Maltese crosses in PML, with

rearrangement to cubic mesophase upon dilution with 100% saliva (FLao100).

The behavior observed in the microscopy can be seen in the images and is arranged in

figure 1.

Fao0100

FLao0100

. Faze Aqgueous Dilution Visual Microscopic
C Eormulaion Furfatiant oleoza ghase Medium Drug Claszsification C]assiﬁcaﬂon
Procetyl® (::::’E Water A;:]i:a; Lidocaine

Fac 40 40 20 - - BLTr ME

Fao30 40 40 20 30 - sSVO Cubic

Faol00 40 40 20 100 - SVO Cubic
FLao 40 40 20 - 5 SLTr ME

FLao30 40 40 20 30 5 SVO Lamelar
FLaolQD 40 40 20 100 3 VO Cubic

Figure 1. A) Phase diagram with 54 different proportions of the control formulation composition with
classification by PML. B) Photomicrographs of the control formulations (conventional lipid): Fao; Fao30;
Fao100; FLao; FLa030; FLao100. Magnification of 20x. The red arrows point to the formation of Maltese
crosses. C) Composition (%, w/w), visual and microscopic classification of the test formulations. Fao is the
control formulation of conventional lipid, a precursor system of liquid crystal without the incorporation of
lidocaine. FLao is the control formulation of conventional lipid, a precursor system of liquid crystal with 5%
lidocaine hydrochloride. Fao30 and FLao30 are Fao and FLao with 30% artificial saliva, and Faol00 and
FLa0100 are Fao and FLao with 100% saliva, respectively.
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2.2.2. Texture profile analysis and determination of rheological behavior

The texture profile analysis charts are shown in sequence. The control formulation is
characterized as a liquid formulation, with viscosity increasing with 30% and 100% saliva
dilution (Fao30 and Fao100), with Fao100 being the most viscous among the three conditions
(p<0.05), resulting in higher hardness and compressibility compared to Fao30 and even more
so than the original Fao formulation.

The most cohesive formulation among the control variations studied was the base
formulation without saliva dilution and with lidocaine incorporation (FLao) (p<0.05).

Fao and FLao are the formulations with the lowest viscosity (p>0.05) among the ones
studied, and thus they do not have significant adhesiveness values. However, these
formulations diluted with 30% saliva began to present values for the mechanical parameters,
which generally increased with the concentration of artificial saliva.

The addition of lidocaine decreased the mean values (p>0.05) of the mechanical
properties compared to the drug-free formulation, making the formulation more cohesive.

The qualitative analysis of the rheograms (rheological continuous) illustrated in Figure
2 showed that the control formulation with and without lidocaine incorporation (Fao, FLao,
and FLao100) presented as Newtonian fluids. However, the other formulations showed non-
Newtonian fluid behavior.

Fa030, Faol00, and FLa030 demonstrated non-Newtonian pseudoplastic behavior.
Furthermore, it was clearly demonstrated that the addition of saliva gradually reduced the flow
behavior index values, increasing the pseudoplasticity of the formulations. On the other hand,
the difference between the polymers did not interfere with this behavior.

Data showed that both the formulation and artificial saliva, as well as the interaction of
the two variables, have a significant effect on all continuous rheological parameters (p<0.0001,
two-factor ANOVA).

Overall, dilution with 30% saliva increased (p<0.0001) the consistency index, yield
stress, and thixotropy of the formulations, followed by dilution with 100%. Thus, the
continuous rheological analysis of the formulations showed that both the formulation and the
saliva concentration have a significant impact on continuous rheological parameters
(p<0.0001).

About oscillatory rheology, the control formulation of conventional lipid, the Fao and
FLao formulations, demonstrated viscoelastic behavior and were classified as viscoelastic

liquids with gel characteristics in their dilutions. This behavior is interesting for its application
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in the oral cavity as it allows good adhesion to the mucosa and controlled drug release. The
viscoelastic nature of the formulations is advantageous as it provides a suitable consistency to
keep the formulation in the treatment area, while saliva dilutions provide a transition to the gel
state, further improving adhesion and contact time with the mucosa.

Thus, the oscillatory rheological analysis of the formulations showed that both the

formulation and the saliva concentration significantly affect the storage and loss moduli

(p<0.0001).
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Figure 2. A) Texture Profile. Mechanical properties: Hardness; Compressibility; Adhesiveness; Cohesion.
Control Formulation (Fao, Fao30, Fao100 - FLao, FLa030, FLa0o100). *(p<0.05) (One-way ANOVA test with
Tukey post-test at a significance level of 0.01%, n=10. B) Flow curves (shear stress versus shear rate) of the
formulations. Standard deviations were omitted for clarity. Data were collected at 37 & 0.5 °C. The coefficient of
variation of the triplicate analyses was below 10%. (ANOVA with Games Howell post-test. Significance level
adopted was 0.05). C) Variation of storage modulus G’ and loss modulus G’ as a function of frequency for all
formulations. Standard deviations were omitted for clarity. Data were collected at 37 + 0.5 °C. The coefficient of
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variation of the triplicate analyses was below 10%. (ANOVA with Games Howell post-test. Significance level
adopted was 0.05). Fao is the control formulation of conventional lipid, a precursor system of liquid crystal
without lidocaine incorporation. FLao is the control formulation of conventional lipid, a precursor system of liquid
crystal with 5% lidocaine hydrochloride. Fao30 and FLao30 are Fao and FLao with 30% artificial saliva, and Fao
and FLao100 are Fao and FLao with 100% saliva, respectively.

2.2.3. InVitro release kinetics, permeation and mucoadhesion assays (LDC)

The release profiles illustrated in Figure 3. The FLao sample, the control formulation
of conventional lipid, reaches an almost complete release, but the release profile is more
gradual compared to S-LDC. Despite a slower initial release in the first few hours, it accelerates
and reaches near 100% saturation within 24 hours. This kinetics offers a balance between onset
of action and duration, which may be suitable for applications requiring moderately rapid
release and prolonged coverage.

Mathematical modeling was employed to fit the kinetics of the formulations using
different models (zero-order, first-order, Korsmeyer-Peppas, Higuchi, and Weibull) as
described in figure 3. In this case, the Weibull model best fit with the highest R

For the control formulation considering the higher determination coefficient value (R?),
FLao (R?=0.9926) was best described by the Weibull model with the shape parameter (b) less
than 1, indicating that FLao releases lidocaine through Fickian diffusion, which posits that the
drug flux goes from regions of high concentration to regions of low concentration, with a
magnitude proportional to the concentration gradient. In this context, the control formulation
(FLao), with characteristics of a liquid crystal precursor but originally a microemulsion,
showed a faster release of lidocaine, probably due to its water absorption capacity and its
composition with oleic acid. The permeation profile of FLao through porcine buccal mucosa
and as well as the permeation parameter value for lidocaine is shown in figure 3.

The control formulation FLao had an intermediate flux among those tested, with a
longer latency time indicating slower and delayed permeation. Based on these data, it was
found that the control formulation also presents a slow and sustained permeation, with a rapid
yet not immediate onset, as it spontaneously does not form a liquid crystal but is characterized
as a precursor system and contains oleic acid, which is a permeation enhancer.

The mucoadhesive properties results can be seen in Figure 3. The control formulation
had a marginal impact on the properties when considering the original formulation with
incorporated lidocaine for the formulation diluted in 30% saliva, i.e., it marginally decreased
the average values of mucoadhesive peak force and work of all formulations (p>0.05). The
formulation diluted in 100% saliva showed similar results, yet with lower average values

compared to the test formulation.
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Figure 3: A) Release profile of lidocaine incorporated in the control formulation of conventional lipid (FLao). B)
Adjusted parameters of the kinetic models used in the lidocaine release. C) Permeation profile of lidocaine through
porcine buccal mucosa epithelium incorporated in FLao. D) Kinetic parameters calculated from the lidocaine
permeation profiles. E) Mucoadhesive Work. F) Mucoadhesive Peak Force (Fao, Fao30, Fao100, FLao, FLao30,
and FLa0100) (two-factor ANOVA). Fao is the control formulation of conventional lipid, a precursor system of
liquid crystal without lidocaine incorporation. FLao is the control formulation of conventional lipid, a precursor
system of liquid crystal with 5% lidocaine hydrochloride. Fao30 and FLao30 are Fao and FLao with 30% artificial
saliva, and Fao100 and FLao100 are Fao and FLao with 100% saliva, respectively.
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3. CONCLUSAO

O presente estudo evidenciou a viabilidade da incorporagao da lidocaina em um sistema
liquido cristalino composto por 6leo de semente de uva e acido oleico como fase oleosa, acido
hialurénico e da lidocaina na fase aquosa, juntamente com PPG-5-CETETH-20 (Procetyl®)
atuando como tensoativo. Esse sistema apresentou aumento na viscosidade e a formagdo de
sistemas liquidos cristalinos cubicos com a progressiva incorporacdo de agua presente na
saliva. Avaliagdes reologicas, mecanicas e mucoadesivas revelaram uma formulacao
estruturada e mucoadesiva quando a saliva e a lidocaina foram incorporadas. Em estudos in
vitro, a formulagdo apresentou liberagao e permeacao através de mucosa bucal suina controlada
e lenta do anestésico local. E finalmente, apresentou toxicidade semelhante a formulagdo
comercial em modelo de membrana corioalantéica do embrido de galinha (CAM). Em
conjunto, estes resultados sugerem que a formulagdo desenvolvida possui potencial para ser
avaliado quanto a sua capacidade de proporcionar analgesia e cicatrizacdo de lesdes de
mucosite oral em modelo in vivo. Tais achados sao promissores, pois as caracteristicas
identificadas para a formulacdo desenvolvida sdo clinicamente desejaveis com potencial para

promover eficacia clinica.
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