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ABSTRACT

The action of drugs on the oral mucosa can be improved through delivery systems that provide longer local 
residence time for the treatment of diseases or procedures in the oral cavity. The aim of this study was to de-
velop poloxamer-chitosan hydrogel formulations containing eugenol, based on poloxamer 407 20% (w/w) 
and chitosan 1% (w/w), namely: poloxamer-hydrogel (HP), poloxamer-chitosan hydrogel (HPQ), poloxa-
mer-chitosan hydrogel with eugenol 1% (w/w) (HPQEU1); poloxamer-chitosan hydrogel with eugenol 2% 
(w/w) (HPQEU2); and poloxamer-chitosan hydrogel with eugenol 4% (w/w) (HPQEU4). The characteriza-
tion were made by sol/gel transition (Tsol/gel), pH, spreadability, rheology and texture, turbidimetry, drug 
quantification by UV-Vis spectrophotometry and stability test. The Tsol/gel were 29.33 ± 0.57, 29.66 ± 0.7, 
25.33 ± 0.57, 19.33 ± 0.57 °C for HP, HPQ, HPQEU1, HPQEU2, respectively. Hydrogels with chitosan 
exhibited pH of 5.3. HPQEU1 and HPQEU2 showed elastic behavior, spreadability and texture profile 
suitable for oral application. The stability study evidenced storage at 5 ± 2 °C as favorable. HPQEU1, 
HPQEU2 and HPQEU4 were able to adhere to the mucosa evidenced by ex vivo pig cheek model. Thus, 
thermoresponsive hydrogels may constitute effective alternatives for localized delivery of eugenol to the 
oral mucosa, a remarkable feature in dental clinical practices.
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RESUMO

A ação de fármacos na mucosa oral pode ser aprimorada por meio de sistemas de liberação que proporcio-
nem maior tempo de permanência local para o tratamento de doenças ou procedimentos na cavidade oral. O 
objetivo deste estudo foi desenvolver formulações de hidrogel de poloxamer-quitosana contendo eugenol, 
baseadas em poloxamer 407 20% (p/p) e quitosana 1% (p/p), a saber: hidrogel de poloxâmer (HP), hidrogel 
de poloxamer-quitosana (HPQ), hidrogel de poloxamer-quitosana com eugenol 1% (p/p) (HPQEU1); hi-
drogel de poloxamer-quitosana com eugenol 2% (p/p) (HPQEU2); e hidrogel de poloxamer-quitosana com 
eugenol 4% (p/p) (HPQEU4). A caracterização foi realizada por meio da transição sol/gel (Tsol/gel), pH, 
espalhabilidade, reologia e textura, turbidimetria, quantificação do fármaco por espectrofotometria UV-Vis 
e teste de estabilidade. Os valores de Tsol/gel foram de 29,33 ± 0,57, 29,66 ± 0,7, 25,33 ± 0,57 e 19,33 ± 
0,57 °C para HP, HPQ, HPQEU1 e HPQEU2, respectivamente. Os hidrogéis com quitosana apresentaram 
pH de 5,3. HPQEU1 e HPQEU2 demonstraram comportamento elástico, espalhabilidade e perfil de textura 
adequados para aplicação oral. O estudo de estabilidade evidenciou que o armazenamento a 5 ± 2 °C é 
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favorável. HPQEU1, HPQEU2 e HPQEU4 foram capazes de aderir à mucosa, conforme demonstrado pelo 
modelo ex vivo em bochecha de porco. Assim, os hidrogéis termossensíveis podem constituir alternativas 
eficazes para a administração localizada de eugenol na mucosa oral, uma característica notável nas práticas 
clínicas odontológicas.

Palavras-chave: Sistema de liberação de fármaco; Mucosa oral; Biopolímeros; Administração local; Odontologia.

1. INTRODUCTION

In the search for alternatives to oral drug ad-
ministration, topical delivery via the buccal mu-
cosa presents a promising route for the sustained 
release of therapeutic agents1. The buccal mucosa 
offers several advantages, including a highly vas-
cularized, non-keratinized stratified epithelium that 
enables enhanced local permeability and direct ac-
cess to systemic circulation, thus bypassing hepatic 
first-pass metabolism and gastrointestinal degrada-
tion. Additionally, the buccal route is characterized 
by ease of access and reduced enzymatic activity. 
However, limitations such as short residence time 
and inadequate absorption hinder clinical utility. 
Therefore, the development of suitable mucoadhe-
sive formulations is essential to enhance drug reten-
tion and ensure sustained therapeutic effect at the 
site of application2,3.

Mucoadhesive drug delivery systems represent 
a non-invasive approach capable of prolonging re-
sidence time and improving bioavailability for both 
local and systemic effects4. These systems may es-
tablish intimate contact with the mucosal surface, 
interacting with the mucus layer and mucin mole-
cules to enhance drug absorption and therapeutic 
efficacy5. Effective mucoadhesive formulations 
must demonstrate increased contact with the muco-
sal surface, followed by a consolidation phase cha-
racterized by adequate spreadability and swelling, 
promoting firm adhesion and sustained release6. 
Additionally, such systems must exhibit suitable 
mechanical properties, resistance to salivary clea-
rance, and protection of the drug against enzymatic 
degradation in the buccal environment3.

Hydrogels, composed of hydrophilic homo- or 
copolymer networks, can swell in the presence of 
aqueous or physiological fluids and allow for con-
trolled swelling kinetics. Their three-dimensional 
structure, formed via physical or chemical cross-
linking, enables drug entrapment and release7. In 

situ gelation is induced by environmental triggers 
such as pH, temperature, or ionic strength8. Polo-
xamer 407, a non-ionic triblock copolymer of poly 
(ethylene oxide) and poly (propylene oxide), exhi-
bits thermoreversible gelation and forms micellar 
structures at physiological temperatures9. Although 
considered safe and widely used in various phar-
maceutical formulations (oral, ophthalmic, intrave-
nous, topical), poloxamer 407 alone lacks adequa-
te mucoadhesive strength and requires additional 
agents to improve retention at the application site10. 
Studies have shown that its combination with ac-
tive molecules such as levodopa can modify the 
gelation temperature and enhance bioadhesive pro-
perties, with sol–gel transitions ranging from 22 to 
31 °C depending on concentration, in comparison 
with non-modified poloxamer formulations at 15 to 
35 °C sol-gel transition9,11.

Chitosan, a biodegradable and biocompatible 
biopolymer, demonstrates cationic behavior in aci-
dic environments, forming electrostatic complexes 
with negatively charged biological surfaces. Its bro-
ad bioactivity, including antibacterial, antifungal, 
antitumoral, and antioxidant effects, combined with 
its non-decreasing mucoadhesive performance over 
time without inactivation in the presence of mucin, 
makes it an attractive polymer for transmucosal 
drug delivery12,13.

Previous studies on buccal films containing 
miconazole nitrate have shown that chitosan–hy-
droxypropylmethylcellulose-based films provi-
ded superior mucoadhesion and enhanced drug 
dissolution compared to the free drug14. Eugenol 
(4-allyl-2-methoxyphenol), widely used for its lo-
cal anesthetic and anti-inflammatory properties, has 
emerged as a candidate for the treatment of oral 
diseases such as gingivitis and periodontitis. These 
conditions require a formulation capable of delive-
ring effective concentrations of therapeutic agents 
with prolonged residence time and minimal side ef-
fects—criteria that synthetic compounds alone fail 
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to meet. Due to its lipophilic nature, eugenol requires formulation strategies that improve its retention, 
spreadability and absorption at the application site15.16,17,18.

In this context, mucoadhesive in situ gelling hydrogels represent an effective strategy for buccal drug 
delivery. The present study aimed to develop and evaluate a poloxamer–chitosan-based hydrogel incorpo-
rating varying concentrations of eugenol. The formulation was designed for buccal applications, with the 
goal of achieving suitable mechanical strength, mucoadhesion, and extended retention time for the local 
treatment of oral diseases.

2. MATERIAL AND METHODS

2.1 MATERIAL

Eugenol (≥ 99% purity, Sigma-Aldrich, MO, USA), Poloxamer 407- Lutrol® F127 [Poly (ethylene 
glycol) – co – poly (propylene glycol) – co – poly (ethylene glycol)], Sigma- Aldrich (Steinheim, Ger-
many), Chitosan – Chitosan [β-(1,4) -2-acetamido – D-glucose and β-(1,4) -2-amino – D-glucose] (Fagron, 
São Paulo, Brazil), Glacial acetic acid P.A. (Dinâmica Química, São Paulo, Brazil); Deionized water by 
reverse osmosis (Gehaka, model OS10LX, São Paulo, Brazil), Ethanol 96ºGL (All Chemistry, São Paulo, 
Brazil); Potassium sorbate (Embrafarma, São Paulo, Brazil).

2.2 PREPARATION OF HYDROGELS

Hydrogel base formulations were prepared, in triplicate, composed of the copolymer poloxamer 
407 - Lutrol® F127 20% (w/w) and potassium sorbate 0.2% (w/w) in ice-cold purified water, according 
to a previously proposed methodology8.

To prepare the poloxamer-chitosan (HPQ) hydrogel, chitosan (1%, w/w) was initially dissolved 
in a 1% (v/v) glacial acetic acid solution with constant homogenization (500 rpm) until gel formation. 
Afterwards, poloxamer 407® was added to the chitosan solution and homogenized. The formulations 
were kept in closed containers, protected from light and in the refrigerator (4 °C), for 24 h, until a 
clear solution was formed. Subsequently, eugenol was incorporated into the formulations HPQEU1, 
HPQEU2 and HPQEU4, as shown in Table 1.

Table 1 – Chemical composition of hydrogels in percentage (%).

HP HPQ HPQEU1 HPQEU2 HPQEU4

Components (%, w/w)

Poloxamer 407® 20 20 20 20 20

Potassium sorbate 0.2 0.2 0.2 0.2 0.2

Chitosan ------ 1 1 1 1

Acetic acid ------ 1 1 1 1

Purified water (qsp) 100 g 100 g  100 g  100 g  100 g

Eugenol ------ ------ 1 2 4
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2.3 CHARACTERIZATION OF THE HYDROGELS

The organoleptic characterization was evaluated through the parameters of color, odor and appearance. 
The transition of the liquid phase (Sol) to the gel phase (Tsol/gel) was verified with 10 g of samples in test 
tubes with an internal diameter of 10 mm, being initially subjected to 4 °C and followed by heating in a 
water bath. Every 2 °C, the samples were analyzed visually. The Tsol/gel was determined when the liquid 
sample in the tube presented itself as a motionless solid phase at the bottom of the tube19.

The pH of the hydrogels was determined with a calibrated potentiometric meter, at room temperature, 
24 hours after preparation. For the turbidimetric assay, the hydrogels, without dilution, were analyzed in a 
UV-VIS spectrophotometer at a wavelength of 650 nm to determine %T. The sample readings were deter-
mined by adjusting the %T of water to 100% (blank)19.

2.4 STABILITY STUDY

The study of hydrogels stability was carried out in accordance with international guidelines20 through 
physicochemical analyses. Initially, the hydrogels (10 g) were centrifuged at room temperature at 3000 rpm 
for 30 minutes. The stability test was carried out at different storage temperatures, for 30 days, in sealed 
packaging (plastic tubes). The characteristics evaluated were those mentioned above at times 1, 7, 15, and 
30 days. The percentage of eugenol content and the percentage of loss were also determined.

2.5 SPREADABILITY EVALUATION

The spreadability of the hydrogels was assessed at 30 °C, according to the thermoresponsive behavior 
and by methodology described, using graph paper and a glass slide21. 50 mg of the sample was applied to 
the center of the slide, and subsequently glass slides of determined mass were added to the sample, with 
their respective diameters measured. The procedure was followed, always at 1-minute intervals, adding 
weight as shown in Table 2. The spreadability determination was designated by the equation:

Ei = (d2 x π) / 4, where

Ei = spreadability of the sample for weight i in mm2

d = average diameter (mm)

Table 2 – Spreadability measurement and weight of glass slides.

Measures Weight of glass slides

1ª Glass slide 1 (4.780 g)

2ª Glass slide 1 (4.780 g) + glass slide 2 4.745 g

3ª Glass slide 1 (4.780 g) + glass slide 2 4.745 g + glass slide 3 5.011 g

4ª Glass slide 1 (4.780 g) + glass slide 2 4.745 g + glass slide 3 5.011 g + glass slide 4 4,968 g

2.6 RHEOLOGICAL EVALUATION	

Rheological characterization was performed using an oscillatory rheometer, and the procedures were 
calibrated through the TRIOS® software at a temperature range of 15–60 °C with a heating rate of 5 °C/min. 
The samples were positioned in the center of the lower plate. The values ​​of the elastic or storage mode (G’ in 
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Pa), viscous or loss mode (G’’ in Pa) were obtained. The analyses of hardness, compressibility, adhesiveness, 
cohesiveness and elasticity of the in situ hydrogel formulations were determined using a texture analyzer8.

2.7 EUGENOL QUANTIFICATION

To quantify the drug, spectrophotometric scanning (UV-Vis) was performed at wavelengths from 200 
to 400 nm to identify the wavelength of maximum absorption of eugenol (λ max). For this purpose, a eu-
genol solution (100 mg/mL) was prepared in ethanol/water, 60/40 (v/v). The analytical curve of eugenol 
was determined by linearity (n=3), through eugenol concentrations at 5, 10, 15, 20, 25, 30 and 35 μg/mL.

To determine the eugenol content in the formulations, solutions of samples HPQEU1, HPQEU2 and 
HPQEU4 were prepared at the following concentrations: HPQEU1 1:200, v/v (5 μg/mL); HPQEU2 1:100, 
v/v (10 μg/mL); HPQEU4 1:50, v/v (20 μg/mL), using ethanol/water solution (60/40, v/v). The readings 
in UV-Vis spectrophotometer were made at appropriate wavelength after scanning. The eugenol contained 
in the formulations was determined through the equation extracted from the analytical curve. The analyses 
were carried out in triplicate.

2.8 EX VIVO MUCOAHESION STUDY

The ex vivo mucoadhesion test of the in situ hydrogels was performed using a texture analyzer with 5 
kg load cell, 32 mm aluminum cylindrical probe, and a mucoadhesive support8. The buccal mucosa (1.5 cm2 
samples) was obtained from the cheek of a freshly slaughtered pig, after removal of all muscle and other 
tissues. The buccal mucosa was frozen at -20 °C and packaged in plastic film and aluminum foil (This type 
of biological sample is exempt from review by an animal research ethics committee). At the time of the 
experiment, the buccal mucosa was thawed at room temperature in saline solution.

The mucosa was fixed with cyanoacrylate glue in a glass container (Paladon jar) and positioned on the 
plate heated to 37 °C, at the lower end of the probe. The mucosa was moistened with artificial saliva over 
its entire surface. Afterwards, the hydrogels (HP, HPQ, HPQEU1, HPQEU2 and HPQEU4) were applied to 
mucosa. A constant contact force of 0.5 N was maintained for 120 s on the mucosa/mucoadhesive system. 
After this time, the equipment raised the probe at a constant speed until the system was separated to obtain 
measurements of interest. Using a force-distance graph (mN/mm), the separation force was measured, in-
dicating the mucoadhesive performance of the samples.

2.9 STATISTICAL ANALYSIS

For statistical analysis, GraphPad Prisma software version 5 was used. Data were expressed as per-
centage or mean ± standard deviation (SD). Data for physicochemical characterization were analyzed by 
one-way analysis of variance (ANOVA) followed by Newman Keuls post-hoc test. Data for stability was 
analyzed by a two-way analysis of variance (ANOVA) followed by Bonferroni post-hoc test. The signifi-
cance level was p < 0.05.

3. RESULTS 

3.1 CHARACTERIZATION OF HYDROGELS

The HP and HPQ hydrogels presented a homogeneous semi-solid, odorless and translucent appe-
arance. The HPQEU1, HPQEU2 and HPQEU4 hydrogels presented a homogeneous semi-solid appea-
rance, slightly yellowish color and characteristic odor (eugenol). Opacity was observed for HPQEU2 
and HPQEU4 (Figure 1).
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Figure 1 – Organoleptic characteristics of hydrogels.

Legend: poloxamer 407® hydrogel (HP), poloxamer 407® hydrogel with chitosan (HPQ), poloxamer 407® hydrogel with 
chitosan + eugenol 1% (w/w) (HPQEU1), poloxamer 407® hydrogel with chitosan + eugenol 2% (w/w) (HPQEU2), poloxamer 
407® hydrogel with chitosan + eugenol 4% (w/w) (HPQEU4).

3.2 SOL → GEL TRANSITION (T SOL/GEL)

For the HP and HPQ formulations, the T sol/gel was 29.33 ± 0.57 and 29.66 ± 0.7 °C, respectively. For 
the formulations containing eugenol, HPQEU1 and HPQEU2, the results changed significantly (p<0.05) to 
25.33 ± 0.57 and 19.33 ± 0.57 °C, respectively. HPQEU4 did not change its physical state in the tempera-
ture range evaluated (4 to 50 °C).

3.3 pH

The pH values ​​of the hydrogel formulations HP and HPQ were 6.49 ± 0.04 and 5.33 ± 0.02, respecti-
vely. The values ​​of the formulations containing eugenol such as HPQEU1, HPQEU2 and HPQEU4 were 
5.35 ± 0.02; 5.37 ± 0.02 and 5.40 ± 0.01, respectively.

3.4 TURBIDIMETRIC EVALUATION

HPQEU1, HPQEU2 and HPQEU4 showed transmittance values of 34.56 ± 0,6%, 30.66 ± 0.61% and 
16,53 ± 0.46%, respectively, disclosing increased turbidity in relation to the base formulations (72.83 ± 
0.25 % for HP and 48.13 ± 0.40 for HPQ) with their turbidimetry values ​​being proportional to the increase 
in eugenol concentration in the formulations (p<0.05).

3.5 STABILITY STUDY

After centrifugation, no phase separation and/or changes in the physical characteristics of the formula-
tions were observed, with the initial appearance maintained, thus, suitable for stability testing. The evalua-
tion of the organoleptic characteristics of the hydrogels at different temperatures for 30 days is presented 
in Table 3.
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Table 3 – Macroscopic evaluation of the hydrogels stored in different temperatures for 30 days.

5 ± 2 ºC 25 ± 2 ºC  45 ± 2 ºC

Days Days Days

Hydrogels 1 7 15 30 1 7 15 30 1 7 15 30

HP N N N N N N N N N N LA LA

HPQ N N N N N N N LA N LA LA LA

HPQEU1 N N N LA N N LA LA N LA LA LA

HPQEU2 N N N LA N N LA LA N LA LA LA

HPQEU4 N N N LA N N LA LA N LA LA LA

Legend: poloxamer 407® hydrogel (HP), poloxamer 407® hydrogel with chitosan (HPQ), poloxamer 407® hydrogel with 
chitosan + eugenol 1% (w/w) (HPQEU1), poloxamer 407® hydrogel with chitosan + eugenol 2% (w/w) (HPQEU2), po-
loxamer 407® hydrogel with chitosan + eugenol 4% (w/w) (HPQEU4). N = normal, no changes; LA = slightly changed; 
IM = intensely changed.

At 5 °C, the HP and HPQ hydrogels were stable for 30 days. The formulations containing eugenol 
maintained the same initial characteristics until the 15th day of storage. However, on the 30th day, they 
presented slight changes in color and appearance. At room temperature, the hydrogels HPQ, HPQEU1, 
HPQEU2 and HPQEU4 presented changes in their organoleptic characteristics from the 15th day of 
storage. For the samples containing eugenol, the yellow color became more intense with increasing 
turbidity. At 45 °C, the hydrogels HPQ, HPQEU1, HPQEU2 and HPQEU4 presented changes in their 
organoleptic characteristics from the 7th day of storage, with only the hydrogel HP presenting changes 
from the 15th day of storage.

The graphs presented in Figure 2 display a comparison of the pH variation during the evaluated 
period.
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Figure 2 – Values of pH for the hydrogels stored at 5 °C (A), 25 °C (B) e 45 °C (C) for 30 days.

Legend: poloxamer 407® hydrogel (HP), poloxamer 407® hydrogel with chitosan (HPQ), poloxamer 407® hydrogel with 
chitosan + eugenol 1% (w/w) (HPQEU1), poloxamer 407® hydrogel with chitosan + eugenol 2% (w/w) (HPQEU2), polo-
xamer 407® hydrogel with chitosan + eugenol 4% (w/w) (HPQEU4). 
p < 0.001 = *** (compared to HP).
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Related to the pH values ​​of the formulations when stored at 5 °C (Figure 2A), it was noted that the pH 
remained close to 5 during the evaluated period, demonstrating stability. The same was true for the formula-
tions stored at room temperature (Figure 2B). Despite slight acidification in the formulations stored in oven, 
the pH remained constant (Figure 2C).

The turbidimetric evaluation of the hydrogels subjected to different storage conditions (Table 4) shows 
the oscillation of transmittance as a function of time and storage condition. The formulations showed incre-
ased turbidity due to the increase in the concentration of lipophilic substances and the tendency for micelles 
due to the polymeric surfactant of the hydrogel. Meanwhile, there was no significant difference throughout 
the storage period, evaluating each formulation individually for storage in the refrigerator and at room tem-
perature. Fluctuations in transmittance were observed in the formulations stored in oven.

Table 4 – Turbidimetric evaluation of the hydrogels stored in different temperatures for 30 days.

Formulations

Days HP HPQ HPQEU1 HPQEU2 HPQEU4

5 ± 2 ºC

%T ± SD

1 75,71 ± 0,38 49,57 ± 0,71 36,56 ± 0,47 31,57 ± 0,10 16,44 ± 0,14

7 74,19 ± 0,29 48,58 ± 0,35 36,24 ± 0,66 30,94 ± 0,57 16,11 ± 0,65

15 72,71 ± 0,35 47,85 ± 0,35 35,87 ± 0,62 30,32 ± 0,59 15,79 ± 0,50

30 70,53 ± 0,13 46,89 ± 0,21 34,79 ± 0,62 29,72 ± 0,42 15,48 ± 0,36

25 ± 2 ºC

%T ± SD

1 72,80 ± 0,59 48,13 ± 0,30 35,56 ± 0,44 30,66 ± 0,37 16,53 ± 0,11

7 69,16 ± 0,31 46,20 ± 0,36 34,13 ± 0,60 29,74 ± 0,26 15,86 ± 0,43

15 66,39 ± 0,43 44,81 ± 0,49 33,61 ± 0,09 28,84 ± 0,16 15,55 ± 0,14

30 64,40 ± 0,47 43,47 ± 0,43 32,12 ± 0,64 28,28 ± 0,62 15,08 ± 0,49

45 ± 2 ºC 

%T ± SD

1 71,34 ± 0,35 46,85 ± 0,60 34,49 ± 0,43 30,05 ± 0,56 16,06 ± 0,35

7 69,20 ± 0,14 45,91 ± 0,51 33,80 ± 0,36 29,29 ± 0,59 15,55 ± 0,35

15 67,12 ± 0,25 44,99 ± 0,62 33,12 ± 0,44 28,71 ± 0,60 15,24 ± 0,09

30 65,11 ± 0,27 44,09 ± 0,33 32,46 ± 0,42 27,85 ± 0,28 14,70 ± 0,65

Legend: poloxamer 407® hydrogel (HP), poloxamer 407® hydrogel with chitosan (HPQ), poloxamer 407® hydrogel with 
chitosan + eugenol 1% (w/w) (HPQEU1), poloxamer 407® hydrogel with chitosan + eugenol 2% (w/w) (HPQEU2), polo-
xamer 407® hydrogel with chitosan + eugenol 4% (w/w) (HPQEU4).
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The eugenol content during the storage in the formulations HPQEU1, HPQEU2 and HPQEU4 kept 
with a loss of 5% of the initial value20 for HPQEU1 after 30 (5 °C), 15 (25 °C) and 7 (45 °C) days. For 
HPQEU2, a significant loss was observed from the 15th day of storage in the refrigerator and at room tem-
perature. For storage in oven, the significant variation in loss occurred from the 7th day. HPQEU4 was the 
formulation that presented suited values ​​within the recommended range, with losses during storage in the 
refrigerator and at room temperature, around 5%. This variation is due to the higher eugenol concentration 
in the formulation. However, oven storage resulted in over 5% eugenol loss by the 15th day.

3.6 SPREADABILITY EVALUATION

The spreadability values ​​of the hydrogels are presented in Table 5. The analysis was performed at a 
temperature above the T sol/gel for all formulations (30 ºC), mimicking the temperature of the formulation 
at the application site.

Table 5 – Spreadability evaluation of the hydrogels

HP HPQ HPQEU1 HPQEU2 HPQEU4

Weight (g) Average area (mm2) ± SD

4,780 78,50 ± 9,51 78,50 ± 9,51 50,24 ± 6,8 50,24 ± 0 50,24 ± 0

9,525 78,50 ± 9,51 78,50 ± 0 50,24 ± 0 50,24 ± 6,8 50,24 ± 6,8

14,536 113,04 ±10,4 113,04 ± 0 78,50 ± 9,51 78,50 ± 0 78,50 ± 9,51

19,504 153,86±12,23 113,04±10,42 113,04 ± 0 78,50 ± 9,51 78,50 ± 9,51

Legend: poloxamer 407® hydrogel (HP), poloxamer 407® hydrogel with chitosan (HPQ), poloxamer 407® hydrogel with 
chitosan + eugenol 1% (w/w) (HPQEU1), poloxamer 407® hydrogel with chitosan + eugenol 2% (w/w) (HPQEU2), polo-
xamer 407® hydrogel with chitosan + eugenol 4% (w/w) (HPQEU4).

When comparing the values ​​between the base formulations – HP and HPQ and the formulations con-
taining eugenol – HPQEU 1, 2 and 4, a decrease in the spreadability of the latter was observed. Hydrogels 
HPQEU2 (T sol/gel 19.33 ± 0.57 ºC) and HPQEU4 (no transition value) presented lower spreadability 
values. The differences between T sol/gel values, as well as spreadability values ​​between the base formu-
lations HP and HPQ, may be related to the addition of positively charged chitosan and due to the change 
in the surface charge of the polymeric micelles. Therefore, considering the spreadability characteristics of 
all formulations, linked to the results of the sol/gel transition analysis, the HPQEU1 formulation (T sol/gel 
25.33 ± 0.57 ºC) proved to be the most favorable formulation, including the attribution of retention capacity 
at the application site without loss of material.

3.7 RHEOLOGICAL STUDY

The rheological behavior of the hydrogels (Figure 3) was studied through oscillatory measurements to 
determine their viscoelastic properties. The elastic modulus was greater than the loss modulus at all applied 
frequencies, indicating the presence of a stable gel suitable for application to the oral mucosa.
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Figure 3 – Rheological analysis of the hydrogels: HP (A); HPQ (B); HPQEU1 (C); HPQEU2 (D) e o HPQEU4 (E).

Legend: G’(storage modulus): elastic or storage modulus in blue; G” (loss modulus): viscous or loss modulus in green.

3.8 TEXTURE PROFILE

The analysis of the texture profile of hydrogels provides the mechanical properties of the oral semi-
-solid formulations, which should have appropriate mechanical properties such as lower hardness and 
compressibility and higher adhesiveness, cohesion and elasticity. The results for texture analysis are 
shown in Table 6.
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Table 6 – Mechanical properties of the hydrogels

Formulations

Hardness 

(N) ± SP

Compressibility

(N. s-1) ± DP

Adhesivene

ss

              (N.s-1) ± DP 

Cohesivene

ss

 ± DP

Elasticity

± DP

HP 3,87 ±0,005 26,05 ±0,064 29,56 ±0,352 1,044 ±5,85 0,981 ±0,001

HPQ 4,30 ±0,015 30,62 ±0,041 30,79 ±0,994 0,983 ±0,003 0,977 ±0,002

HPQEU1 4,46 ±0,01 34,93 ±0,036 31,53 ±0,11 0,955 ±0,001 0,973 ±0,001

HPQEU2 4,97 ±0,026 35,33 ±0,023 31,90 ±0,1 0,930 ±0,004 0,969 ±0,001

HPQEU4 5,75 ±0,01 40,87 ±0,015 38,55 ±0,55 0,919 ±0,003 0,960 ±0,001

Legend: poloxamer 407® hydrogel (HP), poloxamer 407® hydrogel with chitosan (HPQ), poloxamer 407® hydrogel with 
chitosan + eugenol 1% (w/w) (HPQEU1), poloxamer 407® hydrogel with chitosan + eugenol 2% (w/w) (HPQEU2), polo-
xamer 407® hydrogel with chitosan + eugenol 4% (w/w) (HPQEU4).

Among the formulations containing eugenol, HPQEU1 presented the lowest hardness value and HP-
QEU4 presented the highest value. Compressibility was lower for HPQEU1, which, in parallel, presented 
greater spreadability compared to the hydrogels containing eugenol. The addition of chitosan and the eu-
genol concentration increase caused higher values of adhesiveness for the gels, with greater adhesion for 
HPQEU4. The greatest cohesiveness was observed for HPQEU1 compared to HPQEU2 and HPQEU4. 
When comparing the formulations regarding elasticity, the formulations were presented in the order HP > 
HPQ > HPQEU1 > HPQEU2 > HPQEU4.

3.9 DRUG CONTENT

Drug quantification was obtained after scanning, what resulted the maximum absorption wavelength of 
261 nm for eugenol. The construction of the analytical curve showed linearity in the range of 0.005 to 0.035 
mg/mL with an adequate correlation coefficient of r = 0.9976 (y = 6.5714x + 0.0069), demonstrating sui-
tability for eugenol quantification20,27. The eugenol content quantified in the formulations was determined 
through the calculation obtained by the straight-line equation. The theoretical concentrations of 1, 2 and 4% 
for HPQEU1, HPQEU2 and HPQEU4 corresponded to the experimental concentrations of 0.8 ± 0.001%, 2 
± 0.001% and 3.6 ± 0.001%, respectively.

3.10 EX VIVO MUCOADHESION STUDY

The mucoadhesion test, assessed by means of a tensile test, used the maximum force and the work of 
adhesion to separate the mucosa from the bioadhesive formulation. The maximum force and adhesion pa-
rameters are directly proportional (Table 7).
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Table 7 – Mucoadhesive properties of the hydrogels

Adhesion force (N.s) F max (N)

HP 0,554 ± 0,62 0,231 ± 0,69

HPQ 0,672 ± 0,52 0,249 ± 0,62 

HPQEU1 1,55 ± 0,56 0,308 ± 0,50

HPQEU2 1,795 ± 0,25 0,366 ± 0,58

HPQEU4 1,895 ± 0,38 0,381 ± 0,62

Legend: poloxamer 407® hydrogel (HP), poloxamer 407® hydrogel with chitosan (HPQ), poloxamer 407® hydrogel with 
chitosan + eugenol 1% (w/w) (HPQEU1), poloxamer 407® hydrogel with chitosan + eugenol 2% (w/w) (HPQEU2), polo-
xamer 407® hydrogel with chitosan + eugenol 4% (w/w) (HPQEU4).

The HPQEU4 hydrogel presented higher adhe-
sion values ​​than the other formulations, interme-
diate values ​​were observed for the other hydrogels 
tested and HP presented the lowest adhesion value. 
When evaluated the maximum force, the HPQEU4 
hydrogel presented a higher value than the others, 
and HP presented the lowest values. Higher values 
of adhesion and maximum force ensure good con-
tact between the hydrogel and the mucosa.

4. DISCUSSION

Poloxamer 407® and chitosan hydrogels were 
produced with organoleptic characteristics varying 
according to the chemical composition as well as 
the opaque appearance due to the addition of euge-
nol, a lipophilic compound17,18.

The adequate Tsol/gel should be in the range 
of 25–37 °C to avoid degradation during prepara-
tion and for administration to the oral mucosa, in 
which the influence of the body temperature on the 
formulation gelled state22. There was a decrease in 
the Tsol/gel of the HPQEU1 and HPQEU2 formula-
tions, what may be related to the interference of the 
added components, such as eugenol, on the micelli-
zation of Poloxamer 407®. This was evident for HP-
QEU4 with a higher concentration of eugenol and 
no transition in Tsol/gel, regardless of the tempera-
ture change9,10,11,18. It has already been reported that 
decreasing the concentration of Poloxamer 407® in 
the formulations can increase the Tsol/gel9.

Regarding pH, formulations with eugenol 
were considered suitable for administration to the 
oral mucosa, since the pH of the oral cavity with 
the presence of saliva is between 5.5 and 7.0, and 
formulations with pH values ​​outside this range can 
cause injury or irritation to the mucosa23. Another 
important factor is the absorption rate of the drug, 
which is influenced by the permeabilities of the oral 
and sublingual mucosas, as well as its physical and 
chemical properties23. Furthermore, such pH values ​​
of the formulations maintain the low ionization of 
eugenol with pKa = 10.19, what may contribute to 
its absorption at the site of application18,24.

For turbidimetry, the values ​​increased due to 
the tendency of chitosan incorporated in hydrogel 
to form crystalline domains and the addition of li-
pophilic substance in a hydrophilic medium, being 
both able to reduce light transmittance25,26. 

According to guidelines from regulatory agen-
cies20,27, the organoleptic characteristics of formula-
tions subjected to storage under different conditions 
must remain intact under all conditions, except at 
high temperatures, where small changes are accep-
table. Regarding color and odor, the formulations 
must remain stable for at least 15 days, and small 
changes are acceptable at high temperatures, since 
under these conditions the rates of degradation re-
actions are increased21.

In general, when evaluating the behavior of the 
formulations stored under the three different con-
ditions, the best storage temperature was 5 ± 2 ºC, 
followed by 25 ± 2 ºC. Furthermore, packaging that 
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offers less interference with the environment, such 
as aluminum tubes, and strict storage away from li-
ght, can ensure the stability of the organoleptic pro-
perties of the formulations.

Variations in pH above 10% in relation to time 
zero are considered inappropriate, and this is the li-
mit for excluding formulations20. Thus, all oscilla-
tions in pH values found in the formulations stored 
at room temperature and refrigerator are within as 
recommended, except for the formulation HPQEU4 
that was above 10%.

Apart from that, some amendments would 
be favorable to minimize losses and variations 
in eugenol concentration in the hydrogels, such 
as changing the packaging and establishing sto-
rage in the refrigerator, which proved to be more 
appropriate. Further, the addition of adjuvants to 
maintain the physicochemical characteristics of 
eugenol, related to oxygen and unsaturation in 
chemical structure18,24.

The decreased spreadability of hydrogels con-
taining eugenol can be explained by the lower mo-
bility of the polymeric micelles that encapsulate the 
lipophilic substance. This property is essential for 
the permanence of the formulation at the applica-
tion site, such as the oral mucosa, with less move-
ment and favoring the absorption of eugenol21,28.

The oscillatory frequency test reveals the 
elastic or storage modulus G’ (elastic response) or 
loss G” (viscous response)17. The rheological stu-
dy demonstrated an increase in elastic behavior, 
important for retention at the application site and 
prolonged release of the active ingredient. After ad-
ministration of the thermosensitive gels, the system 
gels (G’>G”) and resists intraoral shear forces29.

For the texture profile of the hydrogels, the 
lower hardness expresses the facilitated applicabili-
ty on the oral mucosa30. Low compressibility indi-
cates the removal of the gel from the packaging and 
its spreading during application29. High adhesive-
ness was influenced by chitosan, demonstrating the 
appropriate composition for retention in the muco-
sa through electrostatic interaction8. The product’s 
performance is determined by the high cohesion 
value, which indicates complete structural recovery 
after application of the gel. Elasticity indicates the 
deformation and returns of the gel structure, with 

lower values ​​indicative of this property30.
Ideally, poloxamer-chitosan hydrogels, as a for-

mulation for application to the oral mucosa, should 
have high adhesiveness and appropriate elasticity31. 
The hydrogel formulation HPQEU1 followed by 
the formulation HPQEU2 were the formulations, 
with thermoresponsive ability and release system, 
that presented the best mechanical properties for 
transporting eugenol to the oral mucosa.

The mucoadhesive characteristic of formu-
lation is important for prolonging retention at the 
application site, such as the oral mucosa, therefore, 
with less loss of the formulation32. Hydrogels for-
mulated by binary systems consisting of different 
polymers, which are bioadhesive and thermosensi-
tive, promote a combination of advantages. Thus, 
there is an improvement in the adhesion and admi-
nistration performance of these systems in vitro and 
in vivo31, which was achieved with the developed 
formulations, based on Poloxamer 407® and chito-
san, containing eugenol.

5. CONCLUSION

The hydrogels containing different concentra-
tions of eugenol presented adequate organoleptic 
characteristics, pH values, turbidity and texture 
profile favoring the application in oral mucosa. The 
sol/gel transition was shown to be more suitable for 
HPQEU1. The stability study established refrigera-
tion to preserve the physicochemical properties of 
the hydrogels. The rheological profile demonstrated 
elastic behavior, ideal for remaining retained in pla-
ce as well as ease of application. The mucoadhesion 
test demonstrated that the formulations HPQEU1, 
HPQEU2 and HPQEU4 presented adequate values ​​
regarding the ability to adhere to the mucosa, with 
the hydrogel HPQEU4 presenting superior mu-
coadhesion. Among all the parameters evaluated, 
the formulation with the most suitable profile was 
HPQEU1 followed by HPQEU2. Therefore, they 
constitute alternatives for delivery of eugenol in 
oral mucosa with thermos responsiveness, being a 
promising release system for dental application.
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