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Abstract: Eugenol is a phenolic compound with numerous biological activities. It is widely used in dentistry 

to treat toothache and pulpitis. In particular, eugenol may be used for tooth whitening procedures to minimize 

dental sensitivity in patients. However, eugenol has some disadvantages such as its volatility, its 

photosensitivity, and immediate effect, which can be avoided by using pharmaceutical nanotechnology. The 

HIGHLIGHTS 
 

• Eugenol-loaded Eudragit RS100 nanocapsules were suitably obtained and characterized. 

• A simple and fast UPLC/MS-MS method for determining eugenol in Eudragit RS100 nanocapsules 
was developed and validated. 

• Eugenol-loaded Eudragit RS100 nanocapsules showed physical stability after 60 days of preparation. 

• Eugenol-loaded Eudragit RS100 nanocapsules may be further used for reducing dental sensitivity. 
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aim of the present study was to obtain, characterize, quantify, and evaluate the physicochemical stability of 

eugenol-loaded Eudragit RS100 nanocapsules. The nanocapsules (NCs) were prepared by interfacial 

deposition of the preformed polymer method. The NCs were characterized through morphological and 

spectroscopic studies. The encapsulation efficiency was achieved by quantifying the non-encapsulated 

eugenol using a previously developed and validated analytical method. The physicochemical stability of NCs 

was assessed at predetermined time intervals for 90 days after preparation. The nanocapsules were 

successfully prepared by the chosen method and had a predominantly spherical shape with a smooth 

surface. The mean size, the polydispersion index, and the zeta potential were in agreement to literature data. 

Infrared spectra ensured that the nanoencapsulation process did not result in chemical reactions between 

the drug and the polymer. The formulations showed encapsulation efficiency higher than 90% and remained 

stable after 60 days of preparation. Thus, eugenol-loaded Eudragit RS100 nanocapsules may be further 

considered as an alternative formulation for dental sensitivity in order to provide a controlled release, a 

decreased toxicity, and a better dental sensitivity relief. 

Keywords: clove; essential oil; polymeric nanoparticles; Syzygium aromaticum; tooth whitening. 

INTRODUCTION  

The tooth whitening is one of the most common procedures in aesthetic dentistry. The in-office bleaching 
technique using hydrogen peroxide is highly requested by patients since most of them do not adapt to the 
tray use and desire faster results. However, the In-office bleaching may have a high rate of dental sensitivity 
(DS) and, for this reason, drugs such as anti-inflammatory, corticosteroids, and analgesics are often tested 
to reduce or eliminate this adverse effect [1]. 

Eugenol or 4-allyl-2-methoxyphenol, C10H12O2, is the main component of clove essential oil [Syzygium 
aromaticum (L.) Merr. & L. M. Perry]. It is a liquid phenolic compound with light yellow or colorless color [2,3]. 
Eugenol has numerous biological activities previously reported in the literature such as: antimicrobial, anti-
inflammatory, antioxidant, analgesic, and anesthetic properties [2,4,5]. Eugenol has anti-inflammatory and 
anesthetic effects by blocking the release of inflammatory mediators and cytokines, and it is used in dentistry 
in patients who undergo tooth whitening due to DS caused by the procedure [3,6]. 

Studies have shown that eugenol is used in different areas safely, as it has no carcinogenic or mutagenic 
effects, and the accepted daily intake is 2.5 mg of eugenol per body weight in humans [7]. However, eugenol 
has disadvantages such as volatility, photosensitivity, and immediate action. In that sense, it is imperative to 
obtain a novel technology in order to provide a better therapeutic efficacy, a prolonged drug release, a 
reduced toxicity, and a longer time of action [8-10]. 

Nanotechnology turns out to be an interesting area to improve the therapeutic action of numerous 
substances. This technology refers to the controlled production of structures and systems on the nanometer 
scale that is in one billionth of a meter (10-9 m) from the use of molecules and materials of the most diverse 
origins [11]. Polymeric nanocapsules are one of the most studied nanocarriers and are used to control the 
drug release. These nanocapsules (NCs) are core-shell structures, which present sizes between 100 and 
300 nm. The oily core can dissolve lipophilic drugs and can provide a controlled release. Trus, 
nanoencapsulation can diminish the problems related to eugenol use [12]. 

Eudragit RS100 is a copolymer of poly(ethyl acrylate-co-methyl methacrylate-co-trimethylammoniethyl 
methacrylate chloride) and contains between 4.5 to 6.8% of its quaternary ammonium groups. These 
chemical groups provide a positive surface charge to the polymer, which makes it interact with negatively 
charged drugs or the cell surface of target tissues. This feature can subsequently maximize cellular uptake 
of the drug-polymer complex and also underscores its mucoadhesive feature [13-15]. Eudragit RS100 is 
insoluble in water and has low permeability, but it is permeable to digestive fluids. Its application is widely 
associated with the production of oral and topical formulations. Previous studies have reported an adequate 
biocompatibility in different mucous membranes. It is also insoluble at physiological pH, but swells in the 
presence of water [14,15]. 

In this sense, the aim of this study was to obtain a formulation based on Eudragit RS100 nanocapsules 
containing eugenol for buccal application. In addition, this formulation was characterized through 
morphological and spectroscopic methods, the eugenol encapsulation efficiency was achieved, and the 
physicochemical stability was investigated for 90 days after preparation. 
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MATERIAL AND METHODS  

Materials 

Eugenol 99% pure (Sigma-Aldrich, St. Louis, MO, USA), Eudragit RS100 (Mw = 150,000 g/mol, Röhm, 
Darmstadt, Alemanha), sorbitan monooleate (Span 80, Oxiteno, Mauá, Brazil), polysorbate 80 (Tween 80, 
Delaware, Porto Alegre, Brazil), medium chain triglycerides (MCT, 99% pure, Focus Química, São Paulo, 
Brazil), lactose monohydrate (LAC, Biotec Produtos Químicos, São José dos Pinhais, Brazil), acetone (99.9% 
pure, Vetec Química, Rio de Janeiro, Brazil), acetonitrile HPLC grade (J.T. Baker, Phillipsburg, NJ, USA), 
Formic acid (Biotec Produtos Químicos, São José dos Pinhais, Brazil) were used as received. Water was 
purified in a Milli-Q Plus water purification system (Millipore, Bedford, MA, USA). 

Preparation of eugenol-loaded Eudragit RS100 nanocapsules 

The polymeric nanocapsules (NC-E) were prepared by the method of interfacial deposition of preformed 
polymer [16,17]. Briefly, Eudragit RS 100 (0.100 g) was solvated in acetone (27 mL) in the presence of Span 
80 (0.0770 g), eugenol (0.150 g), and medium chain triglycerides (MCT) (0.150 g) under mechanical stirring 
at 40ºC until complete dissolution. Then, the organic phase was poured slowly over the aqueous phase (53 
mL) containing Tween 80 (0.0770 g). This emulsion was maintained under magnetic stirring at 40°C for 10 
minutes. Organic solvent was then eliminated by evaporation in a rotary evaporator (Quimis, São Paulo, 
Brazil) to a final volume of 10 mL (1.5 mg/mL). A sample with no drug (NC-C) was prepared as control. 

Characterization of eugenol-loaded Eudragit RS100 nanocapsules 

pH Determination  

The pH values were obtained by using a digital potentiometer, previously calibrated with pH 4.0 and 7.0 
buffer solutions. The pH was measured directly in each colloidal suspension after preparation. The results 
were expressed as the mean of six different samples. 

Determination of Mean Diameter, Polydispersity Index (PDI), and Zeta Potential of NCs 

Mean particle size, polydispersity index (PDI), and zeta potential were measured (n = 3) after diluting an 
aliquot of the nanocapsule suspension in ultrapurified water (1:500). All analyses were carried out on the 
Zetasizer Nanoseries (Malvern Instruments, Malvern, United Kingdom). A one-way analysis of variance 
(ANOVA) followed by Tukey’s post-hoc test was performed to verify the statistical difference between the 
mean values. 

Field Emission Scanning Electron Microscopy (FESEM)  

Morphological and surface evaluation of NCs were performed by Field Emission Scanning Electron 
Microscopy (FESEM) (Tescan, Mira 3 model, Brno, Czech Republic) at an acceleration voltage of 8 to 10 kV 
[18,19]. Samples were previously subjected to metallization with gold in an IC-50 Ion metallizer Coater 
(Shimadzu, Kyoto, Japan) [20].  

Fourier-Transform Infrared Spectroscopy (FTIR) 

The NC-E formulation was assessed by Fourier-transform infrared spectroscopy (FTIR) using potassium 
bromide (KBr) pellets with 4 mg of the sample and 196 mg of spectroscopic grade KBr (2%, m/m) at the IR 
Prestige-21 equipment (SHIMADZU, Quito, Japan) in the range of 4000-400 cm-1 with a resolution of 4 cm-1 
and 32 scan/min. The obtained spectrum was evaluated against the pure drug, the Eudragit RS100 polymer, 
and the control formulation (NC-C) [21] 

UPLC-MS/MS conditions 

Experiments were performed in a Acquity Waters® HClass UPLC, equipped with a refrigerated 
autoinjector (Sample Manager FTN) and a quaternary pump (Quaternary Solvent Manager) to obtain the 
chromatograms. A C18 column [Acquity BEH HSS T3 (1.8 µm, 2.1 x 50 mm)] and an isocratic elution condition 
with acetonitrile:acidified water containing 0.1% formic acid (80:20 V/V) were used. The injection volume was 
5 µL, the flow rate was 0.3 mL/min, the column temperature was 25 ºC and the run time analysis was 2 min. 
Detection was performed by electrospray ionization (ESI) in positive mode; for which the following probe 
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conditions were used: source temperature of 150 °C, capillary of 3.7 KV, cone of 25V, collision energy of 68 
V, desolavation gas flow of 60 L/h and desolavation temperature 400 °C. The multiple reaction monitoring 
(MRM) analysis allowed monitoring: m/z 165.2 → 137 (quantitative ion); 165.2 → 124 (qualitative ion). All 
operations were performed using the MassLynx program (Waters). 

Preparations of standard solutions and samples 

The standard eugenol solution (500.0 μg/mL) was prepared in acetonitrile:water (1:1, v/v), at. Dilutions 
were performed in order to obtain solutions with a concentration between 2.4 – 240.0 μg/mL. Before injection 
the solutions were filtered through a polytetrafluoroethylene filter (PTFE, Cromafil® Xtra, 0.2 μm x 13 mm, 
Macherey-Nagel GNBH & Co. KG, Düren, Germany), and added in a vial. 

Method validation 

The validation of the analytical method by UPLC-MS/MS was carried out according to the criteria 
proposed by the International Conference on Harmonization guidelines [22]. The following parameters were 
evaluated: linearity, limits of detection and quantification, precision, accuracy and robustness. 

The linearity of the method was evaluated by linear regression using the method of least squares, by 
averaging the points of three authentic analytical curves, at concentrations of: 2.4, 4, 12, 24, 48, 72, 96, 192 
and 240 μg/mL. The slope and other parameters of the analytical curves were calculated by linear regression 
and analysis of variance (ANOVA). Assessment of each point was performed in triplicate.  

The limits of detection (LD) and quantification (LQ) were obtained experimentally by injecting solutions 
with concentrations lower than the working range. Repeatability was evaluated through the analysis of three 
different concentrations (12.8, 48 and 192 ng/mL), totaling nine determinations in different periods of the 
same day (morning, afternoon and evening), by the same analyst, using the same instrument. Intermediate 
precision was determined by analysis at the same concentrations used for repeatability, but measurements 
were performed on different days, with different analysts, still using the same instrument. The results of these 
analyzes were expressed in the form of relative standard deviation (RSD).  

The accuracy value was determined by calculating the percent recovery of eugenol for these three 
concentration levels and then determining the relative standard deviation. The robustness was evaluated in 
the samples at 30.0 μg/mL, by variations in the flow rate to 0.33 mL/min, the concentration of the acetonitrile 
mobile phase and water acidified with formic acid 82:18 (v/v) and oven temperature to 25,5 °C. The results 
were analyzed using the RSD comparing with the values obtained for the standard condition. 

Method applicability: Evaluation of Encapsulation Efficiency 

Encapsulation efficiency (EE) was determined by an indirect method, quantifying the concentration of 
non-encapsulated drug. Therefore, 500 μL of the nanosuspension were subjected to 
ultrafiltration/centrifugation using a device (Amicon® 10,000 Mw, Milipore) at 6000 rcf for 30 minutes. Free 
eugenol was determined in the ultrafiltrate, using the validated UPLC-MS/MS method. The EE (%) was 
calculated from the difference between the mass of the drug initially added in each formulation and the mass 
present in the formulations [23,24] according to Equation 1. 

 
 

𝐸𝐸(%) =
𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑑𝑟𝑢𝑔 𝑐𝑜𝑛𝑡𝑒𝑛𝑡−𝑓𝑟𝑒𝑒 𝑑𝑟𝑢𝑔 𝑐𝑜𝑛𝑡𝑒𝑛𝑡

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑑𝑟𝑢𝑔 𝑐𝑜𝑛𝑡𝑒𝑛𝑡
𝑥 100                                          (1) 

 

 

Physicochemical stability 

NC-C and NC-E suspensions were stored in a refrigerator and protected from light in an amber bottle. 

Mean particle size, polydispersity index, and zeta potential were measured (n=3) at times of 0, 30, 60, and 

90 days. All resulting stability data were evaluated using the GraphPad Prism program, version 6.01 for 

Windows. Data were expressed as mean ± standard deviation. ANOVA with Tukey’s post-test, followed by 

Student’s t-test was used for statistical comparisons, with a significance level of 5% (α = 0.05). 
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RESULTS 

Preparation of eugenol-loaded Eudragit RS100 nanocapsules 

NC-E and NC-C were suitably obtained by the interfacial deposition of the preformed polymer method, 
and these formulations resulted in colloidal nanodispersion with bluish opalescence as previously reported 
[25]. 

 

Characterization of eugenol-loaded Eudragit RS100 nanocapsules 

 

pH determination 

 

Table 1 shows the values achieved for the pH of the recently obtained nanosuspensions. 

                             Table 1. pH values obtained after preparing the Eudragit RS100 nanocapsules 

Formulations pH SD*   

NC-E 5.40 0.09 

NC-C 5.60 0.15 

                              * SD = standard deviation (n = 3) 

 

Determination of Mean Diameter, Polydispersity Index (PDI), and Zeta Potential of NCs 

 

The results of mean diameter, PDI and zeta potential for NC-E and NC-C are summarized in Table 2. 

                   Table 2. Values of mean diameter, PDI, and zeta potential for NC-E and NC-C 

Formulations Mean diameter (nm) PDI Zeta potential (mV) 

 Mean SD* Mean SD* Mean SD* 

NC-E 121.80 4.81 0.25 0.02 25.89 2.84 

NC-C 122.95 0.64 0.19 0.03 20.25 6.61 

                   * SD = standard deviation (n = 3) 
 

Field Emission Scanning Electron Microscopy (FESEM)  

 

Photomicrographs performed for NC-E and NC-C after freeze-drying using 1% lactose are depicted in 
Figure 1 (A and B, respectively). These images confirmed the nanocapsule formation through the 
aforementioned method as well as the nano-sized dimensions of these formulations. The Eudragit RS100 

nanocapsules mainly presented particles with spherical shape and smooth surface. No pore was observed. 
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Figure 1. Photomicrographs of freeze-dried Eudragit RS100 nanocapsules NC-E (A) and NC-C (B) by FESEM, 
magnification from 14,800 (A) to 25,700 Kx (B)  

Fourier-Transform Infrared Spectroscopy (FTIR) 

Figure 2 shows the FTIR spectra of pure eugenol, pure polymer (Eudragit RS100), lactose monohydrate, 
and nanocapsule formulations. Regarding to eugenol, a stretching bands of OH group at 3,515 cm-1, a C-H 
signal of CH3 group at 2,968 cm-1, a C=C stretching band at 1,607 cm-1, a CH2 group signal at 1,439 cm-1, 
and C-O bond signals at 1,269 and 1,032 cm-1 were achieved. 

For Eudragit RS100, a C=O stretching vibration band of the carbonyl group at 1,741 cm-1 was assigned. 
The same signal was found in the FTIR spectra for the nanoformulations. Considering the lactose, stretching 
vibration bands of OH group at 3,322 cm-1 and C-H group at 2,980; 2,943; and 2,879 cm-1 were observed. 
Nanocapsules NC-E and NC-C showed an overlap of the raw materials signals and no novel signal was 
evidenced for these formulations. In that sense, no chemical reactions occurred during the 
nanoencapsulation process. 

 

Figure 2. FTIR spectra of pure eugenol, Eudragit RS100, lactose, and nanoformulations NC-E and NC-C. 
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Method validation 

Figure 3 presents the chromatogram of the proposed analytical method for eugenol quantification in 
the loaded nanoformulation NC-E. Eugenol showed a retention time of 0.72 minutes, which is considered an 
optimal time for routine analyses. Eugenol identification was possible by its fragmentation as major ions, a 
qualitative one at m/z = 124 and a quantitative one at m/z = 137. 

 

Figure 3. Representative UPLC/MS-MS chromatogram of eugenol standard. Mobile phase: acetonitrile:acidified water 
with 0.1% formic acid (80:20 V/V); flow rate: 0.3 mL/min; column temperature: 25ºC; and injection volume: 5 µL. Figure 
detail: eugenol fragmentation at m/z = 165.2 → 137; 165.2 → 124.   

Linearity was carried out in nine different concentrations of the analyte and in triplicate. The analytical 
curve is represented in Figure 4. 

 

Figure 4. Mean analytical curve for the eugenol determination by UPLC/MS-MS at the concentration range of 2.4 to 
240 µg/mL (n = 3) 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


 Vilela, A.P.; et al. 8 
 

 
Brazilian Archives of Biology and Technology. Vol.66(spe): e23230300, 2023 www.scielo.br/babt 

Considering the linear regression analysis, the angular coefficient, the linear coefficient, and the 
determination coefficient (r²) values were obtained. These results are described in Table 3. The linear 
regression analysis showed no lack of fit by ANOVA. 

Table 3. Data obtained by linear regression analysis for the eugenol                                                        
quantification in nanoformulations by UPLC/MS-MS 

Parameters Results 

Range 2.4-240 µg/mL 

linear equation y = 55.142 x + 720 

slope (a) 55.142 

y-axis intercept (b) 720 

determination coefficient (r2) 0.9966 

correlation coefficient (r) 0.9983 

 
LD and LQ values of the analytical method were experimentally determined and resulted in LD = 48 

ng/mL and LQ = 480 ng/mL. Precision values are summarized in Table 4. The RSD values obtained were 
less than 5.0% and the statistical analysis showed that the results do not have a significant difference                
(p > 0.05). 

 

                Table 4. Experimental values obtained from the repeatability and the intermediate precision assays 

Parameters Concentration (µg/mL) RSD* (%) 

repeatability (n = 5) 
12.8 
48 
192 

3.07 
3.38 
2.71 

intermediate precision (n = 9) 
12.8 
48 
192 

3.89 
3.83 
4.69 

                * RSD = relative standard deviation 

Accuracy was evaluated using the recovery method and demonstrated recovery percentage values 
between 97.95 and 98.89% for the three concentration levels evaluated as described in Table 5. 

                           Table 5. Experimental values obtained from the accuracy assay 

Theoretical concentration of eugenol (µg/mL) RSD* (%) Recovery (%) 

12.8 (n = 3) 3.07 97.95 

48 (n = 3) 3.38 98.53 

192 (n = 3) 2.71 98.89 

                            * RSD = relative standard deviation 

The robustness of the analytical method was based on the RSD values obtained from changing of the 
analysis parameters, such as the analytical column temperature (25.5 ºC), the isocratic flow (0.33 mL/min), 
and composition of the mobile phase (acetonitrile: acidified water 82:18 V/V). Regarding these values, RSD 
values were less than 5%, which characterizes the method as robust for all parameters as summarized in 
Table 6. 
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                                      Table 6. Experimental values obtained from the robustness assay 

Parameters RSD* (%) 

Temperature (25.5 ºC) 3.41 

Flow (0.33 mL/min) 3.06 

Mobile phase (acetonitrile: acidified water 82:18) 4.62 

                                        * RSD = relative standard deviation 

Method applicability: Evaluation of Encapsulation Efficiency (EE) 

The EE (%) was performed using the previously developed and validated UPLC-MS/MS method and 
resulted in a mean encapsulation of 93.6% from the initial eugenol used.  

Physicochemical stability 

The stability testing of eugenol-loaded Eudragit RS100 nanocapsules are described in Figure 5. In brief, 
the pH and the zeta potential values changed after 90 days of storage. The particle size and the PDI values 
showed no significant difference during the stability study. 

 

 

Figure 5. Values of pH, mean diameter, PDI, and zeta potential immediately after nanoencapsulation and after 30, 60, 
and 90 days of preparation. NC-E: eugenol-loaded Eudragit RS100 nanoparticles; NC-C: negative control. Student’s t-
test with Tukey’s post-hoc test, with significance of *p < 0.05; **p < 0.01 

DISCUSSION 

Regarding the preparation, the bluish opalescence observed for the nanoformulations is due to the 
brownian movement of polymeric nanoparticles known as the Tyndall effect as previously reported in the 
literature [16,26,27]. The eugenol concentration of 1.5 mg/mL was chosen because it is commonly used for 
formulations containing essential oils and volatile compounds [28, 29]. 

Considering the characterization, the nanoformulations showed pH values in accordance with other 
Eudragit RS100 nanocapsule suspensions. NC-E and NC-C presented the expected acid character due to 
the ester group found in the chemical structure of the (meth)acrylic polymer used [16,30]. The mean diameter 
values are consistent with polymeric nanocapsules, which generally have a diameter between 100 and 300 
nm. Different factors, such as the formulation, the preparation method, the oily nature of the core, the polymer 
shell, and the presence of the drug [13,16] may influence the particle size. 
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In particular, the oily nature of the core may change some relevant physicochemical properties, such as 
viscosity, hydrophobicity, and surface tension. The presence of the drug in the organic phase, before polymer 
precipitation in the aqueous medium, may also influence the nucleation process, resulting in nanoparticles 
with a larger diameter and size distribution [16,25]. 

Polydispersion index (PDI) values close to 0 are considered monodisperse and greater than 0.5 indicate 
heterogeneous dispersion [16,31,32]. Values similar to those of the present study were found by Adibkia and 
coauthors (2011) [14] in a stability analysis of Eudragit RS100 nanocapsules containing naproxen, which 
achieved PDI from 0.12 to 0.29. Zeta potential analysis allows identifying the electrical charges observed on 
the surface of nanocapsules, which are considered stable when the zeta potential value is close to 30 mV in 
module [16]. The nanocapsules presented positive zeta potential higher than + 20 mV due to the positive 
charge of the quaternary ammonium groups from Eudragit RS100 [33,34], which is a polymer of cationic 
nature [14,35,36]. These values, although not ideal, may provide an acceptable surface stability over days. 

The images of FESEM confirmed the nanoencapsulation by the proposed method as well as the suitable 
nano-sized dimensions of the formulations [37]. The FTIR data demonstrated no chemical interaction 
between eugenol and Eudragit RS100 in NC-E [38]. Thus, these results indicate that eugenol may be properly 
encapsulated in the oily core and the polymer is acting only like a drug carrier as expected [17,39]. 

The retention time achieved for the UPLC-MS/MS experiments was considered ideal for routine analyses 
of quality control. The chosen method was selective for the analyte detection after the eugenol fragmentation. 
After this procedure, two major ions were identified. The quantitative ion was set since it presented a larger 
area under the curve and a higher concentration in relation to the first qualitative ion. 

Considering the results observed during the validation process, the developed analytical method was 
selective, linear, precise, accurate, and robust for the quantification of eugenol in nanocapsules of Eudragit 
RS100 according to the validation requirements [40,41]. In addition, this method is an alternative to the use 
of gas chromatography apparatus for the quantification of the volatile compound in a pharmaceutical industry 
environment. 

Concerning the drug encapsulation efficiency (EE), Contri and coauthors (2013) [42] reported an EE 
higher than 80% for eugenol. Sebaaly; Haydar, and Greige-Gerges (2022) [43] obtained an EE for eugenol 
of about 68% using conventional liposomes and chitosan-coated liposomes. Talón and coauthors (2019) [44] 
achieved an EE for eugenol between 95 and 98% using whey protein isolate or lecithin by spray-drying. In 
this regard, the present study showed an EE equal or better than the other studies previously described in 
the literature for the encapsulation of eugenol. 

The pH values after 90 days of preparation showed a significant change, probably due to the hydrolysis 
of the medium chain triglycerides that make up the core or the surfactant that are released from the interface 
when the polymer aggregates [45]. The size distribution and the particle diameters result in particles around 
130-200 nm and low polydispersity index, which demonstrates the suitable homogeneity of nanoformulations 
[13,16]. In addition, the unimodal distribution of the particles indicates that NC-E and NC-C remained 
dispersed over the time with no aggregation and no flocculation [16,31]. Zeta potential of these samples 
underwent significant changes after 90 days of storage, which can be due to the polymer degradation and to 
the changed exposure of positive charges [45]. Based on these data, it can be concluded that eugenol-loaded 
Eudragit RS100 nanocapsules can be used up to 60 days after preparation with reliable features during this 
time period. 

CONCLUSION 

In the present paper, eugenol-loaded Eudragit RS100 nanocapsules (NC-E) were successfully obtained 
by the interfacial deposition of preformed polymer. Physicochemical analyses confirmed that NC-E and 
control (NC-C) presented pH, mean diameter, PDI, and zeta potential within the standards for nanocapsules. 
Morphological and surface analysis by FESEM showed that NC-E and NC-C had a spherical shape with a 
smooth surface. Structural analysis by FTIR confirmed that there was no chemical reaction between the drug 
and the polymer. The method developed by UPLC/MS-MS was selective, linear, precise, accurate, and robust 
for a fast drug determination, and can be used for eugenol quantification and stability studies. The formulation 
showed high encapsulation efficiency, and the validated analytical method was able to quantify the loaded 
eugenol in the nanoformulation. The physicochemical stability assays showed that both nanoformulations 
remained stable for up to 60 days. 

Thus, it was concluded that the eugenol-loaded Eudragit RS100 nanocapsules developed can be further 
used in a pharmaceutical dosage form for the topical application of eugenol in order to decrease dental 
sensitivity during in-office tooth whitening. In addition, the loaded nanoformulation is suitable for reducing the 
eugenol problems, such as its volatility and immediate effect. 
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