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ABSTRACT

This study evaluated the chemical profile, antioxidant, and anti-inflammatory activity, in an
unprecedented way, of silver nanoparticles (AgNPs) synthesized from the essential oil nanoemulsion
(NEO) of Cinnamomum verum. For essential oil extraction (EO), the hydrodistillation technique was
used, and the chemical constituents were identified by Gas Chromatography Coupled to Mass
Spectrometry (GC-MS). The nanoemulsions were prepared using the phase inversion method, and the
synthesis of the AgNPs was performed by the Ag reduction method of AgNO, using NEO. The AgNPs
were characterized in terms of chemical profile by UV-Vis Spectrophotometry and particle size by DLS.
Antioxidant activity was evaluated using the ABTS radical discoloration method and anti-inflammatory
activity by protein denaturation. The majority constituent of the EO was trans-Cinnamaldehyde
(82.12%). The maximum SPR band was centered at 420 nm indicanting the characteristic peak of
AgNPs. The best IC,, 59.46 mg L for antioxidant activity was obtained for AgNP pH 10. The best IC, for
anti-inflammatory activity was 0.3183 mg mL". This study brought in an unprecedented way results
for AgNPs of C. verum, demonstrating to be efficient in improving the activities tested in this study,
and also demonstrating the effect of pH in these formulations.
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RESUMO

Este estudo avaliou o perfil quimico, a atividade antioxidante e anti-inflamatoria, de forma inédita, de
nanoparticulas de prata (AgNPs) sintetizadas a partir da nanoemulsdo de éleo essencial de Cinnamomum
verum (NEQO). Para a extracdo de 6leo essencial (OE), utilizou-se a técnica de hidrodestilacao e os
constituintes quimicos foram identificados por GC-MS. A atividade antioxidante foi avaliada pelo
método de descoloracdo dos radicais ABTS e a atividade anti-inflamatoria por desnaturacao proteica. O
constituinte majoritario do OE foi o trans-Cinamaldeido (82,12%). A banda maxima de RPS foi centrada
em 420 nm, indicando o pico caracteristico das AgNPs. A menor IC,, 59,46 mg L' para atividade
antioxidante foi obtida para AgNP pH 10. A IC,, que demonstrou o melhor resultado para atividade
anti-inflamatéria foi a do pH 9 com 0,3183 mg mL". Este estudo trouxe de forma inédita resultados
para AgNPs de C. verum, mostrando-se eficiente na melhoria das atividades testadas neste estudo,
demonstrando também o efeito d o pH sobre essas formulacdes.

Palavras-chave: Antioxidante; Trans-Cinamaldeido; Formulacao

1 INTRODUCTION

Over the years, researchers focus on metallic nanoparticles due to large surface
area, low melting point and good optical, catalytic, electrical and thermal properties.
These distinct properties of metal nanoparticles create exploitation in the industrial
area, such as food, agriculture, space, cosmetics, medical and chemical aspects of
everyday use (Tan et al., 2002; Liu et al., 2004).

Inrecentdecades, nanotechnology has gained morerecognition duetoitsunique
properties associated with the size distribution and morphology of nanoparticles.
Nanotechnology was a comprehensive term that covers many areas of research that
deal with nanometer-covered objects such as chemistry, physics, biology, engineering
and other scientific aspects of nanotechnology (Bar et al., Tuutijarvi et al. 2009).

Metallic nanoparticles have nanotechnological applications in various fields, such
as diagnostic medicine (high-efficiency biosensors, imaging); pharmacy (drug delivery
systems, cosmetics); food and textile industry (packaging and clothing with antimicrobial
properties); energy (solar panels); bioremediation, among others (Kumar & Yadav
2009; Thirumurugan & Dhanaraju 2011). Nanoparticles with 1 to 100 nm have great

impact in the field of chemistry, optics, batteries, physics, environmental remediation,
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drug administration and medicine. Nanoparticles exhibit huge structures that create
a different approach in the catalytic, physical, chemical and medicinal properties of
materials than in mass (Yu et al., 2007; Rassaei et al., 2008; Tuutijarvi et al., 2010).

Plants are particularly safe for bioreduction as they are readily available,
inexpensive and scalable (Mathew et al., Rostami-Vartooni et al., 2006;
Nasrollahzadeh et al., 2016). The compounds that are extracted from natural
products can be used in different areas, especially in the pharmaceutical and
food industries. Research has shown the importance of extracts and essential oils
in the production of new antibiotics and in the fight against various pathologies
(Vanin, 2014; Venturoso et al., 2010; Guimaraes, 2017).

The choice of green synthesis is related to the ability of plants to act in
the reduction, protection and stabilization of metallic nanoparticles due to
their secondary metabolites, organic compounds elaborated by plants, to adapt
species and survive. The reduction of silver particles in the nanometric scale
infers changes in their properties, resulting in an increase in the ratio between
the surface area and volume, which potentiate their characteristics in relation to
their macrometric form (Helou, 2018).

Its great oxidizing activity becomes very interesting for green synthesis. Since
then, silver synthesis becomes feasible to reduce silver ions, for metallic silver
through bioreduction. All this benefit can be used in the form of dressings with
action in the control of the bacterial population during the preparation of the bed
of a wound in the healing process (Wilkinson et al., 2011).

Silver nanoparticles (AgNPs) possess unique properties, such as a high surface
area, stability, and antimicrobial activity. Furthermore, these particles demonstrate
high stability and an excellent capacity for adsorbing pollutants in contaminated
waters, owing to their strong interaction with aromatic compounds. These
characteristics make AgNPs highly promising for applications in nanomedicine and

environmental remediation (Gandlevskiy et al., 2025).
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Medicinal plants are of great importance in traditional medicine, in which,
to a large share, the antioxidant activity of plant-derived compounds is considered
responsible for the cure of numerous diseases. Cinnamomum verum consists of many
polyphenolic compounds with antioxidant activity.

The genus Cinnamomum belongs to the family Lauraceae, many of which are
used as spices and flavorings (Jakhetia et al. 2010). There are two main varieties of
cinnamon: Ceylon or True Cinnamon (Cinnamomum verum), which is grown in Sri Lanka
and Southern India, and cassia (Cinnamom aromaticum Ness), which is grown in China,
Indonesia and Vietnam (Shan et al., 2007; Ranasinghe et al., 2012).

However there are differences in this, in relation to the variety and parts
of the plant. Studies with essential oils extracted from the barks of Cinnamomum
verum showed 60 to 80% of cinnamaldehyde and 2% of eugenol, while in leaves the
composition of eugenol is higher, around 60 to 75% (Lima et al., 2005; Trajano et al.,
2010; Vangalapati et al., 2012). Essential oils extracted from the variety Cinnamomum
aromaticum Ness showed the presence of 80 to 90% cinnamaldehyde with little
or no eugenol (Shan et al. 2007). Thus, this study aimed to evaluate the chemical,
antioxidant and anti-inflammatory activity of silver nanoparticles synthesized from

the nanoemulsion of the essential oil of Cinnamomum verum.

2 METHODOLOGY

2.1 Collection of plant material

The barks of Cinnamomum verum used in this study were obtained in August 2022,
from the federally certified distributor - Produtos Naturais Muniz LTDA (CNAE 4729-6/99).
After collection, the plant species were transported to the Laboratory for Research and
Application of Essential Oils (LOEPAV/UFMA), where the leaves were weighed, crushed and

stored for the extraction of essential oil from the plant.
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2.2 Extraction of essential oils

For the extraction of the essential oil (EO), the hydrodistillation technique was
performed with a Clevenger glass extractor coupled to a round bottom flask coupled to
a heating blanket as a source of heat. 100g of each plant material were used, previously
dried in a FANEM 520 convective air oven at 45°C, adding distilled water (1:10).
Hydrodistillation was performed at 100°C for 3 h and the EO extract was collected. The
EO was dried by percolation with anhydrous sodium sulfate (Na,SO,) and centrifuged.
These operations were carried out in triplicate and the samples were stored in amber

glass ampoules under refrigeration at 4°C. Subsequently submitted to analyses.
2.3 Chemical Profile

Theidentificationofchemical constituentswas performedbygaschromatography
coupled to mass spectrometry (GC-MS), using a QP 2010 Plus model equipment
(Shimadzu Corporation, Kyoto, Japan) operating with a fused silica capillary column
(30 m x 0. 25 mm). with a DB-5 bonded phase (film thickness, 0.25 pm).

Helium was used as a carrier gas with a flow rate of 1.0 mL min . The injector and
detector temperatures were 220 and 240 °C, respectively. The injection volume of the sample
was 0.5 pL, diluted in hexane (1%) and injection volume partition ratio (split) of 1:100. The
temperature ramp started at 60 °C, with an increase at a rate of 3°C min™' to 240°C, followed
by an increase of 10°C min™ until reaching 300°C, with the final temperature maintained for
7 min. The column pressure was around 71.0 kPa.

The mass spectrometer was operated with an ionization potential of 70 eV and
an ion source temperature of 200°C. Mass analysis was performed in full scan mode,
ranging from 45 to 500 Da, with a sweep speed of 1000 Da s™" and a scan interval of 0.5
fragments s™'. Data were obtained and processed using Lab software Solutions LC/GC
Workstation 2.72 (Shimadzu, Kyoto, Japan).

The retention index of the compounds was calculated in relation to a homologous

series of n-alkanes (nC, - nC,,), using the Van den equation Dool and Kratz (Van Den Dool
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& Kratz, 1963). The identification of the compounds was carried out by comparing the
calculated retention indices with those described in the literature (Adams et al., 2007).
Comparisons of the mass spectra obtained with those existing in the FFNSC 1.2, NIST107
and NIST21 libraries were also performed.

Quantitative analysis was performed by gas chromatography with flame
ionization detector (GC-FID), using equipment model GC-2010 (Shimadzu Corporation,
Kyoto, Japan), with identical experimental conditions to those used in the qualitative
analysis, except for the temperature of the detector, which was 300°C. The relative

percentages of each constituent were obtained by the area normalization method.
2.4 Preparation of the nanoemulsions

The preparation of the nanoemulsions was carried out according to the
adapted methodologies described by Sugumar et al. (2014), Kubitschek et al.
(2014) and Rodrigues et al. (2014).

The EO concentration (5% v/ v) were fixed for the formulation. The required amounts
of each constituent of the oil phase (oil + Tween20) were heated to 65 + 5°C. The aqueous
phase was heated separately to 65 + 5°C, added gently and mixed with the oil phase,
providing a primary formulation, by the phase inversion method. Final homogenization
was achieved using a magnetic stirrer, in which the formulation remained in constant
agitation at 6000 rpm, until the temperature was reduced to 25 °C + 2 °C.

To prove stability, of the formulated nanoemulsions were subjected to different
stress tests according to the methodology described by Shafiq et al., (2007). They were
evaluated for phase separation by centrifugation. The heating-cooling cycle was carried
out keeping the formulated nanoemulsions at 40 and 4°C, alternating each temperature
for 48 h. The cycle was repeated three times. This was done to check the stability of
the nanoemulsion at variable temperatures. The freeze-thaw stress was carried out by
maintaining the nanoemulsions alternatively at-21 and 25°Cfor 48 hateach temperature.

The cycle was repeated twice. The experiment was carried out in triplicate.
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2.5 Formulation and characterization of nanoparticles

The synthesis of silver nanoparticles was performed according to the methodology
adapted by Sena et al. (2019) and Vilas, Philip and Mathew (2014). To obtain them, a solution
of silver nitrate (AgNO,, 1 mmol L") was prepared in distilled water. For synthesis, the pH of
the AgNO, solution was adjusted to 10 with sodium hydroxide solution (NaOH 0.1 mol L").
For each condition tested, 10 mL of the AgNO, solution with the respective corrected pH
was heated to 50 °C in heating plate and constant magnetic agitation. For the addition of
the essential oil, a solution of 1000 mg L, diluted in acetone 1% for the concentrations of
4-167 mg L', added in a volume of 5 mL in the reaction system, was prepared, totaling a total
volume of 15 mL. After mixing, the solution remained homogenized for 10 min and then
incubated for a period of 24 hours at room temperature.

Spectroscopic analyses in the UV-Vis region were performed on
spectrophotometer in length of 1000-320 nm. 3 mL of each sample was pipetted in
quartz bucket with optical path of 10 mm at room temperature.

The readings of the size and distribution of the nanoparticles in the colloides
were performed by the technique of dynamic light scattering - DLS, which evaluates the
hydrodynamic ray using a zetasizer System Nano ZS90 (Malvern Instruments, UK), following
the methodology described by Sena et al. (2019). Measurements were performed under
the following conditions: laser wavelength (He-Ne) at 633 nm, fixed scattering angle at
173° and temperature of 25°C and normal resolution mode. The readings were performed

with a polystyrene bucket (DTS0012) using a volume of 1.5 mL with a dilution factor of 3x.
2.6 Total Phenolics

The determination of the total phenolic compounds of the crossed essential
oil and nanoemulsion was performed by the Folin-Ciocalteu spectrophotometric
method (Waterhouse, 2012). 5 mg of samples diluted in 1 mL of ethanol were used. To
this solution, 7 mL of distilled water, 800 pL of Folin-Ciocalteu reagent and 2.0 mL of

20% sodium carbonate were added. After two hours, the reading was performed in a
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UV-VIS spectrophotometer at a length of 760 nm. The standard curve was expressed

in milligrams equivalent to grams (mg TAE g ") of tannic acid.
2.7 Antioxidant activity by elimination of ABTS radicals

A determination of antioxidant activity by the ABTS method [2,2-azinobis-(3-
ethylbenzothiazolin-6-sulphonic)], was adapted according to the methodology
suggested by Re et al. (1999). From the concentrations of essential oils and
silver nanoparticles (5 to 100 mg/L) in ethanol, the reaction mixture with ABTS
radical cation was prepared. In a dark environment, an aliquot of 100 pL of
each concentration of samples containing 3.0 mL of abts radical cation was
transferred and after 6 minutes the absorbance of the reaction mixture was read
in spectrophotometer at a length of 730 nm. The analyses were performed in
triplicate. The elimination of ABTS radicals was expressed as a percentage and
the Efficient Concentration 50% (EC,/IC, ) and 90% (EC,/IC,,) capable of inhibiting

50% and 90%, respectively, of elimination was expressed in mg/L.
2.8 Anti-inflammatory activity by albumin protein denaturation

Theanti-inflammatory activitywas evaluated by the albumin protein denaturation
method by thermal degradation (Padmanabhan & Jangle, 2012).

The reaction mixture (4000 pL) consisted of 1000 pL of different concentrations
of essential oils and e silver nanoparticles (100-500 mg/L) diluted in PBS and 3000
pL of a solution to 10% albumin diluted in PBS and incubated at (37+1) °C for 15
minutes. Denaturation was induced by keeping the reaction mixture at 70°C in a
water bath for 10 minutes. After cooling, absorbance was measured at 660 nm in
a UV/VIS spectrophotometer. Inhibition of protein denaturation was expressed in
percentage and the 50% Efficient Concentration (EC,,/ IC,,) capable of inhibiting 50%

of denaturation was expressed in mg/L.
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3 RESULTS AND DISCUSSION

3.1 Chemical profile

Table 1 presents the chemical composition of the EO C. verum extracted in this study.

Table 1 - Chemical composition of the essential oil of Cinnamomum verum

Compound IR® IR¢ (%)?
Benzaldehyde 962 962 0,46
Camphene 986 986 0,38
Acetophenone 1032 1032 0,96
B-Pinene 1043 1042 0,28
Linalool 1091 1090 0,91
Camphor 1147 1146 0,67
Benzenepropanal 1163 1162 0,74
Borneol 1165 1164 0,3
cis-Cinnamaldehyde 1214 1215 2,22
Decanal 1222 1223 0,29
Decane,3-ethyl-3-methyl- 1228 1229 0,34
trans-Cinnamaldehyde 1234 1235 82,12
Dodecane, 2,6,10-trimethyl- 1319 1320 0,31
Copaene 1379 1379 2,26
Geranyl acetate 1393 1393 0,38
a-Famesene 1420 1420 0,46
Cinnamyl acetate 1438 1438 0,91
a-Muurolene 1440 1440 1,01
a-Guaiene 1489 1489 3,51
a-Calacorene 1590 1590 0,73

Source: Autorship (2025)

Note: a- Percentages obtained by peak area normalization FID; b-Linear Kovats retention indexes

(column DB-5) experimental; c-Theoretical linear Kovats retention indexes
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Table 1 shows the chemical constituents identified in the essential oil of C. verum.
Twenty-one compounds were quantified, with the majority trans-Cinnamaldehyde
(82.12%). Similar results are presented by Santurio et al. (2015), which used the barks
of C. verum, collected in Brazil, quantifying a total of 4 chemical constituents, with
the majority compound trans-cinnamaledehyde with a content of 64.98%. Discordant
data were presented by Teles et al. (2022), who collected the barks of the species of C.
verum in Brazil, quantifying 7 components in the extracted essential oil, being linalool
(53.53%), its major component. Discordant results were also shown by Castro et al.
(2020), who used the barks of C. verum, collected in Brazil, where they quantified a total

of 55 components, whose majority compound was a-Cadinol (8.72%).

3.2 UV-VIS characterization

Figure 1 presents the UV-Vis characterization of silver nanoparticles obtained

from the of C. verum essential oil nanoemulsion.

Figure 1 - UV-Vis characterization of silver nanoparticles obtained from the of C.

verum essential oil nanoemulsion

0,60

0,50 —AgNP-pH9
——AgNP - pH 10

0,40 —AgNP-pH 11

Absorbance
o
(O8]
o

Source: Authors (2025)
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Figure 1 presents the results referring to the UV-Vis characterization referring
to silver nanoparticles synthesized through Cinnamomum verum. A gradual variation
in the color from light yellow to brown was observed during the reaction, due to the
excitation of the plasmonic band (Mulfinger et al. 2007), as the pH elevation occurs.
The mean diameter obtained ranged from 42.11 to 29.81, according to Table 2.

To observe how efficient the synthesis of silver nanoparticles is, the application
in various types of pH using the nanoemulsion of Cinnamomum verum essential oil as a
reducing agent was studied. All samples were examined by UV-Vis spectroscopy from 320 to
800 nm and particle formation was observed by Surface Plasmonic Resonance (SPR) bands.

The stability of silver nanoparticles were predicted and their corresponding peak
of SPR absorption at pH from 9 to 11. It was observed that AgNPs were more stable at
higher pH. Itis clear from Figure 1 that at lower pH (pH = 9), the nanoparticles presented
a wider adsorption peak, which may be due to the larger size of the nanoparticles. By
increasing the pH from 9to 11, the intensity of the peaks was observed (Tahir et al. 2015).

The absorption spectra in UV-Vis have a band (SPR) around 420 nm, admitting the
formation of silver nanoparticles Helou (2018). It was observed in the UV-Vis spectrum
that the plasmonic resonance band is transferred to longer wavelengths, according to

the increase in reaction time, until stabilization around 420 nm.

Table 2 - Average size of the particle diameter of the AgNPs

C. verum Average diameter (nm) PDI Zeta potential (mV)
NPAg-NEO pH 9,0 42,11 0,477 -5,36
NPAg-NEO pH 10,0 35,14 0,355 -7,66
NPAg-NEO pH 11,0 29,81 0,304 -11,14

Source: Autorship (2025)
Note: PDI-Polydispersion Index; NPAg-NEO- silver nanoparticles;

The reason Cinnamomun verum was used as a reducing agent is due to the
presence of reducing compounds capable of synthesizing the nanoparticles. In this
species are found chemical compounds, such as the cinnamic aldehyde in the oily

phase around 65% and a variety of polyphenols around 35% (Helou, 2018).
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The bark of Cinnamomun verum is rich in terpenoides, including linalool,
eugenol and methyl chavicol (Jayaprakasha et al., 2002; Tung et al., 2008). Terpenoids
are believed to play an important role in the biosynthesis of silver nanoparticles by

reducing silver ions (Shankar et al., 2003).
3.3 Total Phenolic Content

Table 3 presents the results regarding the total phenolic content of the

C. verum essential oil.

Table 3 - Determination of Total Phenolic Content (TPC) of C. verum essential oil

EO TPC mg EAT g Equation R?

C. verum 126,11 y=0,0586x+0,06 0,9999

Source: Autorship (2025)
Note: EO - Essential oil; TPC - total phenolic content.

Table 3 presents the result for the quantification of Total Phenolic Content
(CFT). According to Table 1, lower results were presented by Behbahani et al. (2020)
when quantifying the CFT of 106.19 mg EAG g’ in the EO of Cinnamomum verum,
collected in Mashhad, Iran, and extracted by the hydrodistillation method.

Lower results were also observed by Valizadeh et al. (2015) when quantifying
the CFT of 53.74 mg EAG g in the EO of Cinnamomum verum, collected in Tehran, Iran,
and extracted by the hydrodistillation method.

According to Aliakbarlu et al. (2013) when quantifying the CFT of 4.89 mg EAG g,
the results obtained were lower for the EO of Cinnamomum verum, collected in Urmia,

Iran, and extracted by the hydrodistillation method.
3.4 Antioxidant activity

Table 4 presents the results regarding the antioxidant activity of silver nanoemulsion

and nanoparticle synthesized through the Cinnamomum verum essential oil.
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Table 4 - Antioxidant activity of C. verum essential oil nanoemulsion and nanoparticles

formulated from nanoemulsion

C. verum IC,, ppm Equation R?
NEO 1,85 a=49,165; b=36,808 0,9127
NPAg-NEO pH 9,0 200,98 a=0,1648; b=16,879 0,9979
NPAg-NEO pH 10,0 59,46 a=99,777; b=-127,030 0,9999
NPAg-NEO pH 11,0 78,80 a=42,180; b=-30,000 0,9999

Source: Authorship (2025)
Note: NEO-nanoemulsion; NPAg-NEO-silver nanoparticles

According to Table 4, where the values for the antioxidant activity of the
nanoemulsion of C. verum essential oiland the formulated bioproduct were quantified,
the best result for the nanoemulsion was noted, since it presents the lowest IC,.
According to Campos et al. (2003), to be considered active, an IC,, must be quantified
at values lower than 500 mg L. Thus, it was observed that the nanoemulsion of the
essential oil of C. verum and silver nanoparticles were active.

Lower results were described Mahomoodally et al. (2019), quantifying the IC,,
of 3.115 pyg mL" for the OE of C. verum. As per Leon-Méndes et al. (2018), quantifying
the IC,, of 59.00 ug mL" for the EO of C. verum and Mutlu et al. (2023), quantifying the
IC,, of 5.21 pg mL" for the EO of C. verum.

It was established that this essential oil has antioxidant activity, which
is attributed to the presence of phenolic and polyphenolic substances.
Cinnamaldehyde (3-phenyl-2-propanal) is the main component of C. verum oil from
the bark of the species. This compound has several substituters in the aromatic
ring, which are useful as starting material in the synthesis of its derivatives.
Cinnamaldehyde derivatives have been reported as useful compounds for various
applications (Pontiki et al., 2014).

The derivatives of cinnamic acids have been studied because they have
antioxidant, anti-inflammatory, antituberculosis and cytotoxic properties. Cinnamate

derivatives have been shown to have anti-inflammatory activity (Suryanti et al., 2018).
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3.5 Anti-inflammatory Activity

Table 5 presents the results regarding the anti-inflammatory activity of
nanoemulsion and silver nanoparticles synthesized through the C. verum essential oil.
According to Jonville et al. (2011), to be considered active, the IC,, must
be quantified in values lower than 0.13 mg mL"' and higher than this value is
considered moderate and interesting activity. Thus, it was observed that the
nanoemulsion of the essential oil of C. verum and silver nanoparticles were

moderate of interesting activity.

Table 5 - Anti-inflammatory activity of the C. verum essential oil nanoemulsion and

nanoparticles formulated from nanoemulsion

C. verum IC,, ppm Equation R?
NEO 0,2017 a=201,74; b=-10,704 0,9218
NPAg-NEO pH 9,0 0,3183 a=318,28; b=-4,7116 0,9954
NPAg-NEO pH 10,0 0,6154 a=0,0707; b=6,4887 0,9944
NPAg-NEO pH 11,0 0,4348 a=0,1161; b=-0,4854 0,9823

Source: Authors (2025)
Note: NEO-nanoemulsion; NPAg-NEO-silver nanoparticles.

Similar results were described by Gogoi et al. (2023), quantifying the IC,, of
0.15 pg mL"for the EO of C. verum. Also, analogous results were described by Shaw
et al. (2017), quantifying the IC,, of 1.00 pg mL" for the hydroalcoholic extract of C.
verum. As well as Sivakami et al. (2020), quantifying The IC_, of 212.10 pg mL" for
iron nanoparticle synthesized through the hydroalcoholic extract of C. verum.

It has been reported that C. verum is beneficial for the improvement of
many inflammatory diseases, including blood control glucose levels in arthritic
pain of diabetes. Despite its widespread use, research on its anti-inflammatory

properties was limited (Gunawardena et al., 2015).
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4 CONCLUSIONS

Finally, silver nanoparticles (AgNPs) were synthesized in an unprecedented way
fromthe essential oil nanoemulsion of C. verum. From the CG/MS itwas possible quantify
21 chemical constituents, with trans-cinnamaldehyde being the major constituent of
the essential oil of C. verum. In addition, the IC50 for the antioxidant activity of silver
nanoparticles, classified as active, were quantified.

The best result for this test was observed in the NOE and in the nanoparticle
with pH 10. silver nanoparticles were also carried out in an unprecedented way, where
all tested samples proved to be efficient for antioxidant activity, highlighting the best
result for NEO and for the formulation with pH 9. Therefore, it can be inferred that
this study brought unprecedented results for silver nanoparticles synthesized from
the essential oil nanoemulsion of C. verum, where it proved efficient in improving the
activities tested in this study, also demonstrating the effect of pH in these formulations.

Finally, silver nanoparticles (AgNPs) were synthesized in an unprecedented way
of the essential oil nanoemulsion of C. verum. there was a live proportional increase
in surface plasmon resonance of silver nanoparticles as Ph increased. From the GC/
MS it was possible to quantify twenty-one chemical constituents, the main constituent
trans-Cinnamaldehyde of the essential oil of C. verum.

In addition, the IC50 for antioxidant activity of silver nanoparticles, classified as active,
the best result for this test was observed in the NEO and in the nanoparticle with pH 10. In this
study, the quantification of the IC50 of the anti-inflammatory activity of silver nanoparticles
was also carried out in a unprecedented way, where all tested samples prove to be efficient
for antioxidant activity, highlighting the best result for NEO and for formulations with pH 9.

Therefore, it can be inferred that this study brought in an unprecedented way
the results for silver nanoparticles synthesized from the essential oil nanoemulsion of
C. verum, where it proved efficient in improving the activities tested in this study, also

demonstrating the effect of pH in these formulations.
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