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ABSTRACT

Arboviruses arouse the interest of public authorities because they present different diseases such as
Dengue, Zika, Chikungunya and Yellow Fever, and one of the ways to fight them is larvicidal action.
Thus, this study aimed to evaluate the chemical profile and larvicidal activity of essential oil and
nanoemulsions (O/W) of Cinnamomum zeylanicum against Aedes aegypti. In the present study, the plant
material was obtained in the city of Sdo Luis (MA) and the essential oil was extracted by hydrodistillation
in a modified Clevenger extraction system. The nanoemulsions were formulated by the low-energy
phase inversion method. The chemical profile was evaluated by the total phenolic content. Antioxidant
activity was performed by the hydroxyl radical decolorization method. The anti-inflammatory action
was evaluated by the protein albumin denaturation method. The larvicidal activity was evaluated by
the lethality bioassay against Aedes aegypti. Total phenolics were quantified at 118.66 mg EAT g, being
important predictors of pharmacological activities. Positive results were observed in the antioxidant
activity of essential oil and nanoemulsion, which resulted in EC,; of 80.27 mg L' and 166.42 mg L",
respectively, being classified as active potential. For the anti-inflammatory activity of nanoemulsion and
essential oil resulted in EC,, 42.21 mg L' and 225.13 mg L. The larvicidal activity showed promising
results where the LC_ in 22.01 mg L of the essential oil and LC, in 5.30 mg L' of the nanoemulsion,
bringing unprecedented and expressive results for the nanoemulsion. Finally, the observed results
guarantee the effectiveness of the Aedes aegypti arbovirus vector.
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RESUMO

As arboviroses despertam interesse do poder publico por apresentarem doencas diversas como a
Dengue, Zika, Chikungunya e Febre Amarela e uma das formas de combate é acdo larvicida. Desta
forma, este estudo teve por objetivo avaliar o perfil quimico e atividade larvicida do 6leo essencial e
nanoemulsdes (O/A) de Cinnamomum zeylanicum frente Aedes aegypti. No presente estudo, o material
vegetal foi obtido no municipio de Sdo Luis (MA) sendo realizada a extracao do 6leo essencial por
hidrodestilagdo em um sistema extrator Clevenger modificado. As nanoemuls8es foram formuladas
pelo método de baixa energia de inversdo de fases. O perfil quimico foi avaliado pelo contetddo fendlico
total. A atividade antioxidante foi realizada pelo método de descoloracdo de radicais hidroxila. A
acao anti-inflamatéria foi avaliada pelo método de desnaturacdo proteica de albumina. A atividade
larvicida foi avaliada pelo bioensaio de letalidade frente Aedes aegypti. Os fendlicos totais foram
quantificados em 118,66 mg EAT g, sendo importantes preditores para atividades farmacolégicas.
Resultados positivos foram observados na atividade antioxidante do éleo essencial e da nanoemulsao
que resultaram em CE,  de 80,27 mg L' e 166,42 mg L', respectivamente, sendo classificadas em
potencial ativo. Para a atividade anti-inflamatéria da nanoemulsao e do éleo essencial resultaram em
CE,, 42,21 mgL"'e 225,13 mgL". A atividade larvicida apresentou resultados promissores onde sendo
as CL,,em 22,01 mg L" do 6leo essencial e CL,, em 5,30 mg L' da nanoemulsdo, trazendo resultados
inéditos para a nanoemulsao e expressivos. Por fim, os resultados observados garantem a eficacia da
formulagao frente ao vetor de arboviroses Aedes aegypti.

Palavras-chave: Arboviroses; Nanoemulsdo; Oleo essencial; Cinnamomum zeylanicum

1 INTRODUCTION

Nanoscience and nanotechnology refer to the study and technological
applications of matterindimensions between 1and 200nm.Asaresult, itisassumedthat
the current difficulty is the unfamiliarity with this nanometric universe (Melo&Pimenta,
2010). Emulsions are systems made up of two or more immiscible liquids where one is
called the dispersed phase and the other the dispersing phase. They are classified as
macroemulsions, microemulsions and nanoemulsions.

The pharmaceutical and cosmetic industries are on the podium in the use of
emulsions, these materials are vehicles for the transport of encapsulated actives and/or
drugs coming from medicinal plants (Morais, 2008). It is estimated that approximately
80% of the world population has already used vegetables to relieve the symptoms of

some disease. In the late nineteenth century, the World Health Organization (WHO)
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reported that 65% to 80% of the population in underdeveloped countries depended
exclusively on medicinal plants for their health system (Veiga Junior et al., 2005).

Among the products coming from medicinal plants are essential oils, which
are groups of volatile compounds coming from plants, coming from the secondary
metabolism of plants, varying their concentration for each essential oil and
differentiated between major and minor compounds, these being the components
that give the phytotherapeutic characteristics of the bioproduct or its chemical and
biological properties (Gobbo-Neto, 2007).

The significance of identifying new bioactive compounds lies in their potential
activity across various in vitro models, particularly in the context of disease combat
and the development of innovative therapies. Recent studies highlight the discovery
of phytochemicals in plants such as Vassobia breviflora, which have demonstrated
antioxidant, antimicrobial, and cytotoxic properties in in vitro assays (Viana et al.,
2022; Viana et al., 2025). These compounds, detected using techniques like ESI-TOF-
MS, show promising activity against multi-resistant bacteria and exert cytotoxic
effects on different cancer cell lines, including melanoma, lung carcinoma, and
glioblastoma (Viana et al., 2022).

Furthermore, in vitro evaluations have revealed that these compounds can
modulate reactive oxygen species (ROS) production and influence apoptotic signaling
pathways, reinforcing their therapeutic potential (Viana et al., 2022; Viana et al., 2025).
Therefore, the search for novel bioactive compounds and the assessment of their activity
in vitro are crucial steps toward expanding the arsenal of treatment options, ultimately
contributing to the development of more effective and safer therapeutic strategies.

Furthermore, these bioproducts, when coupled to nanostructured systems,
increase their biological potential in wide application, due to the size of the particles and
also reduce their toxicity potential, as the hydrophobicity of essential oils in their contact is
facilitated by means of the emulsion. As is the case for the larvicidal activity of Cinnamomum

zeylanicum essential oil incorporated into the nanoemulsion (Felizardo et al., 2021).
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C. zeylanicum belongs to the Lauraceae family, popularly known as cinnamon,
being widely used in the food and medicine industry over the years, it has several
bioactivities, including analgesic, antiseptic, anti-cancer, anti-spasmodic, coagulant,
neuroprotective properties, hepatoprotective, gastroprotective, protection potentials,
antimicrobials, and larvicidal activity (Santos, 2020).

Within this, it is important to emphasize the growing importance of studies with
medicinal plants for the development of drugs with biologically active properties and
without or minimal toxicological responses (Souza, 2010). Thus, this study aimed to
evaluate the chemical profile and larvicidal activity of essential oil and nanoemulsions

(O/W) of C. zeylanicum against Aedes aegypti.

2 METHODOLOGY

2.1 Obtaining plant material

The shell samples from Cinnamomum zeylanicum (cinnamon) were obtained
in the municipality of Sdo Luis - MA. The plant material was transported to the
Laboratory for Research and Application of Essential Oils (LOEPAV/UFMA), where

they were crushed to extract the essential oil.
2.2 Essential oil extraction

For the extraction of essential oils, the hydrodistillation technique was used
with a glass Clevenger extractor coupled to a round-bottomed flask packed in an
electric blanket as source of heat. 100g were used, adding distilled water (1:8). The
hydrodistillation was carried out at 100°C for 3h collecting the extracted essential oil.

Eachessential oilwasdried by percolation with anhydrous sodium sulfate (Na2504)
and centrifuged. These operations were performed in triplicate and the samples were

stored in amber vials under refrigeration at 4°C. Subsequently submitted for analysis.
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2.3 Total Phenolic Content (CFT)

The determination of the total phenolic compounds of the essential oil and of the
microparticles was carried out with adaptation of the Folin-Ciocalteu method (Waterhouse,
2002). 5 mg of the essential oil diluted in 1 ml of ethanol was used. To this solution, 3 mL
of distilled water, 500 pL of Folin-Ciocalteu reagent and 2.0 mL of 20% sodium carbonate
were added. After two hours, the reading was performed in a UV-VIS spectrophotometer

at a length of 760 nm. The standard curve was expressed in mg L of tannic acid.
2.4 Antioxidant activity

Antioxidant activity was performed by the spectrophotometric method of
scavenging hydroxyl radicals from salicylic acid, as described by Smirnff&Cumbes
(1989) and Sundararajan et al. (2016).

Nanoemulsion and essential oils in different concentrations from 10-500 mg L were
dissolved in 0.2% DMSO and distilled water, respectively. At these concentrations, TmL of
salicylic acid (9 mM), 1 mL of ferrous sulfate (9 mM) and 1 mL of hydrogen peroxide (9mM)
were added. Ascorbic acid was used as a positive standard. The reaction mixture was
incubated for 60 min at 37°Cin a water bath; after incubation, the absorbance of the mixtures

was measured at 510 nm using a UV/VIS spectrophotometer and the EC, | calculated.
2.5 Preparation of nanoemulsions (O/A)

The preparation of nanoemulsions was carried out according to the adapted
methodologies described by Lima et al. (2020), Sugumar et al. (2014), Kubitschek et al.
(2014) and Rodrigues et al. (2014). The oil-in-water nanoemulsion was formulated with
each oil, nonionic surfactant (tween 20) and water. The required amounts of each oil
phase constituent (oil+Tween20) were heated to 65 + 5 °C. The aqueous phase was heated
separately to 65 + 5°C, providing a primary formulation, by the phase inversion method.

Final homogenization was achieved using a magnetic stirrer, in which the

formulation remained under constant agitation at 6000 rpm, until reaching atemperature
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reduction to 25 °C £ 2 °C. Subsequently, they were sonicated in an ultrasound bath for
10min. To prove stability, the formulated emulsion was subjected to different stress tests
(Shafig et al., 2007). Heating-cooling cycle: it was carried out keeping the nanoemulsion
formulated at 40 and 4°C, alternating each temperature for 48 hours. The cycle was
repeated three times. Freeze-thaw stress: nanoemulsion alternatively at -21 and 25 °C
for 48h at each temperature. The cycle was repeated three times. The formulations that

passed the thermodynamic stress tests were taken to larvicide action studies.
2.6 Anti-inflammatory activity

The anti-inflammatory activity was evaluated by the protein denaturation
method (Padamanabhan & Jangle, 2012). The reaction mixture (5 mL) consisted of
2mL of different concentrations of the essential oil (100-500 mg L") and 2 ml of a 10%
solution of albumin diluted in PBS and incubated at (37+1) °C for 15 minutes.

Denaturationwasinduced by keeping the reaction mixture at 60°Cin a water bath
for 10 minutes. after the cooling, absorbance was measured at 660 nm. The inhibition
of protein denaturation was expressed in percentage and the Efficient Concentration

50% (EC,/IC,,) capable of inhibiting 50% of the denaturation was expressed in mg L.
2.7 Larvicide activity

Eggs were collected in Sdo Luis/MA, using traps called ovitraps. These consist
of brown (500 ml) polyethylene buckets with 1 ml of brewer’s yeast and 300 ml of
running water and two Eucatex straws are inserted for the mosquito to lay eggs. The
traps were inspected weekly to replace the straws and collect eggs and were sent to
the Laboratory for Research and Application of Essential Oils (LOEPAV/UFMA) of the
Technological Pavilion of the Federal University of Maranhao - UFMA.

Initially, Aedes aegypti eggs were placed to hatch at room temperature in a circular
glass aquarium containing mineral water. The identification of the species followed

the methodology proposed by Forattini (1962). The larvae obtained are fed with cat
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food according to Silva’'s methodology (1995) until they reach the third and fourth in
stars, the age at which the experiments were carried out.

The tests for larvicidal activity were carried out according to the adapted
methodology proposed by Silva (2006). Initially, a 100 mg L' stock solution of
each of the essential oils was prepared and diluted in a 2% DMSO solution and
nanoemulsions (free of dilution). From this solution, five dilutions were prepared
at concentrations 1.0-90.0 mg L. At each concentration, 10 larvae were added at
the rate of 1 ml per larva.

All tests were performed in triplicate and a 2% DMSO solution was used as a
negative control, and a 70% v/v ethanol (PA) solution was used as a positive control.

After 24 hours the count of live and dead was carried out, with larvae that do
not react to touch being considered dead after 24 hours from the beginning of the
experiment. To quantify the efficiency of essential oils and nanoemulsions, the statistical

test of Probit (Finney, 1952) and classification of the action by Cheng et al. (2003).

3 RESULTS AND DISCUSSION

3.1 Total Phenolic Content
The total phenolic content (TFC) of the essential oil of C. zeylanicum is shown in Table 1.

Table 1 - Total Phenolic Content (CFT) for C. zeylanicum essential oil

CFT Equation R2
EO 118.66 mg EAT g y = 0.058x + 0.0600 0.9998

Note: EO - essential oil
Source: Autorship (2025)

A similar result was presented by Behrooz et al. (2020) which quantified the

phenolics present in the EO of C. zeylanicum at 106.19 mg GAE/g dry essential oil.
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Furthermore, the quantification of phenolicsin 53.74 mg of gallic acid equivalent/
mL in an EO of C. zeylanicum presented by Valizadeh et al. (2015) comparatively lower
than that presented in this study.

The total phenolic content (CFT) observed for the essential oil of C. zeylanicum
they are often associated with antioxidant activities, anti-inflammatory properties and
decreased cardiovascular risks (Singh et al., 2012). Still, generally associated with food
because they inhibit lipid oxidation, in addition to acting in processes such as color,
astringency and aroma (Soares, 2002).

The differences observed between the studies are due to the different parts
of plants or even climate and geographic location resulting in quantitative changes
in chemical compounds, in the case of the essential oil of C. zeylanicum, it is observed
that the oil extracted from the leaves is the major component. eugenol and when the

essential oil is extracted from the bark it is cinnamaldehyde (Andrade et al., 2012).
3.2 Antioxidant activity

The results obtained for the antioxidant action of the essential oil and the

nanoemulsion of C. zeylanicum are shown in Table 2.

Table 2 - Antioxidant capacity of C. zeylanicum quantified by EC,

EC,, Equation R2
EO 80.27 mg L' y =99.681x - 139.85 0.9994
NEO 166.42 mg L' y = 62.586x - 89.016 0.9815

Note: EO - essential oil; NEO - essential oil nanoemulsion; CE - Efficient Concentration
Source: Autorship (2025)

The results observed in Table 2 confirm the effective action of the essential oil
according to the criteria used by Campos et al. (2003) which classifies natural products
with CE, lessthan 500 mg L as potentially active and promising for antioxidant purposes.

The observed activity is affirmed by Ruberto & Baratta (2000) after performing

two model systems for the antioxidant efficiency, and as a conclusion it was proved
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that phenols are responsible for this activity, constituents that were observed in
the previous item of this study.

Theantioxidantaction fortheanalyzed essential oilis also proven byJayaprakasha
et al. (2003) that proved the antioxidant action of the essential oil of C. zeylanicum
when performing the antioxidant activity test by the phosphomolybdenum method
and proved that it has a radical reduction action of up to 66% at a concentration of
200 mg L. Schmidt et al. (2006) also confirm the efficiency of C. zeylanicum essential
oil as an antioxidant due to its inhibition of lipid peroxidation, using the evaluation of
antioxidant activity in the linoleic acid model system.

Results that confirm the antioxidant capacity of C. zeylanicum, was also
observed in alcoholic extracts both in leaves and in bark in the study carried out
by Abeysekera et al. (2013).

The antioxidant action observed is the result of compounds that supply
electrons or hydrogen and contribute to the formation of stable intermediate radicals
during the reaction with free radicals and are characterized as molecules that have
a benzene ring linked to one or more hydroxyl groups. Phenolic compounds are
related to the amount of plant antioxidants, so their quantification is important (Silva
et al., 2010) and is presented in this study.

The antioxidant characteristics of the studied essential oil are focused on the
search for natural antioxidants due to the fact that synthetic antioxidants have been
associated with toxic effects in recent years, based on this natural antioxidants are
gaining fame for their responsibility to be free radical scavengers, interrupting the
chain reaction, in addition, act in the oxidative process catalyzed by metals both in
vivo and in vitro (Del Ré, 2012)

The results presented in Table 2 are promising since the main mechanisms
involved in the pathogenesis and progression of chronic diseases such as cancer,
cardiovascular and inflammatory diseases are related to oxidative stress that are

solved with antioxidant agents (Krishnaiah et al., 2011).
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3.3 Anti-inflammatory Activity

Table 3 shows the results obtained regarding the anti-inflammatory activity of

the C. zeylanicum nanoemulsion and its respective essential oil.

Table 3 - Quantification of the anti-inflammatory capacity of C. zeylanicum

EC,, Equation R2
NEO 42.21 mgL" y =43.857x - 21.286 0.9986
EO 225.13 mg L’ y = 143.94x - 288.61 0.9437

Note: EO - essential oil; NEO - essential oil nanoemulsion; CE - Efficient Concentration
Source: Autorship (2025)

After performing the experiments, the 50% Efficient Concentration assay
quantified an EC.  at 225.13 mg L™ for the action of the essential oil to inhibit aloumin
denaturation by thermal degradation. For the activity of the nanoemulsionincorporated
into the essential oil of C. zeylanicum, an EC,, of 42.21 mg L was obtained.

This study refers to the nanoemulsion of C. zeylanicum with anti-inflammatory
action is unprecedented. However, other nanoemulsions were used and proven for such
activity in the literature as in the study by Elshamy et al. (2020), injecting carrageenan in the
paw of the rat and, as a consequence, edema, it was observed anti-inflammatory activity
of the nanoemulsion of Araucaria heterophyllaresin, reducing edema by 32.0%, 30.3%
and 39.0%. Another study carried out by Borges et al. (2018) also using the carrageenan-
induced rat paw edema assay evaluated the nanoemulsion potential in models of
inflammation, administering 498 pg kg' inhibited the peak edema peak by 46%.

According to Borges et al. (2019) inflammation is a response of the immune
system due to injury, stress or infection in the body’s tissues and anti-inflammatory
drugs are intended toprevent or alleviate this inflammation reaction and its failure
to resolve it leads to pathological conditions.

The essential oil of C. zeylanicum showed satisfactory in vitro anti-inflammatory

activity, being justified by the presence of phenolics in their composition, as they have
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hydroxyl and aromatic rings in their chemical structures, which guarantees the anti-

inflammatory property (Soares et al., 2015).

3.4 Larvicide activity

Table 4 presents the results regarding larval mortality Aedes aegypti against the

action of essential oiland in an unprecedented way for the nanoemulsion of C. zeylanicum.

Table 4 - Larvicidal activity against Aedes aegypti for the essential oil of C. zeylanicum

Concentration %Mortality CL,, mg L’ 6 X? R2
100 93.30
75 73.30
EO >0 >3.30 22.01 0.691 0.994 0.845
25 50.00 (12.70-38.16)
10 36.70
5 20.0
100 100.0
75 92.2
50 71.2 5.30
NEO 5t 59.9 (1.92-14.65) 0.913 0.983 0.816
10 57.8
5 33.0
Positive control All active larvae
Negative Control All inactive larvae
White All inactive larvae

Source: Autorship (2025)

AsshowninTable4,larvae mortalitywas observed.Aedes aegyptiatconcentrations
of up to 5 mg L' for the essential oil and C. zeylanicum nanoemulsion.

The CL,, evaluated for essential oil and nanoemulsion were below 50 mg L,
being classified by Cheng et al. (2003) as a very active action of the essential oil, its
potential use and application being encouraged. It is important to emphasize that the
nanoemulsion bioproduct had a LC, relatively lower than that of the essential oil.

It is important to emphasize that the study presents the nanoemulsion
of C. zeylanicum by low energy phase inversion method targeting the biological

activities tested in this study.
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Similar results are pointed out by Porto (2016) when presenting the larvicidal
action of the essential oil of C. zeylanicum against Aedes aegypti also obtaining a
mortality of 100% after 24h of application of essential oil at concentrations of 10 to
20mg L. Warikoo et al. (2011) also observed larvicidal activity of C. zeylanicum essential
oil at commercial concentrations of 0.63 mg mL" against Indian strains of Aedes aegypti
mosquito larvae, thus ensuring biological potential.

Pereira et al. (2016) also observed 100% mortality of larvae Aedes aegypti
when in contact for 24h, but at a concentration of 125 ppm of the essential oil from
the leaves of C. zeylanicum, and its LC,, was 55.94 mg L". This result highlights the
use of the bark of the species, since the mortality associated with the larvae was
much higher at lower concentrations.

This fact can be justified, since the larvicidal activity is guaranteed by the majority
component of the essential oil, in the case of C. zeylanicum we have Eugenol as the
majority when the essential oil is extracted from the leaves, corroborated by Lima et
al. (2005) who identified the presence of 60% eugenol in leaves compared to branches
(3%). However, when this essential oil is extracted from the barks Silva et al. (2018)
describe cinnamaldehyde as the major component of the essential oil of C. zeylanicum
extracted from the bark, presenting approximately 60 to 75% of its constituents.

The larvicide action for nanoemulsions of C. zeylanicum is described for other
disease vectors. Firooziyan et al. (2021) report that nanoformulation by phase inversion
was able to eliminate 100% of the larvae at concentrations of 37 mg L', ensuring the
efficiency of the larvicidal activity of nanoemulsion associated with the essential oil of
C. zeylanicum, generating reliability to the expected result in the present study.

Other nanoemulsions are described in the literature for larvicidal action,
such as Saavedra et al. (2018), in their present study on the larvicidal activity of P.
fragrantissimum nanoemulsion, showed that with 150 mg L' they were able to achieve
100% mortality of Aedes aegyptilarvae. Also, Brazil (2017) describes the larvicidal activity
of the nanoemulsion associated with Pterocaulon polystachyum essential oil using a

concentration of 750 mg L' obtained 80% mortality of A. aegypti larvae.
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4 CONCLUSIONS

Finally, this study demonstrates that the EO of C. zeylanicum has bioactive
characteristics, with the larvicidal activity of the nanoemulsion being classified as very
active and unprecedented against Aedes aegypti larvae and brings expressive and

important results for the control and combat of arboviruses.
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