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Abstract
Background  Clove volatile oil (CVO) and its major compound, eugenol (EUG), have anxiolytic effects, but their clinical 
use has been impaired due to their low bioavailability. Thus, their encapsulation in nanosystems can be an alternative to 
overcome these limitations.
Objectives  This work aims to prepare, characterize and study the anxiolytic potential of CVO loaded-nanoemulsions (CVO-
NE) against anxious-like behavior in adult zebrafish (Danio rerio).
Methods  The CVO-NE was prepared using Agaricus blazei Murill polysaccharides as stabilizing agent. The drug-excipient 
interactions were performed, as well as colloidal characterization of CVO-NE and empty nanoemulsion (B-NE). The acute 
toxicity and potential anxiolytic activity of CVO, EUG, CVO-NE and B-NE against adult zebrafish models were determined.
Results  CVO, EUG, CVO-NE and B-NE presented low acute toxicity, reduced the locomotor activity and anxious-like 
behavior of the zebrafish at 4 – 20 mg kg–1. CVO-NE reduced the anxious-like behavior of adult zebrafish without affecting 
their locomotor activity. In addition, it was demonstrated that anxiolytic activity of CVO, EUG and CVO-NE is linked to 
the involvement of GABAergic pathway.
Conclusion  Therefore, this study demonstrates the anxiolytic effect of CVO, in addition to providing a new nanoformulation 
for its administration.
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Introduction

Anxiety disorders involve a dysfunctional response to 
potential threats, resulting in excessive worry and fear [1]. 
Furthermore, anxiety disorders represent the most common 
type of emotional illnesses, and patients suffering from these 
conditions have a high degree of functional impairment and 
a significant decrease in life quality [2]. Despite the pre-
dominance of these disorders and their impact on people's 
mental health, the pharmacotherapy currently used is not 
effective, showing the importance of researching new drugs 
to treat these conditions [3].

Volatile oils are colorless and generally aromatic liquids 
found in practically all parts of plants, such as seeds, bark, 
flowers and stems [4]. Eugenol (EUG) is a natural phenolic 
compound and the main constituent of clove volatile oil 
(CVO), Syzygium aromaticum (L.) Merr. & L.M Perry, which 
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is responsible for most of its pharmacological properties [5, 
6]. The anxiolytic activity of the hydroalcoholic extract of S. 
aromaticum L., investigated using the elevated plus maze and 
light–dark models, has been reported in previous studies [7]. 
In parallel, it has been reported that S. aromaticum L. exerts 
anesthetic and analgesic activities, and that its main constitu-
ent, eugenol, is able to activate GABA-A receptors [8].

The traditional use of S. aromaticum L. extends to other 
conditions of clinical importance; such as skin infections, 
wound healing, gastric disorders and neurodegenerative dis-
eases. It is important to mention that CVO is also one of the 
main essences used in aromatherapy for stress reduction and 
relaxation [9–11]. However, its volatility, chemical instabil-
ity and hydrophobicity has restricted its clinical use [12]. 
Therefore, a strategy to overcome these problems may be 
its encapsulation in nanoemulsions [13].

Nanoemulsions are mechanical dispersions with droplets 
on nanoscale formed by two immiscible liquids that are sta-
bilized by emulsifiers. These systems have been increasingly 
used in volatile oil encapsulation in order to improve their 
application in the pharmaceutical and food industries [14]. 
Despite the volatile oil of cloves being considered GRAS 
by the Food and Drug Administration, there are reports in 
the literature of its irritating effect on the skin and mucosa 
[15]. Allied to this, the nanoencapsulation of eugenol, the 
major compound of this volatile oil, was able to reduce its 
cytotoxicity against human neutrophils and improve its anti-
inflammatory activity [16].

Corroborating these properties, the use of nanoemulsions 
associated with polysaccharides from Agaricus blazei Murill 
mushroom (PAb) can help to improve the physicochemical 
features of the formulation containing CVO and to add this 
formulation in terms of bioactivity. We reported the different 
biological activities of polysaccharides isolated from Agari-
cus blazei Murill or Agaricus brasiliensis in a recent review 
[17]. Thus, the work aims at the development of nanoemul-
sions loaded with clove volatile oil stabilized by polysac-
charides isolated from Agaricus blazei Murill, in order to 
evaluate its anxiolytic potential through an experimental 
model using adult zebrafish.

Experimental

Materials

Coconut oil was obtained from Nutiva® (Brazil). Tween 80 
and eugenol were purchased from Sigma-Aldrich® (USA). 
Diazepam (DZP) and flumazenil (FMZ) were obtained from 
Neo Química® and Sandoz®, respectively. DMSO was pur-
chased from Dinâmica® (Brazil). Agaricus blazei (SisGen: 
AC29F45) was purchased from Blazei Murril® DEC (São 
Paulo, Brazil). Clove buds (Syzygium aromaticum L.) were 

purchased in the Mercado São Sebastião, Fortaleza, Ceará 
State, Brazil. All other chemicals used were analytical grade. 
Clove buds were used for extraction of volatile oil by hydr-
odistillation and characterized by GC–MS [18]. Agaricus 
blazei Murill polysaccharides were isolated and character-
ized as reported previously [19].

Preparation of nanoemulsions

Nanoemulsions were prepared according previous work, 
where a 32 factorial design was employed to choose the 
vehicle with better physicochemical properties [18]. F8 for-
mulation was chosen for the incorporation of PAb (0.25%, w 
w–1) in the aqueous phase, composed by Tween 80 (0.05%, 
w w–1) and ultrapurified water (enough for 10 g of formula-
tion); while the organic phase consisted of coconut oil (0.5%, 
w w–1) and CVO (0.05%, w w–1). After pouring the aqueous 
phase into the oil phase, the system was pre-emulsified by 
magnetic stirring (500 rpm/10 min). Then, the ultrasonica-
tion was continued in a Sonifer W-450D device (Branson®) 
at 30 kHz for 1 min (70% of intensity, 5 s on/10 s off).

Droplet size, polydispersity index (PdI) and zeta 
potential

Nanoemulsions were diluted in deionized water (1:1000, v 
v–1) at 25 °C. Droplet size and PdI were measured using a 
Zetasizer Nano ZS90 particle size analyzer (Malvern®, UK) 
at 90°. The surface charge of the particles was evaluated by 
electrophoretic mobility using the same equipment, and the 
result was expressed as zeta potential in millivolts.

Fourier transform infrared spectroscopy (FTIR)

Infrared spectra were obtained using a spectrometer (70v, 
Bruker Vertex®, Canada) with an attenuated total reflec-
tance (ATR) accessory. The analysis was performed in the 
range of 4000 to 600 cm−1.

Differential scanning calorimetry (DSC)

DSC analysis was carried out in a DSC 50 instrument (Shi-
madzu®, Japan). Where, samples of approximately 5 mg 
were added in aluminum support. The analyses were carried 
out on a heating ramp between 25 and 300 °C at 10 °C min–1 
under nitrogen atmosphere (50 mL min–1).

Eugenol content and encapsulation efficiency

The determination of eugenol content in nanoemul-
sions and encapsulation efficiency (EE) was per-
formed by spectrophotometry as reported previously 
(y = 0.049x + 0.044; R2 = 0.999; LOD = 0.03 µg mL–1 and 
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LOQ = 0.09 µg mL–1) [20]. The assays were conducted in 
a ThermoScientific® model spectrophotometer (Genesys 
6), using 230 nm as reading wavelength. EE was deter-
mined using Eq. 1.

Anxiolytic activity in zebrafish

Animals

Adult zebrafish (Danio rerio), males and females, (n = 6/
group), aged 60–90  days, sizes of 3.5 ± 0.5  cm and 
weight 0.4 ± 0.1 g were used for this study. Animals were 
acclimated for 24 h in 10 L glass aquariums (30 × 15 × 20 
cm3), containing dechlorinated water (ProtecPlus® anti-
chlorine, 25 °C and pH 7.0), circadian cycle of 12/12 h 
(light/dark). The fish were fed with commercial food 
ad libitum 24 h before the experiments. The animals were 
sacrificed by immersion in cold water (4 °C). All pro-
cedures were approved by the Animal Use Ethics Com-
mittee of the State University of Ceará (CEUA-UECE), 
under protocol no. 04983945/2021.

Experimental groups

Zebrafish (n = 6/group) were treated intraperitoneally 
with 20 µL of the samples: EUG (4, 12 or 20 mg kg–1), 
CVO (4, 12 or 20 mg kg–1), CVO-NEO (clove volatile 
oil at 4, 12 or 20 mg kg–1), B-NE (volume equivalent to 
the CVO-NEO), diazepam (DZP, 40 mg kg–1), flumazenil 
(FMZ, 4 mg kg–1) or vehicle (control, 3% DMSO, v v–1).

Acute toxicity (96 h)

Toxicity evaluation was performed against adult zebrafish, 
according to the protocol 203 from OECD to determine 
the LD50–96 h [21]. During 96 h, the number of dead fish 
in each experimental group was determined and the LD50 
was calculated according to Spearman-Karber method as 
described previously [22].

Open‑field test

After 30 min of intraperitoneal (i.p) treatments, the animals 
were placed in Petri dishes (10 × 15 cm2), with quadrants, 
and their locomotor activity was analyzed through the aver-
age number of crossed lines during 5 min. The treatments 
(i.p.) and insulin syringes (0.5 mL; UltraFine® BD) were 
both implemented with a 30-gauge needle. Thus, through 

(1)EE(%) = [(Total amount of drug − free drug)∕Total amount of drug] × 100

this test it was possible to analyze possible locomotor alter-
ations, such as sedation or muscle relaxation [23].

Light–dark box test

In the light–dark test, fish have a natural preference for 
the dark side as a defense mechanism due to their aver-
sion to new environments, and anxiolytic drugs induce an 
increase in the time spent and explored in the light com-
partment of the aquarium [1, 24]. This experiment con-
sisted in evaluating the animals' permanence in the clear 
zone of the aquarium (30 × 15 × 20 cm3), which presented 
a division between clear and dark areas. The animals' 
anxious behavior was induced by filling the aquarium 
with water different from the conventional environment. 
Thirty minutes after the administration of the samples, 
the animals were placed in the clear zone and the poten-
tial anxiolytic-like activity was investigated by measur-
ing the animals' permanence in this region during 5 min 
of evaluation [25].

GABAergic neuromodulation

The GABAergic system involvement in the mechanism of 
action of the samples that showed anxiolytic effect was 
studied through pre-treatment with FMZ (GABAA antago-
nist) [24]. Initially, the animals were pre-treated with FMZ 
(4 mg kg–1, 20 μL/i.p.) and after 15 min, the lowest dose 
with anxiolytic activity was administered, according to the 
different experimental groups (CVO, EUG, and CVO-NE). 
Three percent (3%) of DMSO (20 μL/i.p) was used as neg-
ative control. DZP (40 mg kg–1, 20 μL/i.p) was the agonist 
used. After 30 min, the animals were submitted to the 
light/dark test according to the method aforementioned.

Statistical analysis

Data distribution was analyzed using the Shapiro–Wilk 
test. One-way ANOVA followed by Tukey's test was used 
to identify significant differences (confidence interval: 
95%, p < 0.05) between experimental groups. Statistical 
analyses were performed using the software GradPad 
Prism version 6.0.

Results and discussion

Drug‑excipient interactions

Figure 1A presents the results of the drug-excipient inter-
actions by FTIR. The broad and strong bands presenting 
around 3200 cm–1 refer to the stretching of the O–H bond 
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of the hydroxyl groups. The low intensity bands located at 
2900 cm–1 refer to the stretching of the C-H bond of methyl-
ene groups (CH2). The FTIR spectra obtained for coconut oil 
and PAb showed strong bands between 1750 and 1700 cm–1, 
which are related to the stretching of the C = O bond of car-
bonyl groups that are present in the coconut oil’s fatty acids 
and in the protein fraction of the proteoglycan complex. 
Around 1100 cm–1 there is a medium intensity band present 
in the spectra obtained for polysaccharides, coconut oil and 
Tween 80. This band refers to the stretching of the C-O bond 
and it is characteristic of polysaccharides, as it indicates the 
glycosidic bond [21].

The FTIR spectrum obtained for CVO is very simi-
lar to that reported for EUG (major compound of CVO). 
The characteristic bands of EUG include the O–H 
(3500  cm–1), C-H (2937  cm–1) and C–C aromatic ring 
stretches (1636, 1614 and 1604 cm–1). Although these 
regions are common to the other excipients used in nano-
formulation, the bands located at 720 (− CH2 bending) 
and 890 (–C = CH2 bending) cm–1 confirmed the pres-
ence of CVO in the physical mixture. These bands were 
also verified in eugenol-loaded chitosan nanoparticles in 
other studies [5, 26]. On the other hand, the FTIR spec-
trum obtained for CVO-NEO showed bands similar to the 
constituents of the aqueous phase (mainly PAb), which is 
suggestive of the almost complete encapsulation of this 
bioactive in the droplet’s core.

Figure 1B presents the results of the drug-excipient 
interaction study using DSC. The DSC curve obtained 
for CVO showed an endothermic peak at 236 °C, which 
corresponds to its volatilization; in addition, this peak 
is similar to that reported in the literature for the boil-
ing temperature of EUG [27]. This peak was shifted to 

128 °C in the DSC curves obtained for physical mixture 
and CVO-NE. This reduction may be due to the solubili-
zation of the different hydrophobic constituents of CVO 
in the emollient used (coconut oil), which then under-
goes melting at 35.4 °C. The solubilization of terpenoids 
from clove volatile oil in coconut oil contributes to the 
increase of their amorphous character, which requires 
less energy for physical state changes to occur. Results 
like this have been reported in the literature for nano-
particles loaded with volatile compounds [28]. The other 
excipients did not present important thermal events in the 
temperature range under study, being observed only the 
event referring to the CVO in the physical mixture and in 
the nanoformulation.

Nanoemulsion characterization

The hydrodynamic diameter of the developed nanoemul-
sions ranged from 227 to 333 nm (Fig. 2a). The formulation 
containing the encapsulated CVO showed smaller droplet 
size variation when compared to the B-NE. PDI values of 
the CVO-NE remained between 0.1 and 0.3, indicating that 
the droplet population present in the system is moderately 
polydisperse (Fig. 2b). After three months, B-NE showed 
a polydisperse character (PDI > 0.4) [18, 29]. The results 
obtained for CVO-NE were promising, since drug deliv-
ery systems with a hydrodynamic diameter around 200 nm 
showed efficacy in biodistribution/accumulation in the brain 
of adult zebrafish [30].

Both formulations developed in this work showed a neg-
ative surface charge, which can be attributed to the ioni-
zation of the fatty acids of the emollient employed. The 
zeta potential of the formulations remained between –32 

Fig. 1   Drug-excipient compatibility study through FTIR (A) and DSC (B) analysis: (a) Clove volatile oil; (b) coconut oil; (c) Tween 80; (d) 
Polysaccharides from Agaricus blazei Murill; (e) Clove volatile oil-loaded nanoemulsion and (f) physical mixture
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and –22 mV during the analysis time (Fig. 2c). It is worth 
mentioning that the CVO-NE showed higher zeta potential 
modulus values when compared to the B-NE, which indi-
cates that the encapsulation of this bioactive contributes 
to the increase of the electrostatic stability of the system. 
This explains why the formulation containing the CVO 
presented lower hydrodynamic diameter and PDI values 
during the analysis period.

In addition, the CVO content in the nanoformulation 
remained above 86% for twelve weeks, while the encap-
sulation efficiency result was higher than 99%. These facts 
indicate that practically all the volatile oil is present in the 
core of the droplets, as confirmed by the characterization 
of the CVO-NE by FTIR. These results, combined with 
the stable macroscopic aspect of the prepared systems 
(absence of signs of creaming, flocculation and sedimenta-
tion), indicated that the nanoformulation containing CVO 
has potential for biological application.

Anxiolytic activity in zebrafish

CVO, EUG, CVO‑NE and B‑NE have low acute toxicity 
against adult zebrafish

Before evaluating the efficacy of free bioactives and 
nanoformulations, their safety was assessed through an 
acute toxicity test. It is worth mentioning that the use of 
zebrafish to evaluate the toxicity of new nanomaterials 
has become widespread in the current scenario, due to 
its high similarity to the human genome, small size and 
high reproduction rate [13, 30]. Free bioactives (CVO 
and EUG), B-NE and CVO-NE showed low toxicity 
against adult zebrafish in tested doses, since no animals 
died during the evaluation period (96 h), as shown in 
Table 1. Based on these results, the evaluation of the 
potential anxiolytic effect of nanosystems and unencap-
sulated bioactives was carried out.

Fig. 2   Nanoemulsions stability characterization by droplet size (a), polydispersity index (b) and zeta potential (c) during 12 weeks: (□) Blank 
nanoemulsion (B-NE) and (●) Clove volatile oil-loaded nanoemulsion (CVO-NE)
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Nanoencapsulation prevents locomotor impairment 
of the CVO in adult zebrafish

Locomotor activity is an important behavioral parameter 
for the evaluation of zebrafish exposed to nanoformulations 

for neuropharmacological application, as it indicates 
a potential action at central nervous system level [30]. 
According to the results of the open field test, it was 
observed that only CVO (4–20  mg  kg–1) and EUG 
(20 mg kg–1) were able to reduce animal locomotion when 
compared to control group (****p < 0.0001); similarly to 
DZP (Fig. 3). As the assessment of the locomotor activ-
ity of animals is widely used to measure the excitability 
level of the CNS, this reduction in locomotion is a result 
of depression of the CNS [31].

Administration of benzodiazepines, like DZP, reduces 
anxious-like behavior and locomotor activity in adult 
zebrafish as a result of reduced neuronal excitation due 
to increased frequency of chloride channel opening, pro-
moting hyperpolarization [32]. Thus, zebrafish show a 
significant decrease in parameters associated with loco-
motion, such as distance traveled, average speed and 
acceleration, especially compared to the control group 
[30]. However, from a clinical point of view, motor 

Fig. 3   Effects of CVO (a), EUG (b), B-NE (c) and CVO-NE (d) on 
locomotor activity of adult zebrafish (Danio rerio) in the Open Field 
Test (0–5  min). Results are expressed as mean ± SEM. Diazepam 
(DZP, 40  mg  kg–1, 20 µL/i.p.) was used as an anxiolytic standard 

drug. Where, ****p < 0.0001 vs. Control (3% DMSO, 20 µL/i.p) and 
# # # p < 0.001 vs. DZP; # # # #p < 0.0001 vs. DZP according to one-way 
ANOVA followed by Tukey post hoc test

Table 1   Acute toxicity study (96 h) for free bioactives and nanosys-
tems in adult zebrafish model

CVO clove volatile oil; EUG Eugenol; CVO-NE clove volatile oil-
loaded nanoemulsion; B-NE blank nanoemulsion and Control = 3% 
DMSO. LD50 = lethal dose for 50% of adult zebrafish

Sample Mortality 96 h
LD50 (mg 
kg–1, i. p.)Control 4 mg kg–1 12 mg kg–1 20 mg kg–1

CVO 0 0 0 0  > 20
EUG 0 0 0 0  > 20
CVO-NE 0 0 0 0  > 20
B-NE 0 0 0 0  > 20
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impairment may favor falls, so benzodiazepines are con-
traindicated for the elderly population [33]. This result 
showed that nanoencapsulation was able to prevent the 
motor impairment caused by the administration of CVO 
in adult zebrafish.

CVO, EUG and CVO‑NE relieve anxiolytic‑like behavior 
in adult zebrafish

In this work, as far as we know, we recorded the first 
evidence on the anxiolytic effect of nanoemulsions con-
taining clove volatile oil stabilized by polysaccharides 
isolated from Agaricus blazei Murill mushroom through 
an experimental model in adult zebrafish (Danio rerio).

In the light–dark box test, drugs with anxiolytic activ-
ity prolong the permanence of animals in the clear region 
of the aquarium, while drugs that induce anxious behavior 
reduce this parameter [25]. We observed that CVO, EUG 
and CVO-NE increased the time of permanence of the 
animals in the clear area of the aquarium when compared 

to control group (p < 0.05), similar to the group treated 
with DZP (Fig. 4a, b and d). In contrast, B-NE did not 
reverse the anxious-like behavior of the animals (Fig. 4c). 
This result showed that the nanoencapsulated clove vola-
tile oil had an anxiolytic effect without exerting any side 
effects at the motor level.

Several studies have already reported different effects 
of clove volatile oil and/or EUG on the central nervous 
system. Zebrafish, at different stages of development, 
when placed in aquariums containing EUG at 10 and 
15 µg mL–1, showed characteristic motor parameters of 
sedation [34]. Moreover, EUG encapsulation in chitosan-
zein coated nanoparticles increased its anesthetic effect 
against Nile tilapia, where a profound anesthetic effect 
was verified from 40 mg L–1 in an immersion model [35]. 
In the same model, CVO (at 100 mg mL–1) did not affect 
the behavior of Nile tilapia, in terms of reactivity and 
motivation [36]. Based on these results, we investigated 
the action mechanism associated with the anxiolytic-like 
effect of CVO, EUG and CVO-NE.

Fig. 4   Anxiolytic-like effects of CVO (a), EUG (b), B-NE (c) 
and CVO-NE (d) on light–dark box tests. Results are expressed as 
mean ± SEM. Diazepam (DZP, 40  mg  kg–1, 20 µL/i.p.) was used 
as an anxiolytic standard drug. Where, **p < 0.01; ***p < 0.001, 

****p < 0.0001 vs. Control (3% DMSO, 20 µL/i.p) and # #p < 0.01; # 

# # #p < 0.0001 according to one-way ANOVA followed by Tukey post 
hoc test
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GABAergic neuromodulation is involved with anxiolytic 
effect of CVO, EUG and CVO‑NE in adult zebrafish

After verifying the effect of CVO, EUG and CVO-NE on 
locomotor activity and anxious behavior in adult zebrafish, 
we proceeded with the evaluation of the action mechanism 
linked to this activity. Thus, the involvement of the GABAe-
rgic pathway in the anxiolytic effect of the samples was stud-
ied by pretreatment with FMZ (GABAergic antagonist). The 
anxiolytic effect of CVO, EUG and CVO-NE was significantly 
reversed (p < 0.05) by pretreatment with FMZ, similarly to DZP 
(GABAergic agonist). The animals returned to show more per-
manence in the dark area of the aquarium, which is a character-
istic of anxious behavior (Fig. 5a, b and c).

These results corroborate with those described by other 
authors, who reported the ability of the aqueous extract 
from clove buds (Syzygium aromaticum L.) and EUG to 
activate GABAA receptors, contributing to increase the 
GABAergic neuromodulation [8]. Similarly, Nectandra 

grandiflora essential oil and its isolated sesquiterpenoids 
reduce the anxiety-like behavior of zebrafish by acting on 
GABAergic neurotransmission [37].

Conclusion

Therefore, our findings demonstrate the potential anxiolytic 
effect of free and nanoencapsulated clove volatile oil against 
anxious-like behavior in adult zebrafish. The nanoemulsions 
showed droplets on nanometric scale, low polydispersity, 
electrostatic stability and high active content for three 
months. Furthermore, no drug-excipient incompatibility 
was evidenced through FTIR and DSC analysis. Nanoen-
capsulation was able to preserve the anxiolytic activity, as 
well as prevent the occurrence of side effects at locomotor 
level, which were observed for unencapsulated volatile oil. 
Nanosystems and unencapsulated bioactives showed low 
acute toxicity, demonstrating their preclinical safety. The 

Fig. 5   Effect of flumazenil (FMZ) on the anxiolytic-like effects of 
CVO (a), EUG (b) and CVO-NE (c) for evaluation of the GABAergic 
system involvement. Results are expressed as mean ± SEM. Where, 

**p < 0.01; ***p < 0.001, ****p < 0.0001 vs. Control (3% DMSO, 
20 µL/i.p) and ##p < 0.01; ####p < 0.0001 according to one-way 
ANOVA followed by Tukey post hoc test
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anxiolytic activity observed for clove volatile oil, eugenol 
and nanoemulsion was related to GABAergic neuromodula-
tion. Thus, this study reports the development and preclini-
cal evaluation of a new nanoformulation with potential for 
the treatment of anxiety disorders.
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