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Abstract

Ortho-eugenol is a synthetic derivative from eugenol, the major compound of clove essential oil, which has
demonstrated antidepressant and antinociceptive effects in pioneering studies. Additionally, its effects appear
to be dependent on the noradrenergic and dopaminergic systems. Depression and anxiety disorders are known
to share a great overlap in their pathophysiology, and many drugs are effective in the treatment of both diseases.
Furthermore, high levels of anxiety are related to working memory deficits and increased oxidative stress. Thus,
in this study we investigated the effects of acute treatment of ortho-eugenol, at 50, 75 and 100 mg/kg, on anxiety,
working memory and oxidative stress in male Swiss mice. Our results show that the 100 mg/kg dose increased the
number of head-dips and reduced the latency in the hole-board test. The 50 mg/kg dose reduced malondialdehyde
levels in the prefrontal cortex and the number of Y-maze entries compared to the MK-801-induced hyperlocomotion
group. All doses reduced nitrite levels in the hippocampus. It was also possible to assess a statistical correlation
between the reduction of oxidative stress and hyperlocomotion after the administration of ortho-eugenol. However,
acute treatment was not able to prevent working memory deficits. Therefore, the present study shows that ortho-
eugenol has an anxiolytic and antioxidant effect, and was able to prevent substance-induced hyperlocomotion. Our
results contribute to the elucidation of the pharmacological profile of ortho-eugenol, as well as to direct further
studies that seek to investigate its possible clinical applications.
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Resumo

Ortho-eugenol é um derivado sintético do eugenol, composto principal do éleo essencial de cravo, que demonstrou
efeitos antidepressivos e antinociceptivos em estudos pioneiros. Além disso, seus efeitos parecem ser dependentes
dos sistemas noradrenérgico e dopaminérgico. Sabe-se que os transtornos de depressdo e ansiedade compartilham
uma grande sobreposi¢do em sua fisiopatologia, e muitas drogas sao eficazes no tratamento de ambas as doengas.
Além disso, altos niveis de ansiedade estdo relacionados a déficits de memoria de trabalho e aumento do estresse
oxidativo. Assim, o presente estudo investigou os efeitos do tratamento agudo de orto-eugenol, nas doses de 50,
75 e 100 mg/kg, na ansiedade, memoria de trabalho e estresse oxidativo em camundongos Swiss machos. Nossos
resultados mostram que a dose de 100 mg/kg aumentou o niimero de mergulhos e reduziu a laténcia no teste
da placa perfurada. A dose de 50 mg/kg reduziu os niveis de malondialdeido no cértex pré-frontal e o niimero
de entradas no labirinto em Y em comparag¢ao com o grupo de hiperlocomogao induzida por MK-801. Todas as
doses reduziram os niveis de nitrito no hipocampo. Também foi possivel avaliar uma correlagdo estatistica entre a
redugao do estresse oxidativo e a hiperlocomogdo ap6s a administragdo do orto-eugenol. No entanto, o tratamento
agudo ndo foi capaz de prevenir os déficits de meméria de trabalho. Portanto, o presente estudo mostra que o
orto-eugenol tem efeito ansiolitico e antioxidante, sendo capaz de prevenir a hiperlocomocdo induzida pela
substancia. Nossos resultados contribuem para a elucidagao do perfil farmacolégico do orto-eugenol, bem como
para direcionar novos estudos que busquem investigar suas possiveis aplica¢des clinicas.
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1. Introduction

Essential oils are volatile compounds extracted from
various plant parts and whose composition encompasses
a great complexity of bioactive metabolites (Machado and
Fernandes Junior, 2011). Their use in therapies has been
of increasing interest due to their ease of extraction, low
cost of obtaining and great diversity of biological effects
(Zhang et al., 2021), such as anxiolytic (Chioca et al.,
2013), antioxidant (Barboza, 2018) and working memory
improvement effects (Amine et al., 2020).

The phenylpropanoid eugenol is the major compound
of clove (Syzygium aromaticum) essential oil. Many studies
show its wide bioactive potential, including antioxidant
effect through the inhibition of lipid peroxidation
(Ogata et al., 2000), neuroprotection (Irie et al., 2004)
and antidepressant activity (Irie et al., 2004; Tao et al.,
2005). Its mechanisms of action include the inhibition
of monoamine oxidase (Tao et al., 2005), an enzyme
that degrades monoaminergic neurotransmitters, and
activation of alpha-2 noradrenergic receptors (Park et al.,
2011). Furthermore, treatment with clove essential oil
has shown promise in reversing scopolamine-induced
memory deficits, as reported by Halder et al. (2011), and
Siyal et al. (2023) provided evidence of a possible anxiolytic
effect of eugenol.

In this scenario, ortho-eugenol consists of a synthetic
isomer of eugenol which is still poorly investigated.
Pioneering studies have shown that ortho-eugenol has
antidepressant and antinociceptive effects in mice and,
after the investigation of their mechanisms of action
through the administration of receptor antagonists, it was
observed a possible activation of dopaminergic D1, and
noradrenergic alpha-1 and alpha-2 receptors (unpublished
data; Fonséca et al., 2016).

Data from the World Health Organization (2017)
indicate that anxiety disorders affect more than 264 million
people and are an increasingly urgent global concern.
Anxiety consists of a set of responses that arise from
the anticipation of potentially dangerous situations
(LeDoux and Pine, 2016). In addition to subjective feelings,
anxiety is also associated with physiological responses,
such as muscle tension, sweating and tachycardia, and
with behavioral responses, which includes avoiding a
certain situation or environment (Craske et al., 2011).
It is important to emphasize that anxious responses are
natural and necessary for a healthy life. However, in cases
where there is a prolonged or recurrent exacerbation of
these responses, to the point of undermining the patient’s
capabilities and quality of life, it may be configured as an
anxiety disorder (Kaur and Singh, 2017).

The neurobiology of anxiety disorders is associated with
dysregulated levels of monoaminergic neurotransmitters
such as serotonin, norepinephrine and dopamine. These
neurotransmitters, also related to depression, act diffusely
through the nervous system, influencing neuronal arousal,
wakefulness, attention, and modulating the responsiveness
of the amygdala, the limbic system and the prefrontal cortex
to emotionally salient stimuli (Morilak and Frazer, 2004).

As for the pharmacological treatment of anxiety
disorders, selective serotonin reuptake inhibitors (SSRIs)
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and serotonin and norepinephrine reuptake inhibitors
(SNRIs) are among the first-line drugs (Murrough et al.,
2015). These drugs act by blocking presynaptic serotonergic
(SSRIs and SNRIs) and noradrenergic transporters (only
SNRIs), therefore increasing the availability of serotonin
and noradrenaline in the synaptic cleft (Telles-Correia et al.,
2007). The use of these drugs, however, is limited by
their long-term tolerability and by their adverse effects,
such as sexual impotence, drowsiness, nausea, diarrhea
and headache (Goodwin, 2015; Murrough et al., 2015).
The SSRI and SNRI classes are frequently used to treat
both depression and anxiety disorders (Cummings et al.,
2014). The high incidence of anxiety disorders, added to
the large number of adverse effects and the long-term
tolerability of current anxiolytic drugs, reinforces the need
to develop new pharmacological alternatives.

In turn, working memory (WM) is a type of declarative
memory that is part of the executive functions of the brain
(Clark and Beck, 2010). It allows the individual to keep in
mind, for a brief time, information that can be manipulated
or stored by the brain (Izquierdo, 2018). WM is modulated
by monoaminergic neurotransmitters and depends on
an adequate balance between noradrenaline (NA) and
dopamine (DA) levels (Wang et al., 2019). For instance,
optimal levels of NA improve WK through the activation of
alpha-2 adrenergic receptors in the prefrontal cortex; whilst
higher NA levels increase the activation of alpha-1 receptors,
leading to WK impairment (Li et al., 1999). Dopamine
also positively modulates working memory and improves
overall cognitive performance (Bickman and Nyberg,
2013). Not surprisingly, administration of either D1 or
alpha-2 receptor antagonists produces dysfunction in
working memory performance (Birnbaum et al., 2000).

Arelationship between anxiety and working memory
was shown by Otto et al. (2016), where high levels of anxiety
impair working memory, and deficits in working memory
increase individual susceptibility to anxiety and stress.
Other mental disorders are also related to working memory
deficits, such as depression (Nikolin et al., 2021), attention
deficit hyperactivity disorder (ADHD) (Millan et al., 2012),
schizophrenia (Millan et al., 2012), Alzheimer’s disease
(Gilmour et al., 2019), obsessive-compulsive disorder
(OCD) (Meram et al., 2021) and autism spectrum disorders
(ASD) (Rabiee et al., 2018); conditions in which working
memory deficits are detrimental to patients’ quality of life.

Oxidative stress consists in natural cellular processes
that give rise to free radicals, such as reactive oxygen
species. Although cells have mechanisms to counteract with
it, certain conditions can result in exacerbated levels that
damage cellular structures (Barbosa et al., 2010). Elevated
levels of oxidative stress, which can be detected by nitrate
and malondialdehyde (Chakraborty et al., 2009) levels, are
associated with both anxiety (Bouayed et al., 2009) and
working memory deficits (Al-Amin et al., 2019). In fact,
Bouayed et al. (2009) demonstrated that mice treated
with substances that induce oxidative stress develop
anxiety-like behaviors.

Prefrontal cortex and hippocampus are brain structures
that play important roles in both anxiety and working
memory (Albani et al., 2014; Bishop et al., 2004; Lalonde,
2002).1t has been reported that induced oxidative stress in
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the prefrontal cortex, assessed by enhanced malondialdehyde
levels, provokes anxiety-like behavior and working memory
impairments in mice (Namgyal et al., 2021). Moreover,
murine anxiety models present higher levels of reactive
oxygen species in the hippocampus (Hassan et al., 2014;
Hovatta et al., 2010), and exacerbated levels of nitric oxide
mediate memory dysfunction, including the induction
of working memory deficits (Udayabanu et al., 2008;
Yamada et al., 1999). Finally, dysregulation of dopamine and
noradrenaline levels is also associated with the imbalance
of oxidative stress in the brain (Alvarez-Diduk and Galano,
2015; Ben-Shachar et al., 1995).

In summary, ortho-eugenol consists of a poorly studied
synthetic isomer of eugenol whose mechanisms of action
appear to act on the dopaminergic and noradrenergic systems.
Taking into account the pharmacological profile of eugenol,
as well as data from pioneering works on ortho-eugenol, the
present project proposed to investigate the effects of ortho-
eugenol on anxiety, working memory and oxidative stress.

2. Materials and Methods

2.1. Animal feeding and housing conditions

All experiments were conducted with male albino Swiss
mice about 3 months old and weighing 25-35 grams.
The tests were carried out at the Psychopharmacology
Laboratory localized in the Institute of Research in Drugs
and Medicines (IPeFarM) of the Federal University of
Paraiba (UFPB), where the animals were weighed and
housed in polyethylene cages, containing between 7 and
10 animals each, and kept under controlled temperature
conditions (21 + 1°C), with free access to pellets (Purina®)
and water available in polyethylene bottles. Sixty minutes
before the tests, the animals were deprived of food and
water. The benches and equipment were sanitized with 70%
alcohol, however, during the tests, low-grade ethanol (10%)
was used in an attempt to reduce possible odors that could
interfere with the behavior of the animals. All procedures
from the beginning to the moment of euthanasia were
performed trying to avoid the suffering and pain of the
animals as much as possible. The project was approved
by the Ethics Committee on the Use of Animals (CEUA/
UFPB) under the numbers 6541260419 and 1828070621.

2.2. Substances and doses

The substances and their respective doses were prepared
minutes before their administration, using decimal
concentrations in order to allow the injection of 0.1 mL/10 g
of the animal’s weight. Immediately before the tests, ortho-
eugenol was dissolved in tween 80 and the other drugs
(diazepam and MK-801) were diluted in saline solution.
Allinjections were administered intraperitoneally and acutely.
The doses used were 50, 75 and 100 mg/kg for ortho-eugenol,
1 mg/kg for diazepam, and 0.15 mg/kg for MK-801.

2.3. Hole-board test

The hole-board test was originally developed by
Boissier et al. (1960) in the 1960s, and can be used to
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investigate anxiety-like behavioral patterns. This test
consists of a flat platform containing 16 holes, which
the animal is free to explore for a predetermined time
(Casarrubea et al.,2009). As for the rationale of the test, it is
theorized that it generates an anxiogenic situation in which
mice, naturally curious animals, show less exploration
of the holes, avoiding exposure to potential predators.
Nevertheless, the administration of anxiolytic drugs is
able to reduce fear and increase mice exploratory behavior,
increasing the number of head-dips (Casarrubea et al.,
2017; Crawley, 1985).

Diazepam is a drug of the benzodiazepine class already
validated for the clinical treatment of anxiety. Thus, this drug
is widely used in preclinical studies as a positive control
group, since its anxiolytic effects can also be observed in
rats and mice through several behavioral tests (Griebel et al.,
2000; Lepicard et al., 2000; Pellow et al., 1985).

Groups containing seven animals were used: a negative
control group, treated with vehicle (2% tween solution), a
positive control group treated with diazepam (1 mg/kg)
and three groups treated with ortho-eugenol (50, 75 and
100 mg/kg). After 30 minutes (for control and diazepam
groups) and 45 minutes (for ortho-eugenol groups), the
animals were placed individually in the center of the
plate. During the five-minute period of free exploration,
the parameters recorded were the time elapsed until the
first head-dip in any hole (latency) and the total number of
head-dips. Head-dips were considered when the animal’s
head was entirely inside the board hole.

2.4. Y-maze test

The Y-maze can be used to assess working memory
in mice from the analysis of spontaneous alternation,
which is based on the fact that mice are naturally curious
and tend to explore new environments. Individuals with
intact working memory will remember the most recently
visited arms, and will tend to visit all three arms more
or less uniformly (spontaneous alternation); while mice
with dysfunctional working memory will show reduced
rates of spontaneous alternation (Kraeuter et al., 2019).

In the experimental stage, each arm was identified as
A, Bor C; the animals were placed at the end of arm A and
recorded while exploring the maze freely for 8 minutes.
During the experiment, an experimenter registered the
pattern of the mice’s entries. In the evaluation stage, the
recorded videos were also analyzed and the entry patterns
in each arm were counted once again, in order to ensure
uniformity with simultaneous analysis. Each entry was
considered when all four limbs of the animal were within
the explored arm.

A spontaneous alternation is defined as three consecutive
entries into different arms. The maximum number of
alternations is the total of entries minus two. Therefore,
the alternation percentage is calculated by: (number of
alternation/number of entries - 2) x 100 (Crouzier et al., 2018;
Wong et al., 2020; Kraeuter et al., 2019). Noteworthy, the
more data (number of entries) are provided to the presented
formula, the better will be the statistical strength of the
calculated entry patterns. In this sense, for the evaluation
of working memory, a five-day habituation protocol was
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implemented, with the objective of minimizing the animals’
stress and anxiety during the test and mitigating possible
negative influences of these factors on exploratory behavior.

The adopted protocol was established after consulting
several studies in the specialized literature (Gouveia and
Hurst, 2017; Henderson et al., 2020; Hurst and West, 2010;
Marcotte et al., 2021). In the habituation stage, and later
in the experimental stage, the animals were handled with
10 cm PVC pipes. The pipes remained in the cages during the
five days of habituation, so that the animals could become
familiar with them. The protocol is based on the mice’s
natural affinity for tunnels and closed environments and,
compared to the usual method of handling by the base of
the tail, it is able to considerably reduce the mice’s stress and
anxiety levels (Gouveia and Hurst, 2019; Hurst and West,
2010). In fact, a study by Gouveia and Hurst (2019) showed
that animals that underwent tunnel manipulation and
received subcutaneous injections still showed a considerably
higher voluntary interaction with the researcher compared
to animals that were only handled by the base of the tail,
but that did not receive any injections.

MK-801 (dizocilpine) is a non-competitive antagonist
of NMDA glutamate channels (Zemanova et al., 2013).
Several studies use MK-801 to induce working memory
deficits, in many cases seeking to analyze whether or not
this situation could be reversed by test drugs. In these
cases, the group that receives only MK-801 constitutes the
positive control group of the experiments (Brown et al.,
2013; Lainiola et al., 2014; Zemanova et al., 2013; Ohno
and Watanabe, 1995; Chino et al., 2019; Shiraishi et al.,
2016; Rosenbrock et al., 2019).

In previous experiments conducted by our group, it
was performed the standardization of the Y-maze and
the ideal dose of MK-801 (non-competitive antagonist
of NMDA channels) to be used with the aim of impairing
the Swiss mice working memory. After these, the defined
dose was 0.15 mg/kg, also used by several studies in
the literature (Lainiola et al., 2014; Maurice et al., 1997;
Zemanova et al., 2013).

The animals were divided into five groups: negative
control, treated with saline; positive control, treated with
MK-801 at a dose of 0.15 mg/kg; and three experimental
groups treated with both MK-801 and ortho-eugenol at doses
of 50, 75 or 100 mg/kg, all intraperitoneally, as standardized
by Fonséca et al. (2016). It is worth noting that the assessment
of working memory was conducted on days and with
animals different from the hole-board test, preventing the
same animals from undergoing both behavioral tests. In the
experimental groups, ortho-eugenol and MK-801 were
administered intraperitoneally 45 and 30 minutes before
the tests, respectively. In the positive control group, only
the administration of MK-801 was performed 30 minutes
before the behavioral tests, as described in several studies
(Bruin et al.,, 2010; Maurice et al., 1994; Miki et al., 2019;
Rychtyk et al., 2019). The negative control group received
only saline 30 minutes before the tests.

2.5. Evaluation of in vivo antioxidant activity

All the antioxidant evaluation tests were performed
with the animals that underwent the working memory
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test. The methodologies used were the TBARS and nitrite
determination, using the structures of the prefrontal cortex
and hippocampus, respectively. Euthanasia by decapitation
and removal of structures took place immediately after
the animals left the Y-maze.

2.5.1. Lipid peroxidation by the TBARS assay

According to Draper and Hadley (1990), the formation of
lipid peroxides during lipid peroxidation is accompanied by
the measurement of thiobarbituric acid reactive substances
(TBARS). Brain structures (prefrontal cortex) were dissected
and a 10% homogenate (w/v, in 1.15% KCl) was prepared.
Briefly, the samples were mixed with 1 ml of trichloroacetic
acid (10%) and 1 ml of thiobarbituric acid (0.6%). The reaction
was heated in a water bath for 15 min and n-butanol (2:1 v/v)
was added to the medium. After centrifugation (800 x g for
15 min) the TBARS content was determined at 535 nm and
the result expressed as grams of MDA/grams of sample.

2.5.2. Determination of nitrite levels

To determine the effects of ortho-eugenol on nitric oxide
(NO) production, we quantified the nitrite levels in the
hippocampus using the Griess reagent test (Green et al,, 1981;
Radenovic and Selakovic, 2005). The structure (hippocampus)
homogenate was centrifuged (800 x g for 10 min), 100 pL of
the supernatant was collected and 100 pL of Griess reagent
(1% sulfanilamide / 0.1% N-(1-naphthyl)ethylenediamine
hydrochloride / 5% phosphoric acid / distilled water - 1:1:1:1)
and incubated at room temperature for 10 min. The calibration
curve was prepared under the same conditions, using different
concentrations of NaNO, (0.75-100 mM). The blank was
prepared using 100 pL of the Griess reagent with 100 L of
the buffer used to prepare the homogenate. The absorbance
of the samples was determined at a wavelength of 560 nm,
and the concentration of nitrite was expressed as nM nitrite/
grams of the sample.

2.6. Statistical analysis

Firstly, the normality of the samples was assessed
by the Shapiro-Wilk test. For parametric data, statistical
analysis was performed using one-way ANOVA followed
by Dunnett’s post hoc test. For nonparametric data, the
Kruskal-Wallis test was performed followed by Dunn’s
post hoc test. To investigate possible correlations between
results, Pearson’s correlation test was used. The values
were represented by the mean + standard error of the
mean (SEM), with differences considered statistically
significant when p < 0.05.

3. Results

3.1. Assessment of anxious-like behavior

The number of head-dips performed during the
hole-board test are shown in Figure 1. It was possible to
find a statistically significant increase in the number of
head-dips between the diazepam-treated group (30.7 +
1.5; p<0.0001) and the control group (16.1 = 1.0). Among
the groups treated with ortho-eugenol, only the dose of
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Figure 1. Number of dips in the perforated plate test. Effects of
ortho-eugenol (50, 75 and 100 mg/kg), diazepam (1 mg/kg) and
vehicle on the number of head-dips in the hole-board test. Values
expressed as mean + SEM (n = 5-8). One-way ANOVA followed by
Dunnett’s test. **p < 0.01, ****p < 0.0001.

100 mg/kg (25.6 £ 3.0; p=0.003) was able to significantly
increase the number of head-dips. Meanwhile, 50 mg/kg
(173 £ 1.4; p=0.97) and 75 mg/kg (14.0 + 1.7; p = 0.81)
doses showed no significant differences.

The latency for the first head-dip in the hole-board
test is shown in Figure 2. In this parameter, there was a
statistically significant reduction between the diazepam-
treated group (7.0 £ 1.3; p = 0.003) and the control group
(27.0 £ 1.2). In the groups treated with ortho-eugenol, only
the dose of 100 mg/kg (10.8 + 1.7; p = 0.006) was able to
significantly reduce the latency. However, the doses of
50 mg/kg (24.0 £ 3.4; p=0.93) and 75 mg/kg (31.7 £ 5.9;
p = 0.72) did not show significant differences.

3.2. Assessment of working memory

The percentage of spontaneous alternations in the
Y-maze test is shown in Figure 3. All groups were compared
to the control group and to the group treated with MK-801.
The administration of MK-801 (56.6 = 2.0; p = 0.005) was
able to reduce the percentage of spontaneous alternations
in relation to the control group (67.9 £ 1.5). However,
when compared with the MK-801 groups, none of the
groups treated with ortho-eugenol at doses of 50 (61.5
1.4; p=0.44),75(62.3 £3.8; p=0.30) or 100 (59.5 + 2.7;
p=0.80) mg/kg showed any statistically significant changes
in this parameter. Experimental groups also showed no
difference in comparison with the control group.

The number of entries in the Y-maze test is shown in
Figure 4. All groups were compared with the control group
and to the MK-801-treated group. The data obtained indicate
thatboth the group treated with MK-801 (76.1 +5.9; p=0.002)
and the group previously treated with ortho-eugenol at a dose
of 75 mg/kg (74.6 = 5.4; p = 0.005) increased the number of
entries in relation to the control (47.1 £2.9). On the other hand,
when compared with the MK-801 group, animals previously
treated with ortho-eugenol at a dose of 50 mg/kg (56.2 +4.5;
p = 0.04) showed a statistically significant reduction in the
number of entries. Finally, in both scenarios, the 100 mg/kg
dose (67.0 +6.8; p=0.05 [vs Ctrl]; p = 0.56 [vs MK]) was not
able to reach statistical significance.
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Figure 2. Latency time in the hole-board test. Effects of ortho-
eugenol (50, 75 and 100 mg/kg), diazepam (1 mg/kg) and vehicle
on latency time (in seconds) in the perforated plate test. Values
expressed as mean + SEM (n = 5-8). One-way ANOVA followed by
Dunnett’s test. **p < 0.01.
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Figure 3. Percentage of spontaneous alternations in the Y-maze. Effects
of ortho-eugenol (50, 75 and 100 mg/kg) + MK-801 (0.15 mg/kg),
MK-801 (0.15 mg/kg) and vehicle on the percentage of spontaneous
alternations in the Y-maze. Values expressed as mean + SEM (n=8-10).
One-way ANOVA followed by Dunnett’s test. **p < 0.01.
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Figure 4. Number of entries in the Y-Maze test. Effects of ortho-
eugenol (50, 75 and 100 mg/kg) + MK-801 (0.15 mg/kg), MK-801
(0.15 mg/kg) and vehicle on the number of entries in the Y-maze.
Values expressed as mean = SEM (n = 8-10). One-way ANOVA
followed by Dunnett’s test. “*p < 0.01; when compared to the
control group. ##p <0.01; when compared to the MK-801 group.
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3.3. Assessment of oxidative stress

The levels of lipid peroxidation in the prefrontal cortex
by the TBARS assay, with the results expressed in grams of
MDA/grams of sample, is shown in Figure 5. All groups were
compared to the control group and to the group treated
with MK-801. The results indicate increased MDA levels
in the MK-801 group (3.880+0.007; p=0.003) in relation
to the control group (3.770 + 0.02). When comparing the
other groups with the group treated with MK-801, the
OE50 group (3.796 +0.035, p = 0.041) showed a reduction
in the concentration of MDA, which was not seen in the
doses of ortho-eugenol at 75 (3.857 £ 0.004; p=0.21) and
100 mg/kg (3.865 + 0.006; p = 0.42).

The results of the hippocampal nitrite determination test,
with the results expressed in nM nitrite/grams of tissue, is
shown in Figure 6. All groups were compared to the control
group and to the group treated with MK-801. In this test, the
animals treated with MK-801 (1194.0 + 138.3; p = 0.0001)
increased the levels of nitrite in relation to the control
(456.8 +24.4). As for the experimental groups, all three doses
of 50 mg/kg (743.4+154.7; p=0.01), 75 mg/kg (764 + 84.0;
p=0.02)and 100 mg/kg (698.6 + 57.1; p = 0.003) were able
to reduce the concentration of nitrite in comparison with
the group treated with MK-801. However, none of them
presented differences when compared to control (OE50,
p=0.2; OE75, p=0.1; OE100, p = 0.3).

3.4. Correlation between the effects of ortho-eugenol on
hyperlocomotion and oxidative stress

The results of Pearson’s correlation between the number
of entries and the levels of malondialdehyde (g MDA/g of
tissue) and nitrite (nM nitrite/g of tissue) are presented in
Table 1. Besides the OE50 group, no other group obtained
any statistically significant correlation. For the 50 mg/kg
ortho-eugenol dose, a negative correlation was found
between the number of entries and the levels of lipid
peroxidation in the prefrontal cortex (p = 0.044); and also
a positive correlation between the number of entries and
nitrite levels in the hippocampus (p = 0.029).

4. Discussion

The present study aimed to investigate the effects
of ortho-eugenol on anxiety, working memory and
oxidative stress. Taken together, our results show that
ortho-eugenol reduced anxiety-like behavior in the hole-
board test, reduced hyperlocomotion in the Y-maze test,
and presented an antioxidant profile in both the nitrite
determination test and the lipid peroxidation levels by
the TBARS assay. Additionally, a correlation was found

between the antioxidant effects of ortho-eugenol and the
hyperlocomotive behavior. However, our data were not
able to demonstrate improvement of working memory
deficits by ortho-eugenol.
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Figure 5. Lipid peroxidation by the TBARS method in g MDA/g
sample. Malondialdehyde concentration in the groups treated
with ortho-eugenol (50, 75 and 100 mg/kg) + MK-801 (0.15 mg/kg),
MK-801 (0.15 mg/kg) and vehicle. Values expressed as mean + SEM
(n =8-10). Kruskal-Wallis test followed by Dunn’s test. #p < 0.05,
##p < 0.01; when compared to the MK-801 group.
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Figure 6. Nitrite determination in nM of nitrite/g of tissue. Nitrite
levels in the groups treated with ortho-eugenol (50, 75 and 100
mg/kg) + MK-801 (0.15 mg/kg), MK-801 (0.15 mg/kg) and vehicle.
Values expressed as mean = SEM (n = 8-10). One-way ANOVA
followed by Dunnett’s test. *p < 0.05, **p < 0.01, ****p < 0.0001.

Table 1. Pearson’s correlation coefficient (r) between the number of Y-maze entries and the levels of malondialdehyde in the prefrontal

cortex and nitrite in the hippocampus. *p < 0.05.

Ctrl MK + OE50 + OE75 + 0E100
Prefrontal cortex -0.49 -0.28 -0.71* -0.36 -0.33
Hippocampus 0.42 0.18 0.75* -0.42 0.22
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In the literature, well-established studies have already
shown that drugs that reduce anxiety (anxiolytics), such
as diazepam, are able to increase the exploratory behavior
of mice, resulting in a greater number of head-dips and
a reduction in latency to the dip in the hole-board test
(Takeda et al., 1998). Convergently, the present study
was also able to replicate the effects of diazepam, as
observed through increased number of head-dips and
reduced latency.

The experimental groups were treated with ortho-
eugenol at three different doses: 50, 75 and 100 mg/kg.
Only the highest dose, 100 mg/kg, was able to increase
the number of head-dips, indicating that this dose was
effective in reducing anxiety and increasing the animals’
exploratory behavior. Furthermore, in the latency time
parameter, again the 100 mg/kg dose was the only one to
present statistically significant differences in relation to
the control group. The animals treated at this dose took
less time for the first dip, showing another indication of
the anxiolytic effect of ortho-eugenol. Thus, these results
provide evidence that ortho-eugenol at 100 mg/kg has an
anxiolytic profile.

Monoaminergic neurotransmitters play a key role in
the manifestation of anxiety. For example, lower levels of
dopamine in the prefrontal cortex of rats are associated
with increased anxiety-like behavior (Mizoguchi et al.,
2010). In addition, several noradrenergic drugs are used
in the clinic with positive results for the treatment of
anxiety disorders (Brunello et al., 2003). Pioneering
studies reports that ortho-eugenol’s mechanism of action
involves alpha-1 and alpha-2 noradrenergic receptors,
and the D1 dopaminergic receptor (unpublished data;
Fonséca et al., 2016). Therefore, it is possible to hypothesize
that these mechanisms are involved in the anxiolytic
effect of ortho-eugenol and, in this sense, that higher
doses may lead to a more pronounced modulatory effect
on the dopaminergic and noradrenergic systems, which
could explain the greater efficacy of the 100 mg/kg dose.

As for the Y-maze test, several articles point out that
MK-801 is effective in inducing working memory deficits
in mice, as observed by the reduction of the spontaneous
alternations percentage. Additionally, the ability of MK-
801 to promote hyperlocomotion is also reported in the
literature, as it is able to increase the number of entries in
the Y-maze arms (Maurice et al., 1997; Miki et al., 2019;
Hasegawa et al., 2016).

Convergently, the results obtained in the present study
indicate that MK-801 was effective in inducing working
memory deficits and also in increasing hyperlocomotion.
However, when animals were previously treated with
ortho-eugenol, at all doses tested, they did not show
statistically significant working memory deficits. At the
same time, although the mean percentage of spontaneous
alternations increased in all cases, no dose was able to
reach statistical significance when compared to the group
treated with MK-801 alone.

Our results are similar to those found by Dossat et al.
(2017) and Almeida et al. (2021), in the sense that, in both
studies, the experimental groups did not show working
memory deficits when compared to the control groups,
although they did not present a statistically significant
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difference when compared to the positive control
(group with impaired working memory). The authors’
interpretation in these studies is that the test drug was
able to successfully prevent substance-induced working
memory deficits.

However, most articles with an experimental design
similar to ours appear to consider the ability of a drug
to prevent substance-induced deficits only if there is a
statistical significance in comparison to the positive control
(Akefe et al., 2022; Bruin et al., 2010; Cheng et al., 2011;
Eduviere et al., 2015; Maurice et al., 1997; Miki et al., 2019;
Roberts et al., 2010). In order to adopt the interpretation
of greater statistical rigor, and although the groups
previously treated with ortho-eugenol have increased
the rate of spontaneous alternations, it was not possible
to state its effectiveness in the prevention of working
memory deficits induced by MK-801, since there was no
statistically significant difference when compared to the
positive control.

On the other hand, in the locomotion behavior analysis,
the animals previously treated with the dose of 50 mg/kg
of ortho-eugenol showed a reduced number of entries in
relation to the group treated only with MK-801. Thus, the
results evidence the ability of ortho-eugenol to prevent
the increase in locomotor activity induced by MK-801.
Interestingly, this effect was observed only at the lowest
dose. A possible explanation for this observation is that
higher doses of ortho-eugenol can elevate D1 receptor
activation to above-optimal levels. In fact, it is classically
known in the literature that the hyperactivation of the
dopaminergic system is associated with hyperlocomotion
behavior (Irifune et al., 1997; Irifune et al., 1991;
Oades et al., 1986). Thus, although there is no evidence
that high ortho-eugenol doses increase hyperlocomotion
per se, this hypothesis could help to explain why higher
doses were less effective in reducing MK-801-induced
hyperlocomotion behavior.

In the evaluation of oxidative stress, both methodologies
demonstrated that MK-801 was able to increase levels of
oxidative stress, as seen by increased concentrations of
nitrite and MDA. Confluently, it is possible to find studies in
the literature that report neurotoxic effects and increased
oxidative stress produced by the administration of MK-
801 (Ozyurt et al., 2007a; Ozyurt et al., 2007b; Willis and
Ray, 2007).

The lipid peroxidation levels were measured by the
TBARS method. It was found that only the dose of 50 mg/kg
was effective in reducing malondialdehyde concentration.
Asimilar effect of eugenol has been reported by preclinical
studies (Jayashree and Subramanyam, 1999; Nagababu
and Lakshmaiah, 1992). The doses of 75 and 100 mg/kg,
on the contrary, showed no significant differences when
compared to the control or to the MK-801 group. Thus,
the results appear to indicate that higher doses of ortho-
eugenol were less effective in reducing oxidative stress
induced by MK-801.

Several articles show that high levels of dopamine, as
well as the hyperactivation of the dopaminergic system,
can promote oxidative stress (Ben-Shachar et al., 1995;
Grima et al., 2003; Terland et al., 1997). Similarly, drugs
of abuse that act on the dopaminergic system are also
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associated with neurotoxicity and free radical formation
(Yamamoto and Bankson, 2005). Finally, diseases associated
with high levels of the dopaminergic system in the
prefrontal cortex also have high levels of oxidative stress
in this region (Kim et al., 2014).

Here, the analyzed structure in the lipid peroxidation
protocol was the prefrontal cortex, which is known to
have an important distribution of D1 receptors and whose
dysregulation is associated with several disorders (Muly
Il et al., 1998). Considering the action of ortho-eugenol on
D1 receptors, it is possible to interpret that the effects of
dose progression (50, 75 and 100 mg/kg) on the activation
of the dopaminergic system may have been reflected in the
progressively higher levels of MDA observed. By contrast,
plenty studies show that activation of the noradrenergic
system is capable of promoting neuroprotection against
oxidative stress (Alvarez—Diduk and Galano, 2015; Patri
and Singh, 2019; Troadec et al., 2001; Yoshioka et al.,
2021). Thus, moderate activation of this system may be a
possible explanation for the effectiveness of the 50 mg/kg
dose in reducing MDA levels.

In the nitrite determination method, all three ortho-
eugenol doses (50, 75 and 100 mg/kg) were effective in
reducing oxidative stress induced by MK-801. Likewise,
eugenol is also reported to mitigate nitrite levels
after substance-induced oxidative stress (Prasad and
Muralidhara, 2013; Vasconcelos et al., 2020). Besides
lipid peroxidation, the neurotoxic effects of D1-receptor
overactivation also includes increased nitrite levels,
while noradrenaline activation is neuroprotective and
reduces nitrite production and accumulation (Chen et al.,
2003; Dello Russo et al., 2004). However, our results
show that even the higher doses of ortho-eugenol
prevented the elevation of nitrite levels induced by
MK-801 administration.

There are many studies in the literature that investigated
the distribution of dopamine receptors in the brain. It is
well known that D1 receptors are overall poorly expressed
in the hippocampus (which is more closely related with
D5 and D2 receptors), in contrast to higher D1 expression
in regions such as the striatum and prefrontal cortex
(Bahena-Trujillo and Gonzalo-Flores, 2000; Cortés et al.,
1989; Hurd et al., 2001; Mishra et al., 2018; Missale et al.,
1998). Considering the neurotoxic effect of dopaminergic
overactivation, a lower number of D1 receptors could
explain why the antioxidant effect of ortho-eugenol was
not diminished by higher doses in the hippocampus, as
otherwise shown in the prefrontal cortex.

In summary, ortho-eugenol at a dose of 100 mg/kg
showed anxiolytic activity by increasing the number of dips
and reducing the latency time in the perforated plate test.
Pretreatment with all three doses (50, 75 and 100 mg/kg)
of ortho-eugenol reduced the levels of oxidative stress in
the hippocampus, by decreasing the concentration of nitrite
in this region. The hippocampus is related to memory
formation, fear conditioning, and increased oxidative
stress in this structure increases anxious-like behavior
(Hassan et al., 2014; Hovatta et al., 2010; Salim et al.,
2011). Thus, it is possible that there is some relationship
between the anxiolytic effects and the antioxidant action
of ortho-eugenol on the hippocampus.
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As discussed, several drugs used in the treatment
of depression are also used in the treatment of anxiety
(Cummings et al., 2014; Goodwin, 2015; Murrough et al.,
2015). In this context, eugenol, as well as many of its
isomers, are reported to show antidepressant effects in
preclinical trials (Amaral et al., 2013; Duan et al., 2015;
Norte et al., 2005). Therefore, our results may contribute
to directing further studies to investigate potential clinical
uses of ortho-eugenol.

The 50 mg/kg dose was the only to present an
antioxidant profile in both the prefrontal cortex and
hippocampus regions. In addition, the 50 mg/kg dose
also reduced MK-801-induced hyperlocomotion. After
consulting the literature, two articles may contribute to
the present discussion. In the study by Kanazawa et al.
(2017), the authors found a positive correlation between
hyperlocomotion and lipid peroxidation levels in the
prefrontal cortex and hippocampus. Similarly, a study by
Macedo et al. (2013) was able to identify the increase in
lipid peroxidation in the prefrontal cortex, hippocampus
and striatum in a murine model of substance-induced
hyperlocomotion.

Therefore, in an attempt to investigate whether
the effects of ortho-eugenol on hyperlocomotion and
oxidative stress in the prefrontal cortex and hippocampus
are correlated, we performed a Pearson correlation test
for all groups. As predicted, only ortho-eugenol at a dose
of 50 mg/kg showed a correlation between the levels of
oxidative stress, in both tests, and the number of entries
(Table 1). Interestingly, however, while there was a
positive correlation between locomotion behavior and
nitrite levels in the hippocampus, the levels of MDA in
the prefrontal cortex showed a negative correlation with
locomotion behavior.

Finally, although no group previously treated with
ortho-eugenol showed a significant reduction in working
memory, as indicated by the percentage of spontaneous
Y-maze switches, there was no significant improvement
compared to the group treated with MK-801 alone. For this
reason, it was not possible to state that ortho-eugenol is
effective in preventing working memory deficits. Future
studies may investigate whether repeated ortho-eugenol
administration can improve its effectiveness on working
memory deficits.

In the literature, molecules related to ortho-eugenol,
such as eugenol and bis-eugenol, also showed antioxidant
activity in rodents (Kabuto et al., 2007; Kumar et al.,
2021; Murakami et al., 2003; Nagababu and Lakshmaiah,
1992). In this sense, our study was the first to provide
evidence that ortho-eugenol, an isomer of eugenol, has
antioxidant effects, as seen through the nitrite and lipid
peroxidation tests.

5. Conclusion

Taken together, the results obtained in the present
study provide the first evidence of the anxiolytic activity
of ortho-eugenol, since the 100 mg/kg dose was able to
increase the number of dips and reduce the latency time
in the hole-board test. In the Y-maze test, ortho-eugenol
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was not able to prevent MK-801-induced working memory
deficits. On the other hand, ortho-eugenol at the 50 mg/kg
dose was able to reduce the hyperlocomotion induced by
MK-801 in the Y-maze. All doses of ortho-eugenol (50,
75 and 100 mg/kg) showed antioxidant activity and reduced
nitrite levels in the hippocampus, and the 50 mg/kg dose
also reduced lipid peroxidation in the prefrontal cortex.
In addition, a correlation was found between the effects of
the 50 mg/kg ortho-eugenol dose on hyperlocomotion and
oxidative stress, which may contribute to the understanding
of its pharmacodynamics. Thus, our results support the
pharmacological potential of ortho-eugenol and can
contribute to direct the development of future research.
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