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 Abstract: Background: Neural cells undergo functional or sensory loss due to neurological disorders. 
In addition to environmental or genetic factors, oxidative stress is a major contributor to neurodegenera-
tion. In this context, there has been a growing interest in investigating the effects of EOs (EOs) in recent 
years, especially in the treatment of neuropathologies. The chemical and biological effects of EOs have 
led to important treatment tools for the management of various neurological disorders. 

Objective:  In the present study we performed a systematic review that sought to comprehend the neu-
roprotective effects of different EOs.  

Method: This work is a systematic review where an electronic search was performed on PubMed, Sci-
enceDirect, Cochrane Library and SciELO (Scientific Electronic Library Online) databases, covering 
the last 10 years, using “Essential oil” and “Neuroprotective effect” as reference terms.  

Results: A total of 9 articles were identified, in which the efficacy of EOs was described in experi-
mental models of anxiety, dementia, oxidative stress, cerebral ischemia, Alzheimer’s disease, and oxi-
dative toxicity. 

Conclusion: EOs from different species of medicinal plants have shown positive responses in neuro-
logical disorders such as anxiety, dementia, oxidative stress, cerebral ischemia, and oxidative toxicity. 
Thus, EOs emerges with the potential to be used as alternative agents in the treatment of neurological 
disorders. 
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1. INTRODUCTION 

 Neurological disorders are related to functional and sen-
sory loss of neuronal cells, with several factors contributing 
to this, such as the environment, genes, or oxidative toxicity. 
Oxidative stress is a major contributor to neurodegeneration, 
as the excess of reactive oxygen species (ROS), when not 
repaired, results in increased damage to biomolecules (DNA, 
lipids, proteins), compromising the functioning of cells. It 
can have repercussions on neurological disorders [1, 2]. 
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 Neurodegenerative diseases and traumatic injuries to the 
brain and spinal cord affect millions of people around the 
world every year. Recent estimates suggest that more than 6 
million people die of stroke annually; about 70 million suffer 
some kind of traumatic brain injury whilst 47.5 million peo-
ple live with dementia. Alzheimer’s disease (AD) is still the 
most common cause of dementia, accounting for 60-70% of 
cases and these numbers end up creating a dramatic econom-
ic impact on the health system [3]. 
 In the United States alone, the combined annual costs of 
these neurological diseases reach nearly U$ 800 billion, alt-
hough this number tends to increase each year due to popula-
tion aging, resulting in a huge economic burden [4]. There-
fore, alternative and lower-cost therapies should be investi-
gated with the purpose of prevention and treatment of neuro-
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degenerative diseases, which will ultimately improve the 
quality of life of affected patients and reduce the aforemen-
tioned economic burden. 
 The use of EOs (EOs) and their compounds has long 
been known in traditional medicine and aromatherapy for the 
treatment of various diseases [5]. In recent years, interest in 
medicinal plants and the study of their compounds has been 
growing, especially for the scientific community that deals 
with neurological disorders [5,6]. The metabolites present in 
EOs have biological and pharmacological properties such as 
antioxidant, anti-inflammatory and neuroprotective, in addi-
tion to being widely used as antibacterial, antifungal and 
insecticidal agents [7]. 
 Natural antioxidants are molecules that protect cells from 
damage induced by ROS. Several of these compounds are 
present in herbaceous plants and have cytoprotective proper-
ties in vitro [6]. Oxidative stress has been associated with 
more than 100 pathologies, such as atherosclerosis, pancreat-
ic diseases, cancer and neurological diseases [8]. Scientific 
evidence has demonstrated the importance of eliminating 
free radicals in the prevention and treatment of neurological 
disorders [7] and antioxidant therapy has shown a protective 
effect. In addition, medicinal plants not only protect oxida-
tive damage, but also play an important role in maintaining 
health and preventing chronic degenerative diseases [8]. In 
this context, the antioxidants present in EOs have been con-
sidered a therapeutic alternative against neuronal loss, as 
they are able to neutralize the action of free radicals, provid-
ing a neuroprotective effect [9]. 
 In view of the promising beneficial effects of natural 
EOs, such as better efficacy, safety, and cost-effectiveness 
[5], this current study aims to investigate, through a literature 
review, the neuroprotective effect of several EOs and their 
secondary metabolites in different neurological disorders. 

2. MATERIALS AND METHODS 

2.1. Databases and Keywords 

 This study comprises a systematic review of the literature 
which was designed based on the following steps: search, 
identification, selection and eligibility of published articles. 
The scientific guiding question that directed this study was, 
“Does EO treatment promote neuroprotection?” 
 The terms used for the search were previously selected 
considering the controlled vocabulary for articles’ indexing 
of the Health Sciences Descriptors. The terms “Essential oil” 
and “Neuroprotective effect” were selected. The boolean 
operator “and” was used to combine both terms, so that the 
association “EO and neuroprotective effect” was used. This 
systematic review of scientific studies followed the guide-
lines based on the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) [10]. 

2.2. Eligibility/Exclusion Criteria 

 The search was performed on articles published between 
December 2017 and January 2018 using four databases: Sci-
ence Direct, PubMed, LILACS, and Cochrane Library. The 
articles had to meet the following criteria: a) Use their own 
primary data; b) Experiments performed on rats or cultures 

of cells that were induced to neurological damage; c) The 
treated groups had some EO administered before or after the 
neurological damage; d) The activity of EOs and their mech-
anisms of action were investigated in neurological lesions; e) 
Articles were published in the last ten [10) years. We dis-
carded all studies that: a) Used experimental models other 
than rats or cell culture; b) Did not use a specific group for 
the treatment with essential oil; c) Were not published in 
English. 
 Studies evaluated in this systematic review have limita-
tions in important aspects. These include: an agent that in-
duces neurological disorders, treatment durations and the use 
of different compounds to simulate neuronal damage in ex-
perimental models and present different mechanisms of ac-
tion, aspects that reinforce the heterogeneity of the studies. 
Grouping statistics were not considered due to methodologi-
cal heterogeneities between studies with different neurologi-
cal disorders analyzed in different experimental models. 
Thus, the meta-analyzes were not performed for the accessed 
data. 

2.3. Methodological Assessment of the Quality of Studies 

 The completed literature included in this systematic re-
view was assessed for validity by an MQA, according to a 
modified version of the Downs and Black ‘Quality Index’ 
(IQ) [11]. The IQ consists of 27 questions applied to the 
MQA of randomized and non-randomized clinical trials, 
case-control, and cohort studies in humans. This tool (de-
signed and published) is not suitable for evaluating animal 
studies that are essentially different from the clinical study 
design. However, with regard to animal studies, the areas 
assessed by the IQ that support internal validity and the fun-
damental scientific method are applicable and can be used 
for animal studies with the same accuracy [12]. 
 Downs and Black IQ represents a model that can be ap-
plied to the development of a tool for assessing the quality of 
studies in animals with proven high internal consistency 
(KR-20: r = 0.89), good test-retest performance (r = 0.88), 
and inter-evaluated performance (r = 0.75) [11,12]. There-
fore, the literature included in this review was assessed by a 
modified Downs and Black IQ. 
 The questionnaire adapted by Ainge et al. had 19 ques-
tions, 12 of which assessed the quality of the reports (includ-
ing specific questions for animals), six assessed the internal 
validity (three biased and confusing), and one question as-
sessed the power of each study [12]. In the present review, 9 
studies were selected using the search strategy; 7 of them 
were developed with animals and 2 with cell culture. For this 
purpose, 6 questions present in the questionnaire that report 
the characteristics of the animals were adapted to characteris-
tics of cell culture (they are respectively from 3 to 7), and one 
question involving confusion (question 18) was adapted for 
the analysis of these 2 studies. This can be seen in Fig. (1). 
 The independent MQA was conducted by two research-
ers. For each study, a 'yes' or 'no' answer was recorded for 
each question with a score of one or zero. The responses 
were added to give a total of 19 points, which was later rep-
resented as a percentage. This assessment consisted of ques-
tions that may have a greater influence on the reliability and 
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Fig. (1). Flowchart of the systematic selection of published articles developed based on PRISMA guidelines [10].  
 
validity of the studies evaluated. In addition, this tool not 
only evaluated all positive responses, but specific scores 
were also calculated for reports and internal validity, ena-
bling a more accurate assessment of the reliability and validi-
ty of the studies [12]. 

3. RESULTS 

3.1. Search Strategy 

 Initially, 3012 articles were found in ScienceDirect, 75 in 
PubMed, 63 in LILACS, and 0 in the Cochrane Library, to-
taling 3,150 publications. In the ScienceDirect database, 
when the “Journal” filter was used, the number of articles 
dropped to 2616. In PubMed, the “animal search” filter was 
selected, which reduced the number of articles to 57, being 
dropped to 46 when the "last 10 years" filter was also ap-
plied. At LILACS, the “animal research” filter was used with 
40 articles which reduced to 37 after using the “last 10 
years” filter. Therefore, the four databases initially yielded a 
total of 2,292 articles after being evaluated by the filter over 
the last 10 years, which is summarized in the flowchart. 
 The evaluation of the records was carried out by match-
ing the title of the articles for the purpose of this review, and 
a total of 2187 articles were excluded. A total of 11 articles 
were excluded by abstracts. Then, a total of 18 full-text arti-
cles were accessed for eligibility and completely read. Sub-
sequently, 9 articles were excluded for failing in inclusion 

and exclusion criteria, and 9 articles met the inclusion crite-
ria mentioned above and were included for MQA (Methodo-
logical Quality Assessment). The complete article selection 
process is summarized in Fig. (1). 
 The process of extracting data from the selected articles 
was performed independently by two evaluators. It was 
guided by a previously developed standard analysis form, 
which was used to evaluate the selected articles through all 
the aforementioned search strategies (Table 1). In case of 
disagreements between the two evaluators regarding the col-
lected data, the inclusion of the data in this study was condi-
tioned to a consensus between the pair. 

3.2. MQA (Methodological Quality Assessment) 

 The MQA performed on the 9 articles included for re-
view is provided in Table 2. The total score for the IQ of 
each article can be seen below. The total score of the works 
varied widely, from 68 [13-16] to 79% [17, 18], with an av-
erage quality rating of 74%.  

 The evaluations of the total classification for reports and 
internal validity identified that the general reports within the 
manuscripts were of a higher quality than the internal validity 
(Table 3). 
 All studies (9/9) adequately report lineages and details of 
the intervention. Most studies were able to detect an im-
portant clinical effect (8/9). However, there were few reports 
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Table 1. Methodological quality assessment questions (modified from (11) and (12)). 

Reporting 

General 
1 Were the hypotheses/aims/objectives of the study clearly described within the introduction? 
2 Were the main outcomes to be measured clearly described in the introduction or methods section? 

Animal characteris-
tics/ cell culture 

3 Was animal species/ strain identified? / Have cell lines been identified? 
4 Has the animal's age been specified? / Was a cell viability test performed? 
5 Have animal weights been specified? / Have the dilutions and time taken for cultures been specified? 
6 Have the initial animal numbers been specified? / Have the culture medium and supplementation percentages been specified? 
7 Have the housing details been specified? / Have the incubator and/or cultivation details been specified? 

Design and outcomes 

8 Were the interventions of interest clearly described? 
9 Were the interventions of interest clearly described? 
10 Were estimates of the random variability in the data for the main outcomes provided? 
11 Have all important adverse events that may be consequences of the intervention been reported? 
12 Have the current probability values been reported for the main outcomes, except where probability value is less than 0.001? 

Internal validity bias 
13 Was an attempt made to blind those measuring the main outcomes of the intervention? 
14 Were the statistical tests used to assess the main outcomes appropriate? 
15 Were the main outcomes measures used accurate (valid and reliable)? 

Confounding 
16 Was it stated in the text that rats were randomized to intervention groups? 
17 Was there adequate adjustment for confounding in the analyses from which the main findings were drawn? 
18 Were losses of animals explained? / Has cell lysis in the medium supernatant been calculated? 

Power 19 Was the paper of sufficient power to detect a clinical important effect where the probability value for a difference being due to 
chance is less than 5%? 

 
Table 2. Methodological quality assessment conducted on all articles included for evaluation in this systematic review. 

Refs. 
Questions 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 Total (%) 

[6] 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 0 1 1 84 

[13] 1 1 1 0 1 1 1 1 1 1 0 1 0 1 1 1 0 0 0 68 

[14] 1 1 1 0 1 1 1 1 1 1 0 1 0 1 1 0 0 0 1 68 

[15] 1 1 1 0 1 0 1 1 1 0 0 1 1 1 1 1 0 0 1 68 

[16] 1 1 1 0 1 1 1 1 1 1 0 1 1 0 0 1 0 0 1 68 

[17] 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 0 0 1 79 

[18] 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 0 0 1 79 

[19] 1 1 1 0 1 0 1 1 1 1 0 1 1 1 1 1 0 0 1 74 

[20] 1 1 1 0 1 1 1 1 1 1 0 1 0 1 1 1 0 0 1 74 

 
Reporting Internal validity    

(Bias) 
Internal validity 
 (Confounding) Power Average 

Total/9 9 9 9 2 9 7 9 9 9 8 3 9 3 8 8 6 0 1 8 74 

 
of blinding (3/9) of those who measure the main results of 
the intervention. Not all adverse events as a result of the in-
tervention were mentioned (3/9). There is a complete ab-
sence in studies of adequate adjustment for confusion in the 
analyses from which the main results were extracted (0/9). 

4. DISCUSSION 

 The studies that were analyzed presented some differ-
ences regarding several aspects. For instance, the studies 
differed with respect to the EO that was investigated. Salvia 
lavandulifolia (5), Propolis (1), Bergamot (1), Pistacia len-

tiscus (1), Aloysia citrodora (1), and Rosa damascena (1) 
were investigated and different neurological disorders were 
evaluated such as oxidative stress (1), anxiety (2), dementia 
(1), cerebral ischemia (3), AD (1) and oxidative toxicity (1), 
including different tests performed in vivo (7) and in vitro 
(2). The method of administering the EOs also differed 
among the studies: orally (1), gavage (1), intraperitoneal (4), 
and inhalation (1). 

 Regarding the genus of the animals, all in vivo studies 
used male rats (7). The experimental models of neuropatho-
logical conditions were induced through stress (2), H2O2 (2), 
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Table 3. Methodological quality assessment results. 

Refs. Reporting x/12 Total % Internal x/7 Validity % Total x/19 Rating % 

[6] 12 100 4 57 16 84 

[13] 10 83 3 43 13 68 

[14] 10 83 3 43 13 68 

[15] 8 67 5 71 13 68 

[16] 10 83 3 43 13 68 

[17] 11 92 4 57 15 79 

[18] 12 100 3 43 15 79 

[19] 9 75 5 71 14 74 

[20] 10 83 4 57 14 74 

AVERAGE 8.1 85 3.1 54 11.2 74 

MQA modified QI results for reporting, internal validity and overall score for the studies reviewed. Result shown as total out of 12, 7 and 19 respectively and as a percentage. 

 
MCAO (2), BCCAO (1), scopolamine (1), β-amyloid (1), 
and L-dopa (1). 

 Regarding the behavioral analysis, the studies used dif-
ferent experimental tests such as locomotor activity test (1), 
high cross maze test (2), open field test (1), and forced 
swimming test (1). Other studies evaluated the following 
biochemical parameters: ROS (2), MNDA (2), MDA (4), 
GSH (4), GSSH (2), CAT (3), SOD (5), GPx (2), GR (1), 
HO-1 (1), NRF2 (1), Caspase-3 (1), nitric oxide (1), GSHPx 
(2), CORT (1), ACTH (1), PTN (2), PCC (2) ecBs (1), 
measurement of fatty acids (1), chelation activity of ferrous 
ions (1), and cell viability (1). 

 The studies also evaluated the following neurological 
outcomes: myocardial infarct size (2), measurement of cere-
bral edema (1), neurological deficits (1), and histopathologi-
cal changes (1), where the tests used were Western blot (3), 
DPPH (1), MTT (1), and non-radioactive CytoTox 96 assay 
(1). 

 The selected articles were reviewed and described in Ta-
ble 4 in terms of EOs and active compounds, mentioning the 
main chemical compounds present in EOs, neurological dis-
order, experimental model, experimental groups, posology, 
experimental analyzes, and the main findings. 

4.1. Anxiety 

 Anxiety is a state of psychological and physiological 
disorder manifested by cognitive, emotional, behavioral, and 
somatic elements. Its onset is sudden and unexpected, with-
out any triggering stimulus. In addition, by dealing with the 
unusual situation of panic, the body is subjected to symp-
toms such as tension, sweating, palpitations, pupillary  
dilation, and shortness of breath [21, 22]. 

 EOs are widely used in aromatherapy towards mild mood 
disorders, minimizing the symptoms of anxiety [23, 24]. In 
fact, several studies have shown that species of Citrus [25, 
26] induce sedative and antidepressant effects in behavioral 
analysis. Bergamot EO (BEO) extracted from Citrus bergamia 
has been used to alleviate such symptoms [19]. 

 Several clinical studies involving aromatherapy with 
BEO have shown promising results, such as stress reduction, 
anti-depression, pain relief, and blood pressure/heart rate 
reduction. In addition, BEO has minimal side effects, and it 
has been suggested that its inhalation may have potential 
therapeutic benefits [27]. In a study conducted by Sai-
yudthong and Marsden (2011), BEO was administered to rats 
previously subjected to anxiety-related situations, such as the 
high-labyrinth test, in which plasma corticosterone levels 
were measured [28]. The authors demonstrated that BEO at a 
concentration of 2.5% exhibited a similar anxiolytic effect as 
that of diazepam; in addition, it attenuated the corticosterone 
response to acute stress. 
 Although the mechanisms by which BEO induces its 
effects on the central nervous system have not yet been fully 
understood, it is suggested that they are mediated by the re-
lease of amino acids that interact with the mechanisms that 
modulate synaptic plasticity. According to a more recent 
study, BEO reduced anxiety behavior in rats through the stress 
response pathway by decreasing hypothalamic-pituitary-
adrenocortical (HPA) activity [29]. The major secondary me-
tabolites of BEO are limonene, linalyl acetate, and linalool. 
Limonene has been reported to exert sedative and anxiolytic 
effects in mice [30]. Another study showed that the subchronic 
treatment with BEO’s secondary metabolites increased the 
concentration of GABA in the rats’ brain, suggesting an anti-
stress effect [31]. On the other hand, inhalation of linalool 
induced relaxation and reduced anxiety in mice [32]. In addi-
tion, linalool decreased human heart rate and exerted a seda-
tive effect on autonomic nervous activity [33]. 
 Similar to BEO, EOs from other plant species  
of the Citrus genus are used as sedatives, hypnotics, and 
tranquilizers, showing potential to be used as alternative 
therapy for anxiety disorders. Citrus aurantium L., whose 
main component is limonene, is popularly used to treat in-
somnia, nervousness, anxiety, and hysteria [34]. Carvalho-
Freitas and Costa (2002) demonstrated that the EO of C. au-
rantium has a potential anxiolytic activity after a single ad-
ministration in mice during elevated-plus labyrinth tests [35]. 
EOs from Citrus latifolia and Citrus reticulata also induced 
anxiolytic and sedative effects after oral administration in 
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Table 4. In vivo and in vitro models of studies neurological disorders and the implications of the essentials oils in the treatment. 

Refs. Medicinal Plant/ 
Essential Oil 

Neurological 
Disorder 

Experimental 
Model Experimental Groups Posology Experimental  

Analyzes Main Findings 

[6] Aloysia citrodora 
(limonene, geranial, 
neral, 1, 8-cineole, 
curcumene, spathu-
lenol and caryo-
phyllene oxide) 

Alzheimer’s 
disease in-
duced by 
H2O2 and β-
amyloid 

 CAD cells Experiment I: 
(1) Control; 
(2) 10µM β-amyloid; 
(3) Aloysia citrodora 
EO (EO) at 0.001 
mg/ml; 
(4) EO at 0.01 mg/ml; 
(5) EO at 0.001 mg/ml 
+ β-amyloid 
(6) EO at 0.01 mg/ml + 
β-amyloid 
Experiment II: 
(1) Control; 
(2) 250µM H2O2; 
(3) EO 0.001 mg/ml; 
(4) EO 0.01 mg/ml; 
(5) EO 0.001 mg/ml + 
250µM H2O2; 
(6) EO 0.01 mg/ml + 
250µM H2O2; 

Cells were 
treated for 24h  

- DPPH assay; 
- MTT assay; 
- CytoTox 96 non-
radioactive assay; 
- Ferrous ion chelat-
ing activity; 

Aloysia citrodora EO inhibited 
nicotine binding to membranes and 
increased ferrous ion chelation in 
vitro. A. citrodora exhibited 
antioxidant and radical elimination 
activities with significant protec-
tive properties, compared to 
hydrogen peroxide and β-amyloid 
induced neurotoxicity. 

[13] Propolis Brazilian 
green própolis (Apis 
mellifera L.) (terpe-
noids, aromatic and 
aliphatic compounds) 

Anxiety-like 
behavior 
induced in 
restraint 
stressed rats 
In vivo 

Rats (1) Normal control; 
(2) Model control; 
(3) Low dose of propo-
lis EO (PEO) (50 
mg/kg); 
(4) Intermediate dose of 
PEO (100 mg/kg); 
(5) High dose of PEO 
(200 mg/kg); 
(6) Positive control 
(DZP 2 mg/kg) 

Orally adminis-
tered PEO and 
DZP at the dose 
of 0.1 mL per 
gram of body 
weight during 
14 days before 
exposure to 
stress 

- Locomotor activity 
test; 
- High cross maze 
test; 
- CORT; 
- ACTH; 
- GSH; 
- MDA; 
- SOD 

Pretreatment with PEO significant-
ly reversed anxiety-like behavior 
in rats. In addition, PEO signifi-
cantly decreased plasma levels of 
CORT, ACTH and MDA, while 
increasing SOD activity. 

[14] Lavandula angusti-
fólia ssp. 
angustifolia Mill. and 
Lavandula hybrida 
Rev. 
(Linalool, linalyl 
acetate, terpinen-4-ol, 
lavandulyl acetate and 
traces of camphor and 
borneol) 

Dementia 
induced by 
scopolamine 
In vivo/ 
inhalation 

Wistar rats (1) Control; 
(2) Positive control 
(Silexan); 
(3) Scopolamin 
(4) L. angustifólia (5) L. 
hybrida 

Silexan and 
Lavandula: 
- The animals 
were exposed to 
vapors (200 µL) 
for 1h daily 
during 7 contin-
uous days; 
Scopolamin: 
- Daily injection 
(i.p.) for 7 
continuous days 
at 30 min after 
exposure to 
Silexan and 
Lavandula 

-SOD; 
- GPx; 
- CAT; 
- GSH; 
- MNDA; 
- Apoptosis 
- Protein assay 

 Subacute exposures to Lavandula 
EOs significantly increased the 
activity of antioxidant enzymes 
(SOD, GPX and CAT) and re-
duced total GSH content, while 
decreasing MDA levels, suggest-
ing an important antioxidant 
activity. In addition, DNA cleav-
age patterns were absent in the 
groups treated with Lavandula, 
suggesting an antiapoptotic activi-
ty. 

[15] Lavandula angustifo-
lia Mill. (linalool, 
linalil acetate, cam-
phor, 1,8-cineole) 
 

Focal cerebral 
ischemia with 
reperfusion 
induced by 
transient 
occlusion of 
the middle 
cerebral artery 

Kunming mice (1) Control; 
(2) Lavandula EO 
(LEO) (50 mg/kg); 
(3) LEO (100 mg/kg); 
(4) LEO (200 mg/kg).  
(5) Positive control 
(Edavarone 3 mg/kg, 
i.p.) 
 

LEO was 
administered 3 
days before 
surgery 

-Measurement of 
neurological deficits; 
-Measurement of the 
infarcted area; 
- Histopathological 
changes; 
- PCC;  
- MDA; 
- SOD; 
- CAT; 
-GSH-Px 
- GSH/GSSG; 
- ROS 

LEO treatment significantly 
decreased neurological deficit 
scores, infarct size, MDA levels, 
carbonylated PTN and ROS. In 
addition, it regulated the activity of 
SOD, CAT, GSH-Px and 
GSH/GSSG. 

(Table 4) contd…. 
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Refs. Medicinal Plant/ 
Essential Oil 

Neurological 
Disorder 

Experimental 
Model Experimental Groups Posology Experimental  

Analyzes Main Findings 

[16] Rosa damascena Mill.  
(flavonoids, anthocy-
anins, terpenes and 
glycosides) and 
Lavandula angustifo-
lia Mill (linalool, 
linalil acetate, cam-
phor, 1,8-cineole) 

L-dopa-
induced 
oxidative 
toxicity 

Albino rats (1) Control; 
(2) L-dopa; 
(3) Vitamin C + L-
dopa; 
(4) Trolox + L-dopa; 
(5) Rose oil + L-dopa; 
(6) Lavender oil + L-
dopa. 

The animals 
were first 
pretreated with 
injections (i.p) 
of vitamin C 
(400 mg/kg), 
Trolox and Rose 
or Lavender oil, 
followed by 
injections of L-
dopa (100 
mg/kg) and 
benserazide (10 
mg/kg) 

-MDA; 
- Nitric oxide; 
- PCC 

 Rose and lavender oils protected 
against acute oxidative toxicity 
induced by L-dopa. Combining L-
dopa therapy with antioxidants 
may reduce related side effects and 
provide symptomatic relief. Since 
natural antioxidants are rich in 
phenols, they can slow the oxida-
tive degradation of lipids, proteins 
and DNA. 

[17] Pistacia lentiscus L. 
(terpenes and sesquit-
erpenes) 

Focal cerebral 
ischemia with 
reperfusion 
(R) induced 
by transient 
bilateral 
common 
carotid artery 
occlusion 
(BCCAO/R) 

Wistar rats  (1) Simulated operation 
+ control; 
(2) Simulated operation 
+ Pistacia lentiscus L. 
EO 
(3) BCCAO/R + control 
(4) BCCAO/R + Pista-
cia lentiscus L. EO 

200 mg of 
Pistacia len-
tiscus L. E.O. 
was adminis-
tered by gavage 

- Measurement of 
fatty acid composi-
tion; 
- Analysis of eCBs 
and congeners; 
- Western blot. 

BCCAO/R induced a decrease in 
docosahexaenoic acid (DHA) in 
the frontal cortex. Pre-treatment 
with Pistacia lentiscus L. EO 
reduced the levels of cyclooxygen-
ase-2 (COX-2). In plasma, only 
after BCCAO/R that EO admin-
istration increased both the ratio of 
DHA-to-its precursor, eicosapen-
taenoic acid (EPA) and levels of 
palmytoylethanolamide (PEA) and 
oleoylethanolamide (OEA). 

[18] Salvia lavandulifolia 
Vahl (Spanish sage). 
 
(1,8-cineole, camphor, 
α-pinene, β-pinene 
and camphene) 

Oxidative 
stress induced 
by H2O2 
 
In vitro 

PC12 cells (1) Control; 
(2) H2O2; 
(3) Triton; 
(4) 5 µg/mL;  
(5) 15 µg/mL; 
(6) 25 µg/mL; 
(7) 50 µg/mL. 
 

- Cells pre-
treated with 5 
and 50 µg/mL 
(24 hs); 
 
- H2O2 0,1 mM 
(30min). 

- Cell viability; 
- Intracellular meas-
urement of ROS;  
- MDMA; 
- GSH/GSSG; 
- CAT; 
- SOD; 
- GPx; 
-GR; 
-HO-1; 
- Nrf2; 
- Western blot; 
- Caspase- 3  

Pretreatment with Spanish sage EO 
decreased MNDA levels and 
intracellular ROS production while 
increased the GSH/GSSG ratio. 
This EO increased antioxidant 
status as evidenced by increased 
activity of antioxidant enzymes 
(CAT, SOD, GPx, GR and HO-1), 
protein expression and inhibition 
of caspase-3 activity. In addition, 
this EO was capable of activating 
transcription factor Nrf2. 

[19] Bergamot Citrus 
bergamia Risso and 
Poiteau 
(monoterpene hydro-
carbons d-limonene, 
the monoterpene ester 
linalyl acetate, mono-
terpene alcohol 
linalool) 

Anxiety 
induced by 
stress 
In vivo 

Wistar rats (1) Control; 
(2) Bergamot EO 
(BEO) (100 L/kg) 
(3) BEO (250 L/kg) 
(4) BEO (500 L/kg) 
(5) DZP  
(1.2mg/kg) 
(6) DZP  
(1.2mg/kg) 

Pre-treated with 
intraperitoneal 
injections at 30 
minutes prior to 
each test  

- Open field test; 
- Labyrinth test; 
- Forced swimming 
test. 

Data analysis suggests that the 
EOs extracted from bergamot 
attenuated anxiety-like behavior in 
rats. 

[20] 
 

Lavandula angustifo-
lia 
(Linalool, linalyl 
acetate, α-pinene, 
limonene,1,8-
cineole,cis-andtrans-
ocimene, 3 octanone, 
camphor, caryo-
phyllene, terpinen-4-
ol and lavendulyl 
acetate, cineole and 
flavonoids) 

Focal cerebral 
ischemia 
induced by 
transient 
middle cere-
bral artery 
occlusion 
(MCAO) 
 

Wistar rats Infarct: 
(1) Control; 
(2) Lavandula EO 
(LEO) (50 mg/kg); 
(3) LEO (100 mg/kg); 
(4) LEO (200 mg/kg). 
Edema: 
(1) Control; 
(2) LEO (100 mg/kg); 
(3) LEO (200 mg/kg); 
(4) LEO (400 mg/kg).  

LEO was 
administered 
intraperitoneally 
(i.p) prior to 
MCAO 
 

- Neurobehavioral 
test; 
- Measurement of 
infarct size; 
- Measurement of 
cerebral edema; 
- MDA; 
-SOD; 
-GSH-px 
- PTN; 
- Western blotting 

Treatment with LEO at doses of 
200 and 400 mg/kg significantly 
reduced infarct size, cerebral 
edema and improved functional 
performance after cerebral ische-
mia. LEO (200 mg/kg) also re-
duced the MDA content and 
increased the activities of SOD, 
GSH-px and total antioxidant 
capacity. Analysis by western 
blotting showed that treatment 
with LEO (200 mg/kg) resulted in 
a significant increase of inactive 
vascular endothelial growth factor 
(VEGF) expression (18%) when 
compared to that of the control 
group. 
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mice 30 min before each experimental procedure. They 
proved to be effective in increasing the duration of sleep 
induced by inhalation with ether [36]. 
 In a recent study conducted by Faturi et al., an anxiolytic 
effect was observed for another Citrus species, sweet orange 
(Citrus sinensis) [37]. The study showed that the rats ex-
posed to 200 and 400 µl of the Citrus sinensis EO showed 
increased exploration of the open arms of the elevated plus-
maze and the lit chamber of the light/dark paradigm. Park et 
al. found that limonene binds directly to adenosine A2A and 
may induce sedative effects [38]. These results suggest that 
limonene may act as a linker and an agonist for A2A adeno-
sine receptors. 
 Another EO worth mentioning is the one extracted from 
propolis (PEO) due to its broad spectrum of biological prop-
erties, such as antioxidant, antimicrobial, anti-inflammatory, 
and anticancer activities [39]. Similar to most of the EOs 
covered in this review, PEO has terpenoids as its main sec-
ondary metabolites. Recent studies have pointed out that 
PEO has neuroprotective effects on retinal ganglion cells, 
neuronal, pheochromocytoma cells (PC12), and human neu-
roblastoma cells (SH-SY5Y) [40]. The anxiolytic effect of 
PEO was unknown until the pioneering study of Li et al. 
who, by using restriction-stress as an experimental model, 
observed that PEO at a dose of 100 mg/kg had therapeutic 
effects on anxiety, whose activity seemed to be attributed to 
the inhibition of HPA axis hyperactivity in mice [13] (Fig. 
2). These authors also showed that treatment with PEO had a 
significant attenuation of lipid peroxidation and partial resto-
ration of SOD activity in the mice’s brain tissue. 

4.2. Dementia 

 Dementia is a clinical syndrome of progressive nature 
that usually leads to disorders of upper cortical functions, 
including memory, thinking, orientation, comprehension, 
calculus, learning ability, abstraction, language, and judg-
ment. Cognitive deficits include memory impairment, apha-
sia, apraxia, agnosia, and executive functioning disorders; all 
of these severely impact the daily life of the patients, espe-
cially the elderly population [41]. 
 Oxidative stress, an important damaging factor during 
aging and pathological conditions, is involved in the onset 
and progression of various neurodegenerative disorders 
[42,43,140,141]. In addition, evidence suggests that the acti-
vation of caspases and the onset of apoptosis have an im-
portant function in the pathophysiology of AD [44]. In this 
way, EO has been identified as a promising approach in the 
prevention of neurological disorders, enabling benefits to 
cognitive health [5]. 

 Lavender EO has shown to be active in the treatment of 
inflammation, depression, stress, and headache. The antioxi-
dant and antiapoptotic activities of the species Lavandula 
angustifolia ssp., angustifolia Mill., and Lavandula hybrida 
Rev have been investigated in rats using the scopolamine-
induced dementia model. The results indicated that after 7 
days of continuous subacute exposure to lavender EO, a sig-
nificant increase in the activity of antioxidant enzymes (su-
peroxide dismutase, glutathione peroxidase, and catalase), a 

marked reduction in the total glutathione content, and re-
duced lipid peroxidation (malondialdehyde level) were ob-
served, suggesting a potential antioxidant activity. The DNA 
cleavage patterns were absent in the lavender-treated groups, 
indicating an antiapoptotic activity. Thus, the authors suggest 
that the antioxidant and antiapoptotic activities of lavender 
EO are the main mechanisms involved in their neuroprotec-
tive effect against scopolamine-induced oxidative stress in 
rats [14]. The main mechanisms of action of both EOs are 
shown in Fig. (3). 
 Other studies with EOs corroborate these findings. Hritcu 
et al. evaluated the effect of lavender oil inhalation on sco-
polamine-induced spatial memory impairment in rats [45]. 
The EOs of Lavandula angustifolia ssp., angustifolia Mill., 
and Lavandula hybrida Rer. were also evaluated after con-
tinuous 7-day exposure to rats submitted to the scopolamine-
induced dementia model (0.7 mg/kg). The results showed a 
significant reduction in anxiety-like behavior and an inhibi-
tion of depression in elevated plus-maze and forced swim-
ming tests, suggesting both anxiolytic and antidepressant 
effects. The spatial memory performance in the Y-maze and 
radial arm-maze was improved, suggesting positive effects 
on memory formation. The authors conclude that chronic 
exposure to lavender EOs can effectively reverse spatial 
memory deficits induced by cholinergic system dysfunction 
in the rat’s brain, therefore, providing an opportunity for the 
management of neurological abnormalities in dementia con-
ditions [45]. 

 Lavender EO has protective properties for the nervous 
system, as it has been shown to be effective in controlling 
neurological disorders such as depression, cerebral ischemia, 
and depression [46,47]. Experimental models of AD treated 
with lavender EO showed its neuroprotective effect and im-
proved cognition, whose mechanism of action was attributed 
to its antioxidant function [14,45]. Linalool, the main com-
ponent of lavender EO (40%) and the secondary metabolite 
responsible for its therapeutic properties, has shown to have 
antioxidant, anti-inflammatory, antitumor, antidepressant, 
and antimicrobial activities [48,49]. In addition, its antioxi-
dant properties have been shown to protect neurons from 
neurotoxicity, and neuropathological and behavioral deficits 
in preclinical studies [50].  
 Xu et al. investigated the effects and related mechanisms 
of lavender EO on cognitive deficits in mice induced by 
aluminum trichloride and D-galactose using the Morris 
aquatic labyrinth and step-through tests [51]. The treatment 
with 100 mg/kg of Lavender EO demonstrated protection 
against the cognitive deficits analyzed, which can be ex-
plained by its antioxidant action, protecting against the de-
crease in the activity of antioxidant enzymes such as super-
oxide dismutase, glutathione peroxidase and avoiding the 
increase of the action acetylcholinesterase and malondialde-
hyde content. It has been shown that lavender EO and its 
bioactive compound Linalool prevent oxidative stress, pro-
tecting the cholinergic function and the expression of pro-
teins involved in synaptic plasticity, as well as the Nrf2/HO-
1 pathway. Thus, it is proposed that linalool extracted from 
lavender consists of a complementary treatment to improve 
cognitive function, mainly in AD [51].  
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Fig. (2). Anxiolytic and antioxidant mechanisms of Brazilian Green propolis essential oil. Propolis EO (PEO) has shown therapeutic effects 
on anxiety through the antagonism of the hypothalamic-pituitary-adrenal (HPA) axis and by enhancing the activity of antioxidant enzymes in 
the brain. In addition, it significantly decreased plasma cortisol levels (CORT) secreted by cells from the fasciculate zone. PEO decreased the 
levels of adrenocorticotropic hormone (ACTH) and malondialdehyde (MDA), while increasing the activity of the antioxidant enzyme super-
oxide dismutase (SOD), therefore, avoiding oxidative stress in brain tissue. (A higher resolution/colour version of this figure is available in 
the electronic copy of the article). 
 

 
 

Fig. (3). Mechanisms of action proposed for Lavandula angustifolia Mill EOs Lavandula hybrida Rev. and Rosa Damascena Mill. and in in 
vivo models for neurological disorders. The study was conducted through an in vivo model of dementia induced by scopolamine. Treatment 
with EOs of Lavandula angustifolia Mill. and Lavandula hybrida significantly increased the antioxidant activities of enzymes SOD, GPX and 
CAT and reduced total GSH content while decreasing MDA levels. In addition, these EOs showed activity on DNA fragmentation, thus the 
cleavage patterns were absent in the treated groups suggesting an antiapoptotic effect. The EO of Rosa damascene Mill. demonstrates a simi-
lar effect because it acts to prevent important oxidative damage caused by intraperitoneal injection with high doses of L-dopa, thus demon-
strating the antioxidant effect that is possibly mentioned as preventing damage to DNA. (A higher resolution/colour version of this figure is 
available in the electronic copy of the article). 
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4.3. Oxidative Stress 

 Oxidative stress has been reported as a major contributor 
to neuronal cell death. It occurs when the balance between 
antioxidants and reactive oxygen species (ROS) is disrupted 
due to depletion of the antioxidants or excess of ROS [52]. 
The imbalance in this homeostasis leads to the production of 
ROS, such as hydrogen peroxide (H2O2), which is involved 
in most cellular oxidative stresses [2,53]. Numerous antioxi-
dant compounds are present in plants and have a protective 
effect, as they have the ability to inhibit or attenuate oxida-
tive degradation caused by ROS [18,54]. It has been shown 
that the EO of medicinal plants such as Salvia lavandulifolia 
has a neuroprotective action, preventing oxidative stress in-
duced by H2O2 in PC12 cells [18]. This mechanism of action 
may be related to the ability of the EO of Salvia lavandulifo-
lia to activate the Nrf2 factor, so the pre-treatment resulted in 
a reduction in lipid peroxidation, caspase-3 activity, and 
ROS levels, enabling viability and recovery of cell morphol-
ogy. 
 Additional studies with other EOs corroborate these find-
ings. Bak et al. evaluated the antioxidant activity of Panax 
ginseng EO (red ginseng), where pretreatment with this EO 
also reduced H2O2-mediated ROS formation [55]. The au-
thors also measured the activity of SOD, GPx, and CAT en-
zymes, which are considered the first line of antioxidant de-
fense against ROS generated during oxidative stress [56]. It 
was observed that the treatment with ginseng EO restored the 
activity of these enzymes. The authors also found that ses-
quiterpenes are the main secondary metabolites present in 
ginseng EO, which are strongly involved in the antioxidant 
activity of EOs from both P. ginseng and S. lavandulifolia. 
 It is well known that astrocytes, the most abundant type 
of glial cells in the brain, protect neurons from ROS and 
damages that would affect neuronal survival. Elmann et al. 
compared the ability of EOs to protect astrocytes from H2O2-
induced death. They found that EO from Salvia fruticosa 
(SF) showed remarkable protective activity [57]. This effect 
was attributed to both R-humulene and R-pinene, which be-
longed to the class of terpenes and attenuated H2O2-induced 
cell death. Therefore, they show the potential to be used as 
an alternative treatment for neurodegenerative diseases. The 
components of the SF EO exerted their protective effect by 
interfering with signals and processes induced by H2O2, ei-
ther directly or through receptor-mediated signaling. 
 Recently published systematic reviews have demonstrat-
ed the neuroprotective effect of phytotherapics, especially 
those with phenolic compounds, in Parkinson’s disease (PD) 
models. The extracts of Camellia sinenses, Cucuma longa, 
Astragalus membranaceus, and Withania somnifera were 
able to improve the cellular antioxidant defense system and 
therefore, avoid oxidative damages [58,139]. In addition, the 
neuroprotective and antioxidant activities of Mucuna pruri-
ens have been demonstrated, which have been attributed to 
its phenolic compounds, especially L-DOPA [59,60].  
 Other natural compounds with antioxidant action can also 
be found in olive oil and a diet enriched with fish oil or co-
conut oil; their administration demonstrated neuroprotective 
action when evaluated in experimental models of rats sub-
mitted to these diets, followed by exposure to filtered air or 

ozone (0.8 ppm) for 4h/day for 2 days. The results show that 
the mitochondrial complex I enzyme activity was significant-
ly decreased in the cerebellum, hypothalamus, and hippo-
campus by diets, and the complex II enzyme activity was 
significantly lower in the frontal cortex and cerebellum of 
rats maintained in all test diets [61]. 
 Extra virgin olive oil contains phenols in its composition 
that represent an important part of the antioxidants present in 
the Mediterranean diet [62-64], especially hydroxytyrosol 
and tyrosol. The oleaginine and oleocantal secairidoides per-
form functions as neuroprotective, anti-inflammatory, and 
anticancer agents [64-66]. In addition, a powerful antioxidant 
molecule, Oleuropein, present in the olive leaf has also 
demonstrated antioxidant properties. Its action on neuronal 
stress induced by hydrogen peroxide in vitro in human glio-
blastoma cells (U87) pretreated with oleuropein EO was 
evaluated, acting on the regeneration of total antioxidant 
capacity and cell survival [67]. 
 As mentioned, dietary factors influence neuronal function 
and synaptic plasticity. A phenolic compound present in ol-
ive oil, hydroxytyrosol (HTyr), had a neuroprotective effect. 
It was observed that HTyr treatment activates neurogenesis 
in the dentate gyrus of the adult, elderly and null Btg1 mice, 
increasing the survival of new neurons and decreasing apop-
tosis. The treatment also stimulates the proliferation of stem 
cells and progenitors and reduces the aging markers of 
lipofuscin and Iba1. Thus, the results show that treatment 
with HTyr may indicate a promising therapy, as it neutralizes 
the decline in neurogenesis during aging [68]. 

4.4. Cerebral Ischemia 

 Cerebral ischemia (CI) is one of the main causes of mor-
bidity and mortality in society nowadays, as it affects mil-
lions of people and results in high health costs [69]. CI oc-
curs with an interruption of regional cerebral blood flow, 
causing hypoxia and subsequently an insufficient supply of 
glucose, whose persistence can impair the development of 
brain functions. It is generally associated with the onset  
and progression of neurodegenerative diseases of cognitive 
impairment [70, 71]. The result is free radical-mediated  
toxicity, resulting in neurological deficit and neuronal death 
[72, 73]. 
 Current treatments for reducing post-ischemic neuronal 
damage have limitations, so it is necessary to study comple-
mentary treatments [74]. Terpenoids constitute the largest 
and structurally the most diverse group of volatiles released 
by plants. These compounds are present in EO and have neu-
rological properties such as antidepressant, antinociceptive, 
and sedative [75, 76].  
 Linalool consists of a monoterpene present in the laven-
der EO which has therapeutic properties and acts on nervous 
disorders [77, 78]. Pharmacological studies have demon-
strated that linalool has a broad spectrum of action in exper-
imental models of epilepsy in mice, such as protection 
against convulsions induced by pentilenotetrazole, picrotox-
in, and electroshock [79]. Linalool also acts as a competitive 
antagonist of NMDA receptors involved in the loss of 
memory [15].  
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 A recent study reported the neuroprotective activity of 
lavender oil in transient focal cerebral ischemia in mice [20]. 
Lavender oil attenuated MCAO-induced cerebral edema in 
rats. These results provided new evidence of the neuropro-
tective potential of lavender oil in a model of focal cerebral 
ischemia in rats. 
 Lavandula angustifolia also had a neuroprotective effect 
on focal cerebral ischemia in experimental models with 
Wistar rats, mainly the groups treated with doses of 200 and 
400 mg/kg of EO. After treatment, it was observed that the 
functional performance improved after ischemia, reduction 
of the area of infarction, and cerebral edema [20]. In addi-
tion, it enhanced the total antioxidant defense system [20]. 
Neuroprotective mechanisms of both Lavandula and Pistacia 
are depicted in Fig. (4). 
 Another EO present in the leaves of Pistacia lentiscus L. 
showed a relatively high concentration of terpenes and  
sesquiterpenes [17]. Chang et al. demonstrated that β-
caryophyllene, another natural bicyclic sesquiterpene, was 

able to inhibit cortical neuronal damage when administered 
prior to the initial injury in rat reperfusion models [80]. The 
authors also suggested that the neuroprotection induced by 
this sesquiterpenoid may be partially related to the modula-
tion of inflammatory mediators. Thus, treatment with β-
caryophyllene decreased reperfusion-induced ischemia, cor-
tical cell death, production and expression of inflammatory 
mediators (NO and PGE2/COX-2) in vitro, and cortical in-
farction and neurological deficit in vivo.  
 Chang et al., working with several terpenoids in an in 
vitro simulated ischemia model using human neuroblastoma 
SH-SY5Y cell line, verified that the sesquiterpenoid trans-
cariophilene was the most potent neuroprotective compound 
[81]. In addition, it proved to be even more potent than MK 
801 (positive control). 
 Partenolide (PN), a sesquiterpene lactone found in EOs 
extracted from Indian plants, has demonstrated a wide range 
of biological activities, including anti-inflammatory, anti-
apoptosis, and anti-oxidation. PN is a secondary metabolite 

 
 

Fig. (4). Main mechanisms of action of Lavandula angustifolia and Pistacia lenticus L. in experimental models of focal cerebral ischemia. 
The mechanisms of action of Lavandula angustifolia were investigated using an in vivo experimental model of focal cerebral ischemia in-
duced by transient occlusion of the middle cerebral artery. The Lavandula angustifolia oil at 200 and 400 mg/kg significantly decreased both 
infarct size and cerebral edema. In addition, it reduced the levels of MDA and ROS, as well as increased the activities of SOD and GSH-px 
and the total antioxidant capacity. In an experimental model of cerebral ischemia induced by occlusion of the common carotid artery fol-
lowed by reperfusion (BCCAO/R), it was observed that such occlusion triggered a decrease of docosahexaenoic acid (DHA) in the frontal 
cortex. However, the experimental groups treated with Pistacia lenticus L. showed an increase in the ratio of DHA to its precursor eicosa-
pentaenoic acid (EPA). Moreover, it increased the levels of palmitoylethanololamide (PEA) and oleoylethanolamine (OEA) in the brain, 
decreasing its susceptibility to oxidation. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
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of a lipophilic character that favors a good permeability 
through the blood-brain barrier (BBB) [82]. Dong et al., us-
ing a classic model of cerebral ischemia induced by transient 
occlusion of the middle cerebral artery (MCAO), demon-
strated that the systemic administration of this sesquiterpene 
relieved the ischemic brain injury due to a marked reduction 
of the inflammatory response, which occurred through the 
negative regulation of caspase-1, phospho-p38MAPK, and 
NF-κB, therefore, improving the blood-brain barrier through 
the positive regulation of claudin-5 [83, 84]. This regulation 
had a positive aspect in the study as caspases are known to 
mediate cell death and inflammation. Thus, it is expected 
that the blockage of caspase-1 might, in fact, reduce the in-
flammatory responses to focal ischemia. In addition, the im-
provement of the blood-brain barrier strength proved to be 
important since its rupture after cerebral ischemia is consid-
ered the initial step in the development of brain lesions. 
 EO of cinnamon powder called trans-cinnamaldehyde 
(TCA) also showed neuroprotective action in an animal 
model of brain injury induced by ischemia/reperfusion (I/R), 
and the neuroprotective mechanism was verified in LPS-
induced inflammation of microglia cells BV-2. The findings 
of this study demonstrated that TCA at concentrations of 10-
30 mg/kg significantly reduced the area of infarction and the 
neurological deficit score. In addition, it inhibited NO pro-
duction induced by LPS of 0.5 µg/ml without affecting cell 
viability. It improved brain damage through inhibition of 
neuroinflammation, attenuation of iNOS, expression of 
COX-2, and NFκ-B signaling pathway [85]. 

 Other compounds have also been investigated that 
showed neuroprotective activity, such as resveratrol, a phy-
tochemical that can be found naturally in red wine, grapes, 
berries, chocolate, and peanuts [86]. This polyphenol also 
demonstrated positive action in an experimental model of 
cerebral ischemia. In cerebral ischemia, there is an increase 
in oxidative stress due to the overproduction of ROS, and it 
was investigated whether the neuroprotective effect of 
resveratrol was related to its modulation of the concentra-
tions of metallic lead and trace elements [87]. To carry out 
the experiments, rats received resveratrol (20 mg/kg) once a 
day for 10 consecutive days. Cerebral ischemia was induced 
by ligating the right middle cerebral artery and the right 
common carotid artery for 1 h. Then, the cerebral cortex tis-
sues were homogenized, and the supernatants were collected 
for biochemical analysis [87]. It was observed that rats pre-
treated with resveratrol before ischemia had significantly 
higher concentrations of trace elements of Mg, Zn, and Se 
and greater antioxidant activity in the cerebral cortex when 
compared to untreated rats, in addition to the pretreatment 
having attenuated lipid peroxidation and concentrations of 
toxic metal, thus demonstrating that the mechanisms under-
lying the neuroprotective effect of resveratrol involve the 
modulation of brain levels of trace elements, antioxidant 
activity, toxic metallic lead, and lipid peroxidation [87]. 
Resveratrol has also been shown to mitigate neuronal cell 
death, inflammation, and oxidative stress [88]. In addition to 
being indicated as a potential alternative for neuroinflamma-
tory diseases, based on in vitro and in vivo studies, it is also 
revealed as an important compound with neuroprotective 
action [89]. 

 A recently published review also demonstrated the neu-
roprotective effect of an EO extracted from black cumin 
seeds (Nigella sativa), and its main active component, thy-
moquinone, as a neuroprotective potential in acute and 
chronic forms of brain pathology, including neuroprotective 
action demonstrated in ischemia models/cerebral reperfu-
sion, PD, AD and traumatic brain injury [90]. 

4.5. Alzheimer’s Disease 

 As previously reported, the antioxidants present in some 
medicinal plants work by inhibiting or attenuating oxidative 
stress, as these compounds are capable of combating free 
radicals. Some flavonoids and other phenolic compounds are 
included among these natural antioxidants. A recently pub-
lished systematic review showed that curcumin acts through 
several neuroprotective mechanisms that ultimately prevent 
the neurotoxic and behavioral damages in AD models [91]. 
Curcumin acts on the antioxidant defense system, avoiding 
the formation of senile plaques due to its anti-amyloidogenic 
activity, significantly attenuating the formation of neurofi-
brillary tangles of TAU protein [92]. 
 The EO of medicinal plants such as Aloysia citrodora 
provided partial and complete protection against oxidative 
stress in neuroblastoma cells, in an experimental model with 
AD after H2O2 induction and β-amyloid-induced neurotoxi-
city. The study demonstrated that the induction of toxicity 
with 250 µm H2O2 did not result in a neurotoxic effect in the 
treatment group with 0.01 and 0.001 mg/mL of A. citrodora 
EO, as it showed neuroprotective action in both concentra-
tions [6]. 
 Evidence indicates that the neuroprotective activity 
shown by A. citrodora may be related to its chelating action, 
since one of the antioxidant mechanisms is the chelation of 
transition metals, preventing the catalysis of H2O2 decompo-
sition through the Fenton reaction [93]. Primordial 
mechanisms proposed for the action of EO of A. cytrodora 
and Salvia lavandulifolia in models of neurological disorders 
in vitro are described in Fig. (5). 
 One of the mechanisms that may be involved in the anti-
oxidant activity of EO is its ability to chelate iron II, because 
as reported in the literature, chelating agents act as secondary 
antioxidants, reducing the redox potential of transition met-
als by regulating the metallic ion in its form oxidized [94]. 
In addition, the effect of A. citrodora EO on two major bind-
ing sites at GABAA receptor was investigated in order to 
detect its ability to modulate this receptor. The results 
demonstrated that A. citrodora EO inhibited the [3H] nico-
tine binding, which contradicts the results for the European 
lemon balm oil where no significant effect on [3H] nicotine 
binding activity was detected (up to 0.1 mg/mL). However, 
this EO showed a significant inhibitory effect on [35 S] 
TBPS (Tert-Butylbicyclophosphorothionate) binding to the 
GABAA receptor channel [95]. These findings helped to 
understand that nicotinic acetylcholine receptors represent 
recent therapeutic targets for the treatment of pathologies 
associated with the Central Nervous System. 
 Other EO that had a neuroprotective effect and may  
be natural agents of therapeutic interest against Aβ 1-42-
induced neurotoxicity were the lavender and coriander 



1750    Current Neuropharmacology, 2021, Vol. 19, No. 10 Fernandes et al. 

 
 

Fig. (5). Mechanisms of action proposed for the EOs of Aloysia cytrodora and Salvia lavandulifolia on in vitro models for neurological disor-
ders. Subtitle. Aloisia cytrodora presented important mechanisms of action in an in vitro model for Alzheimer's disease induced by H2O2 and 
β-amyloid. Its EO exhibited antioxidant and radical scavenging activities in additional to significant protective properties when compared to 
H2O2 and β -amyloid-induced neurotoxicity. It shows an iron chelation activity in vitro through hydroximation of Fe3+ to Fe2+, which is an 
important mechanism as the transition metal ions contribute to the oxidative damage involved in neurodegenerative disorders. Therefore, the 
chelation of transition metals avoids decomposition catalysis of H2O2 via the Fenton type reaction. Conversely, Salvia lavandulifolia present-
ed protective mechanisms even after induction of H2O2 toxicity. Salvia lavandulifolia is able to activate the transcription factor Nrf2 (regula-
tor of antioxidant genes) as the protein expression and the activity of CAT, HO-1, SOD and GPX are reduced, which correlates with the de-
crease in the levels of Nrf2. Thus, treatment with S. lavandulifolia regulated Nrf2 and concomitantly increased HO-1, which results in de-
creased ROS formation and increased cell viability when compared with the group exposed to H2O2 without S. lavandulifolia essential oil. In 
addition, it reduced the levels malondialdehyde (MDA) induced by H2O2 and avoided mitochondrial damage due to its inhibition effect over 
caspase 3 (effector of apoptosis). (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
 
EOs, and their main active constituent is linalool. Lavender 
and coriander EOs at a concentration of 10 µg/mL, as well as 
linalool at the same concentration, acted to improve the via-
bility and reduce nuclear morphological abnormalities in 
cells treated with Aβ 1-42 oligomers for 24 hours. In addi-
tion, EOS and linalool have also been shown to neutralize 
the increased production of intracellular ROS and the activa-
tion of the pro-apoptotic enzyme caspase-3. Together, these 
findings indicated possible protective agents [96]. 

 The EO of Zataria multiflora (ZMEO) has been shown to 
act against memory impairment in a rat model of AD. For 
this, four groups were treated as follows: Negative Control 
(NC): no treatment, Simulated Control (sham): distilled wa-
ter by intracerebroventricular injection (ICV), AD control 
performed with Aβ 1-42 by ICV injection, and the ZMEO 
group established with Aβ 1-42 by ICV injection and ZMEO 
at 100 µL/kg orally for 20 days [97]. 

 The results of this study demonstrated that ZMEO has a 
protective effect against memory impairment in rats with 
AD, at least in part, by reducing the activity of AchE in the 
hippocampus and increasing BDNF levels without altering 
antioxidant status. Thus, the authors indicate that these find-
ings may pave the way for future studies on the usefulness of 
ZMEO in preventing AD [97]. 
 As mentioned previously, a substance indicated with neu-
roprotective and antioxidant capacity was resveratrol, also 
presenting great prospects as a therapeutic candidate for the 
treatment of AD [86]. This polyphenol demonstrated neuro-
protective activity in several in vivo and in vitro models of 
AD, since its effects include its antioxidant and anti-
inflammatory function and non-amyoloidogenic degradation 
of amyloid precursor protein (APP) acting in the removal of 
toxic amyloid beta peptides, a mechanism that prevents and 
slows pathology [86]. However, as indicated in the study, it 
is unlikely to be effective as monotherapy in AD due to its 
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low bioavailability, biotransformation, and necessary syner-
gism with other dietary factors [86]. 
 Resveratrol crosses the blood-brain barrier and acts to 
increase anti-oxidant enzymes and is also involved in 
Sirtuin-mediated life extension activity (SIRT1), thus in-
volved in aging. Thus, resveratrol reduced glial activation 
and helped to increase hippocampal neurogenesis, decreasing 
the expression of amyloid precursor protein. It is associated 
with the improvement of spatial working memory. Despite 
all these beneficial mechanisms, the study also highlights 
that resveratrol alone may not be an effective therapy when 
compared to resveratrol coupled with other compounds [98]. 
 The neuroprotective effect of resveratrol was also ob-
served in a mouse model with diabetes associated with AD. 
Two pathologies that share pathophysiological mechanisms, 
such as inflammatory pathways, apoptosis and oxidative 
stress, demonstrate that the protective mechanisms of 
resveratrol act on these mechanisms. Therefore, it was 
demonstrated that resveratrol may have a neuroprotective 
action by activating Sirt1 signaling in diabetes and AD with 
concomitant onset [99]. 

 It is worth noting that even with EOs and chemical com-
pounds with beneficial action in experimental models of AD, 
there are no effective human studies available for AD and 
dementia to date since the search for drugs for treatment has 
not resulted in effective therapies [100, 101]. In light of this, 
in order to obtain satisfactory results in therapies aimed at 
AD, it is essential to establish critical goals for the disease 
process, conduct rigorous tests, and develop effective agents 
[100]. 

4.6. Oxidative Toxicity 

 Oxidative stress is one of the main contributors to toxici-
ty towards brain cells [102]. Therefore, substances like 
Levodopa which has been considered as the gold standard 
for treating PD, have been questioned in some in vitro stud-
ies due to the toxicity for dopaminergic neurons [103]. This 
finding usually results from the prolonged use of L-dopa, 
which has been associated with motor complications that end 
up obscuring its clinical efficacy. Thus, it seems reasonable 
to assume that the use of natural antioxidants might retard 
the progression of PD or even avoid the side effects of L-
dopa [104]. 

 Cellular oxidative degradation has been hindered by EOs 
from Rosa damascena Mill and Lavandula angustifolia [16], 
whose antioxidant activity has been attributed to their high 
content of different terpenes. In addition, Nikolova et al. 
investigated the ability of EOs isolated from Lavandula an-
gustifolia Mill. and Rosa damascena Mill. in combination 
with vitamin C and Trolox in reducing the oxidative stress 
induced by L-dopa in healthy rats [16]. The protective effect 
against oxidative toxicity of L-dopa were evaluated by 
measuring the levels of OS-MDA, carbonylated protein con-
tent (CPC), and NO radicals in the rats’ brain homogenate 
and blood, where the dose of 400 mg/kg of the EOs showed 
the best protective results. In addition, the results indicated 
that Rosa damascena EO showed the highest scavenging 

activity of 2, 2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) 
free radical.  
 It has been shown that natural terpenes present in Rosa 
damascena Mill and Lavandula angustifolia have protective 
effects in neurodegenerative diseases [16]. The neuroprotec-
tive effects of these substances are due to their ability to 
cross the blood-brain barrier and directly capture the chelat-
ed metal ions and ROS/RNS [105,106], as well as through 
their antioxidant effects on the brain [106]. 
 Hancianu et al. investigated the neuroprotective effects of 
inhaled lavender oils on the toxicity induced by scopolamine 
[14]. The authors found that after subacute exposure (daily 
for 7 continuous days) to lavender oil, a significant increase 
in the activities of the antioxidant enzymes GPX and CAT 
and a reduction of lipid peroxidation (MDA level) were ob-
served, which suggests a potential antioxidant activity. 
 A study on the action of EO of Selinum vaginatum 
(Edgew) investigated its neuroprotective effect after induc-
ing oxidative damage caused by methylmercury (MeHg). 
The analysis showed that there was a significant inhibition of 
the levels of glutathione (GSH) and CAT activity and an 
increase in the levels of substances reactive to thiobarbituric 
acid (TBARS) in the sample treated with MeHg. These 
changes were prevented by co-incubating with EO extracted 
from Selinum vaginatum, consisting of an important defense 
mechanism against oxidative damage [107]. 
 The EO of Eplingiella fruticosa also demonstrated a neu-
roprotective effect and was used in association with cy-
clodextrins, which are used to improve the pharmacological 
profile of the EO. EPL was obtained from leaves complexed 
with β-cyclodextrin (EPL-βCD). The effects of EPL and 
EPL-βCD at a concentration of 5 mg/kg, for 40 days in male 
were evaluated since this EO has anti-inflammatory and an-
tioxidant activities. EPL delayed the onset of catalepsy and 
decreased the levels of membrane lipid peroxides in the stria-
tum. In addition, EPL-βCD also delayed the onset of catalep-
sy, reducing the frequency of oral dyskinesia, restoring 
memory deficit, producing anxiolytic activity and protecting 
against the depletion of dopaminergic depletion in the stria-
tum and Substantia nigra pars compacta (SNpc). Taken to-
gether, such results indicate that this EPL has an important 
neuroprotective effect in an animal model of progressive PD, 
possibly because of its anti-inflammatory and antioxidant 
actions [108]. 

4.7. EOs Safety 

 EOs are generally safe with minimal adverse effects 
[109]. Several oils have been approved as food additives and 
fall into the category of generally recognized as safe by the 
Food and Drug Administration (FDA) [110]. The most 
common adverse effects reported are sensitization and irrita-
tion to the eyes, skin and mucous membranes, particularly 
oils containing aldehydes and phenols and EOs containing 
furocoumarins, such as Citrus bergamia [109, 111, 112]. In 
experimental models, there are some reports of genotoxic 
effect, and some examples such as a report proving the geno-
toxic effect on bone marrow in vivo of thymol and carvacrol 
[113].  
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 Another study investigated the genotoxic and mutagenic 
potential of the EOs of Rosmarinus officinalis (rosemary) in 
rodents, using comet, micronucleus and chromosomal aber-
ration assays. The animals received three dosages of rose-
mary oil (300, 1000 and 2000 mg/kg), with assessment of 
liver cells and peripheral blood collected 24 hours after 
treatment for testing. All doses of rosemary oil evaluated 
induced significant increases in DNA damage in mouse cells 
and there was also a significant increase in micronucleated 
cells and chromosomal aberrations at the two highest doses 
tested [114]. 
 The genotoxicity of lavender oil, linalyl acetate, and lin-
alool was investigated in human lymphocytes in vitro by the 
micronucleus test. In the range of non-toxic concentrations 
(0.5-100 µg/ml), linalyl acetate significantly increased the 
frequency of micronuclei and in a concentration-dependent 
manner; lavender oil did this only at the highest concentra-
tion tested, while linalool was free of genotoxicity. The study 
suggests that the mutagenic activity of lavender oil may be 
related to the presence of linalyl acetate, which appears to 
have an aneugenic agent profile [115]. These studies show 
that even with countless beneficial effects, a careful assess-
ment of the safety of compounds and EOs is important. 

4.8. Action of Neurotrophins and their Connections with 
Polyphenol Supplementation 

 Neurotrophins are proteins that are involved in the proper 
functioning and development of neurons, acting in the pre-
vention of programmed cell death and thus allowing the sur-
vival of neurons [115, 116, 142], besides acting in neurogen-
esis processes [117, 118]. Nerve Growth Factor (NGF) and 
Brain-Derived Neurotrophic Factor (BDNF) are two well-
studied neurotrophic factors [119, 120], playing important 
roles in the growth, development and survival of brain cells, 
also acting in behavioral processes associated with stress, as 
well as in learning and memory [116, 120-122]. 
 Evidence indicates the role of BDNF in the pathophysi-
ology of many neuropsychiatric, neurodegenerative disor-
ders, depression, and anxiety. In addition, when present at 
low levels, it is associated with the etiology of Alzheimer’s 
and Huntington’s diseases [123]. A decrease in BDNF secre-
tion leads to changes in anxiety-related memory and learning 
behavior [124, 125]. 

4.8.1. Olive Polyphenols 

 It was observed that the use of polyphenols can positively 
affect NGF and BDNF actions. One of the polyphenols that 
demonstrated positive action on NGF and BDNF was the 
polyphenol present in the olive extract [126]. The study was 
carried out with mice that were divided into two groups, an-
imals administered with polyphenol and the control group. 
The polyphenol group received intraperitoneal injections for 
10 consecutive days of a mixture of polyphenols extracted 
from the residues of the olive (bagasse) (10 mg/kg), obtained 
during the production of extra virgin olive oil in saline solu-
tion, and the control group received the same amount of sa-
line solution in the same scheme of treatment. After 10 days, 
the growth factors NGF and BDNF were analyzed in the 
hippocampus, frontal cortex, striatum, and olfactory bulbs 
with enzyme immuno-absorption assay kits (ELISA), and 

behavioral tests were performed [126]. The results showed 
that olive polyphenols in mice could increase levels of NGF 
and BDNF in important areas of the limbic system and olfac-
tory bulb, which play an essential role in the processes of 
memory and learning and in the proliferation and migration 
of endogenous progenitor cells present in the rodent brain 
[126]. 

4.8.2. Resveratrol 

 Resveratrol, a natural polyphenol enriched in Polygonum 
cuspidatum, prevents impaired cognition induced by chronic 
unpredictable mild stress (CUMS) in rats, an important find-
ing since depression is a neuropsychiatric disorder associated 
with impaired cognition and changes in the neuroendocrine 
system and brain proteins [127, 128]. The results indicated 
that CUMS (5 weeks) produced cognitive deficits in rats, as 
indicated by the Morris water maze (LAM) and new object 
recognition task. In addition, exposure to CUMS significant-
ly increased serum corticosterone levels and decreased 
BDNF levels in the prefrontal cortex (CPF) and hippocam-
pus. Resveratrol may be an effective therapeutic agent for 
cognitive disorders, as seen in the stress model and its neu-
roprotective effect was mediated in part by the normalization 
of serum corticosterone levels, which increased regulation of 
BDNF, pCREB, and pERK levels [127]. 
 In addition, resveratrol attenuated the neurotoxicity in-
duced by the sevoflurane anesthetic by the SIRT1-dependent 
regulation of BDNF expression in developing mice. Pre-
treatment of neonatal mice with resveratrol almost reversed 
the reduction in the expression of SIRT1 in the hippocam-
pus, which increased the expression of BDNF in developing 
mice exposed to sevoflurane. In addition, changes in CREB 
and MeCP2 levels, which were considered to interact with 
BDNF promoter IV, were also rescued by resveratrol. In this 
way, resveratrol improved the cognitive performance of 
adult mice [129]. 
 Resveratrol is reported as a therapeutic potential in neu-
ropsychiatric diseases and the neurotrophin NGF and the 
endocannabinol system are involved in its mechanisms of 
action. After single and 4-week intraperitoneal (i.p.) once-
daily injections and of resveratrol (40, 80, and 100 mg/kg), 
amitriptyline (2.5, 5 and 10 mg/kg) or clonazepam (10, 20, 
and 40 mg/kg) into male Wistar rats, the contents of eCB and 
NGF were quantified in the brain regions involved in the 
modulation of emotions by isotope dilution liquid chroma-
tography/mass spectrometry and Bio-Rad protein assay, re-
spectively. The study concluded that resveratrol, like the 
classic antidepressant amitriptyline, affects brain NGF and 
eCB signaling under the regulatory action of CB1 receptors 
[130]. 

4.8.3. Green Tea Polyphenols 

 The polyphenol epigallocatechin-3-gallate (EGCG) found 
in green tea also showed a beneficial effect against sevoflu-
rane-induced neuronal apoptosis involving the regulation of 
CREB/BDNF/TrkB signaling pathways, both crucial for 
neurogenesis and synaptic plasticity [131]. Distinct groups of 
C57BL/6 mice were used, which received EGCG (25, 50 or 
75 mg/kg body weight) from postnatal day 3 (P3) to P21 and 
were exposed to sevoflurane (3%; 6 h) in P7. EGCG signifi-
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cantly inhibited sevoflurane-induced neuroapoptosis as de-
termined by staining with Fluoro-Jade B and terminal label-
ing with dUTP nick end deoxynucleotidyl transferase 
(TUNEL) [131]. The study indicates that EGCG was able to 
effectively inhibit sevoflurane-induced neurodegeneration 
and improve mouse learning and memory retention by acti-
vating the CREB/BDNF/TrkB-PI3K/Akt signaling [131]. 
 EGCG is also an important polyphenol with significant 
effects on anxiety and depression. Another study showed that 
rats administered intraperitoneally (i.p.) with EGCG for 14 
successive days after the single prolonged stress process 
(SPS). This procedure stimulated the cognitive deficit in the 
Morris water maze test and in the object recognition task, 
and this impairment was improved by EGCG (25 mg/kg, 
i.p.). The daily administration of EGCG significantly de-
creased the freezing response to contextual fear conditioning; 
in addition, it moderated the memory-related decreases in the 
alternation of the binding protein to the cAMP and BDNF 
response element in the hippocampus. Thus, the results sug-
gested that EGCG alleviated SPS-stimulated learning and 
memory deficit by inhibiting the increase in neuroinflamma-
tion in the rat brain [132]. 
 A recent study found that tea polyphenols (TP) attenuate 
staurosporine-induced cytotoxicity and apoptosis by modu-
lating the BDNF-TrkB/Akt and Erk1/2 signaling axis in hip-
pocampal neurons. In addition, TP has shown beneficial ef-
fects to protect neurons from exogenous insults, such as 
STS-induced neural cytotoxicity and cell death. The study 
pointed that the BDNF-TrkB and Akt signaling axis was 
essential for the TP-mediated neuroprotective effects [133]. 
 Another study also reported the beneficial effects of 
green tea in improving cognitive impairment induced by 
isoflurane by modulating oxidative stress; in addition, poly-
phenols administered at 25mg/kg per day significantly atten-
uated cognitive dysfunction on day 3 after anesthesia with 
isoflurane and effectively mitigated isoflurane-induced SOD 
declines, as well as levels of p-CaMKII, p-CREB and BDNF 
[134]. 

4.8.4. Cocoa Polyphenols 

 Cocoa powder also has polyphenols that triggered neuro-
protective and preventive effects in a model of human Alz-
heimer’s disease by activating the BDNF signaling pathway 
in both cells treated with Aβ plaque and cells treated with Aβ 
oligomers, resulting in the counter-reaction of neuritis dys-
trophy, in addition to confirming the antioxidant properties 
present [135], indicating the use of cocoa powder as a neuro-
degeneration preventive agent [135]. 

 A recently published systematic review investigated the 
effects of cocoa and cocoa products on cognitive perfor-
mance in young adults and the results of individual studies 
confirm that acute and chronic cocoa intake has a positive 
effect on various cognitive outcomes [136]. After acute con-
sumption, these beneficial effects appear to be accompanied 
by an increase in cerebral blood flow or cerebral blood oxy-
genation. After chronic ingestion of cocoa flavonoids in 
young adults, better cognitive performance was found along 
with increased levels of neurotrophins. The study also sup-
ports the beneficial effect of cocoa flavonoids on cognitive 

function and neuroplasticity and indicates that such benefits 
are possible in early adulthood [136]. 
 Polyphenols like catechins have also been shown to pro-
tect neurons against mitochondrial toxins and HIV proteins. 
A study carried out in a medium-yield assay for the screen-
ing of neuroprotective compounds using primary mixed neu-
ronal cells and mitochondrial toxin 3-nitroprionic acid point-
ed out that, from the 256 compounds that showed varying 
degrees of neuroprotection, nine were related to epicatechin, 
a monomeric flavonoid found in cocoa and green tea leaves 
that easily crosses the blood-brain barrier. Therefore, cate-
chin, epicatechin, and the related compound, epigallocate-
chin gallate (EGCG) were subsequently tested for their neu-
roprotective properties against HIV Tat and gp120 proteins, 
and compared with resveratrol [137]. The results showed that 
epicatechin and EGCG target BDNF and its pro-BDNF pre-
cursor signaling pathways, normalizing both Tat-mediated 
increases in pro-apoptotic pro-BDNF and concomitant Tat-
mediated decreases in BDNF protein in neurons of the hip-
pocampus. Besides, the study also emphasized that epicate-
chin may be the best therapeutic candidate for neurodegener-
ative diseases, involving neurocognitive disorders associated 
with HIV, where oxidative stress is an important mechanism 
[137].  
 Further, a review study also highlighted that a better un-
derstanding of the effects of polyphenols on neurotrophins 
and their receptors could generate interest for drug discovery 
and also for the potential food prevention of several neuro-
logical and cardiometabolic diseases [138-142]. 

CONCLUSION 

 The EOs investigated in this review, especially those that 
present terpenoids as major components, were able to mark-
edly improve the natural antioxidant system and, therefore, 
reduced the neuronal losses which resulted in significant 
improvements in behavioral tests. 
 Limitations were faced during the bibliographic search 
due to the limited number of studies on the subject of this 
review. In addition, considerable research deficits that eluci-
dated the mechanisms involved in the neuroprotective activi-
ty of the EOs were observed. Since neurological disorders 
compromise the quality of life of the affected individuals, the 
elucidation of the mechanisms of action of the EOs or their 
main secondary metabolites would increase the chances of 
success of such products on the treatment of neurological 
disorders. Besides the antioxidant activities of these essential 
oils, other advantages seem to be their fewer side effects and 
lower costs when compared to synthetic drugs. Therefore, 
additional studies are needed in order to clarify the neuropro-
tective effects of the EOs as well as their long-term safety in 
patients with neurological disorders.  

SUMMARY POINTS  

• EOs from different species of medicinal plants have 
shown positive responses in neurological disorders such 
as anxiety, dementia, oxidative stress, cerebral ischemia, 
and oxidative toxicity. 

• The EOs extracted from bergamot attenuated anxiety-like 
behavior in rats. 
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• Treatment with Lavandula angustifolia at doses of 200 
and 400 mg/kg significantly reduced infarct size, cerebral 
edema, and improved functional performance after cere-
bral ischemia. 

• Cellular oxidative degradation has been hindered by EOs 
from Rosa damascena Mill and Lavandula angustifolia, 
whose antioxidant activity has been attributed to their 
high content of different terpenes. 

• Aloysia citrodora EO in the presence of 0.01 and 0.001 
mg/mL provides complete and partial protection from ox-
idative stress in a H2O2-induced experimental model and 
β-amyloid-induced neurotoxicity using neuroblastoma 
cells. 

LIST OF ABBREVIATIONS 
ACTH  = Adrenocorticotropic hormone 
AD  = Alzheimer’s disease 
BBB  = Blood brain barrier 
BCCAO  = Bilateral common carotid artery occlusion 
BEO  = Bergamot essential oil 
CAT  = Catalase 
CORT  = Cortistatin 
CPC  = Carbonylated protein content 
DPPH  = 2,2-difenil-1-picril-hidrazil. 
DPPH  = 2,2-diphenyl-1-picrylhydrazyl 
EcBs  = Endocannabinoids 
EOs  = Essential oils 
GABA  = Gamma-AminoButyric Acid 
GPx  = Glutathione peroxidase 
GR  = Glutathione reductase 
GSH  = Glutathione 
GSHPx  = Glutathione peroxidase 
GSSH  = Oxidized glutathione 
H2O2  = Hydrogen peroxide 
HO-1  = Heme-oxigenase 
HPA  = Hypothalamic-pituitary-adrenocortical 
L-DOPA  = Levodopa 
MCAO  = Middle cerebral artery occlusion 
MDA  = Malondialdehyde 
MK 801  = Dizocilpine 
MNDA  = Myeloid cell nuclear differentiation antigen 
MTT  = 3-4,5-Dimethylthiazol-2-yl-2,5-

diphenyltetrazolium bromide 
NMDA  = N-methyl-D-aspartate 
NO  = Nitric oxide 
NRF2  = Nuclear factor erythroid 2-related factor 2 
PC12  = Cells pheochromocytoma cells 

PCC  = Pheochromocytoma 
PD  = Parkinson’s disease 
PEO  = Propolis essential oil 
PGE2/COX-2  = Prostaglandin E2/ Cyclooxygenase 2 
PN  = Partenolide 
PTN  = Pleiotrophin protein 
ROS  = Reactive Oxygen Species 
Sf  = Salvia fruticosa 
SH-SY5Y  = Human neuroblastoma cells 
SOD  = Superoxide dismutase 
TBPS  = Tert-Butylbicyclophosphorothionate 
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