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Abstract

Essential oils (EOs), complex mixtures of volatile organic compounds derived from aromatic plants, have demon-
strated significant therapeutic potential for neurological and psychiatric disorders through multi-targeted mecha-
nisms. This comprehensive review synthesizes current evidence regarding the neurological effects of essential oil
components, with emphasis on psychiatric disorders (depression and anxiety), sleep disorders (insomnia), and neu-
rodegenerative diseases (particularly Alzheimer’s disease). The major bioactive constituents—including monoterpe-
nes (linalool, a-pinene, limonene, 1,8-cineole), sesquiterpenes (B-caryophyllene, patchoulol), and phenylpropanoids
(cinnamaldehyde, eugenol)—exert neuroprotective effects through convergent mechanisms despite compositional
diversity. These mechanisms encompass modulation of neurotransmitter systems (GABAergic, serotonergic, dopa-
minergic, cholinergic), regulation of the hypothalamic-pituitary-adrenal axis, anti-inflammatory and antioxidant ac-
tivities, inhibition of pathological protein aggregation, enhancement of neurotrophic factor expression, and recep-
tor-mediated neuroprotection involving GABAA and cannabinoid type 2 (CB2) receptors. The convergence of diverse
phytochemical compositions on common therapeutic targets suggests potential for personalized approaches based
on individual tolerability profiles, while the multi-targeted nature of EOs aligns with the multifactorial pathogenesis
of neurological disorders, supporting their investigation as complementary therapeutic strategies.

Keywords: Essential oils; Neuroprotection; Depression; Anxiety; Insomnia; Alzheimer’s disease; Neurotransmitter modulation; Multi-
targeted therapy.

1. Introduction

Essential oils (EOs) represent a diverse class of natural aromatic
compounds that have been utilized in traditional medicine systems
across various cultures for thousands of years. From ancient Egyp-
tian, Greek, Persian, and Chinese civilizations to contemporary
aromatherapy practices, these volatile plant extracts have main-

tained their prominence in treating numerous health conditions,
particularly those affecting the nervous system (Sattayakhom et
al., 2023). EOs, derived from aromatic plants, are natural, con-
centrated, hydrophobic, and fragrant volatile liquids composed
of complex compound mixtures as secondary metabolites (Lal et
al., 2022). These complex chemical entities can be extracted from
various plant parts including leaves, flowers, bark, seeds, roots,
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and peels through methods such as steam distillation, hydro-dis-
tillation, cold pressing, or more modern techniques including su-
percritical fluid extraction and microwave-assisted extraction (da
Costa et al., 2022; Kowalonek et al., 2023). The chemical com-
position of EOs is extremely diverse, with individual oils con-
taining dozens to hundreds of distinct compounds. For instance,
tea tree oil contains more than 100 different compounds, mainly
monoterpenes and their derivatives (Yang et al., 2022). Chamo-
mile EOs comprise more than 120 chemical components, includ-
ing sesquiterpenes, sesquiterpene lactones, flavonoids, and vola-
tile compound more than 620 millions (Maleki et al., 2023). The
major chemical groups found in EOs include monoterpenes, ses-
quiterpenes, phenylpropanoids, and various oxygenated deriva-
tives (Zigmantaite et al., 2022). Among these, certain compounds
such as linalool, limonene, a-pinene, B-pinene, 1,8-cineole, and
B-caryophyllene frequently dominate the composition and are
believed to contribute significantly to the biological activities of
these oils (Kamaityté-Bukelskiené et al., 2021; Othman et al.,
2023; Rasouli et al., 2023; Mwithiga et al., 2024). The lipophilic
nature and relatively small molecular size of many EOs compo-
nents facilitate their absorption through biological membranes,
including the blood-brain barrier, enabling direct interactions
with neural tissues (Hung et al., 2022).

The burden of neurological and psychiatric disorders continues
to escalate globally, affecting millions of individuals and imposing
substantial socioeconomic costs on healthcare systems worldwide
(Shang et al., 2020; Li et al., 2022b). It is estimated that more than
620 million people worldwide suffer from depression and disorders,
more than 20% of the general population experience sleep distur-
bances, more than 10 million people have Parkinson’s disease, and
more than 55 million people have Alzheimer’s disease (AD) (Su et
al., 2021; Fang et al., 2022; Li et al., 2022c; Shu et al., 2022; Wu
et al., 2022). Conventional pharmacological treatments, while ef-
fective for many patients, are often associated with significant ad-
verse effects, limited efficacy in certain populations, development
of tolerance, and high costs. Furthermore, the side effect profiles of
synthetic medications including benzodiazepines, selective seroto-
nin reuptake inhibitors, and other psychotropic drugs have prompted
increasing interest in natural alternatives that may offer therapeutic
benefits with improved safety profiles (Barcelo et al., 2025; Jannini
et al., 2025). Recent preclinical and clinical research has demon-
strated that essential oils exert measurable pharmacological effects
on the central nervous system through multiple mechanisms. These
include modulation of neurotransmitter systems (GABAergic, sero-
tonergic, dopaminergic, and cholinergic pathways), regulation of the
hypothalamic-pituitary-adrenal axis, anti-inflammatory and antioxi-
dant activities, neuroprotective effects against oxidative stress and
neuroinflammation, and direct interactions with various receptors
and ion channels (Wei et al., 2021; Cortes-Torres et al., 2023; Xu et
al., 2023a; Brinza et al., 2025; Shoji et al., 2025; Zhang et al., 2025).
The olfactory pathway represents a unique route through which EOs
can rapidly access brain regions involved in emotional regulation,
stress response, and cognitive processing, potentially achieving
swift therapeutic effects (Yin et al., 2020).

This comprehensive review synthesizes current knowledge re-
garding the effects of EOs on the nervous system, with specific
emphasis on three major categories of neurological disorders:
psychiatric disorders (depression and anxiety), sleep disorders
(insomnia), and neurodegenerative diseases (particularly AD). We
systematically examine the chemical composition of major EOs,
elucidate their mechanisms of action at molecular, cellular, and
systems levels, and identify future research priorities to advance
the therapeutic application of these natural compounds in neuro-
logical medicine.

2. Major bioactive components in EOs

EOs comprise complex mixtures of volatile organic compounds,
with their therapeutic properties attributed to specific bioactive
constituents. Understanding the chemical nature and biological
activities of these components is fundamental to elucidating their
neurological effects and optimizing their therapeutic applications.

2.1. Monoterpenes

Monoterpenes, containing ten carbon atoms (C,,), represent the
most abundant class of compounds in many EOs (Sun et al., 2022).
These molecules are characterized by high volatility, lipophilic-
ity, and the capacity to penetrate biological membranes including
the blood-brain barrier (Rolf et al., 2020; Wu et al., 2025). Among
monoterpenes, linalool stands as one of the most extensively studied
compounds, serving as a major constituent in lavender, bergamot,
and coriander EOs (Katsuyama et al., 2015; Aelenei etal., 2019; Ren
et al., 2025). Linalool exists in both enantiomeric forms, with the
S-(+)-linalool form commonly found in EOs demonstrating signifi-
cant anxiolytic and sedative properties (Cheng et al., 2015; Bechen
et al., 2022). Limonene, another prevalent monoterpene, is found in
natural fruits such as grapefruit (95% content), tangerine (94%), or-
ange (91%), mandarin orange (72%), lemon (65%), and elemi resin
(50%) (Gonzalez-Mas et al., 2019).Studies have shown that D - li-
monene has an anti - stress effect, and the anti - stress effect may
stem from its potential to regulate the physiological and behavioral
parameters of experimental animals (Anandakumar et al., 2021).

Pinene (C,,H, ;) represents another important bicyclic terpene hy-
drocarbon featuring double bond structures (Stockmann et al., 2020;
Noroozi et al., 2024). The two naturally occurring structural isomers,
a-pinene and B-pinene, are among the most representative members
of the monoterpene family. Each isomer exists as enantiomeric pairs
[(+) and (—)], which exhibit distinct interactions with polarized light
and are non-superimposable mirror images, yielding a total of four
optically active forms (Vespermann et al., 2017). Both isomers are
colorless liquids with distinct physicochemical properties. a-Pinene
is water-insoluble but readily dissolves in oils and ethanol, exhibit-
ing a boiling point of 155 °C. In contrast, $-pinene is oil-soluble but
shows no solubility in either ethanol or water, with a boiling point
of 163-166 °C (Salehi et al., 2019). B-Pinene can be commercially
produced through distillation processes or by chemical transforma-
tion of a-pinene. Both a-pinene and B-pinene, either individually
or in combination, have been identified in numerous plant species
across diverse botanical families. Representative sources include
conifers (Pinus spp., Juniperus communis, J. oxycedrus), culinary
herbs (Rosmarinus officinalis, Lavandula stoechas, Coriandrum
sativum, Cuminum cyminum), aromatic spices (Myristica fragrans,
Cinnamomum verum, Piper nigrum, P. guineense), citrus species
(Citrus limon, C. bergamia), and various medicinal plants (Mela-
leuca alternifolia, Achillea millefolium, Artemisia capillaris, Ferula
kuhistanica, F. clematidifolia), among others (Sharopov et al., 2016;
Sharifi-Rad et al., 2017; Khalifaev et al., 2018).

2.2. Sesquiterpenes

Sesquiterpenes (C,;), consisting of three isoprene units, are char-
acterized by reduced volatility relative to monoterpenes and have
been shown to exert pronounced protective effects on the nerv-
ous system (Forouzanfar et al., 2022; Qin et al., 2022; Wuken et
al., 2023). B-Caryophyllene (BCP), a representative bicyclic ses-
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quiterpene, is abundantly present in the essential oils of various
food plants, including cloves, basil, and black pepper, has attracted
considerable attention due to its selective agonism of cannabinoid
type 2 (CB2) receptors (Varga et al., 2018; Urasaki et al., 2020).
This interaction mediates anti-inflammatory and neuroprotective
effects without the psychoactive properties associated with CB1
receptor activation (Ramanaiah et al., 2022; Wu et al., 2022). Stud-
ies have demonstrated that BCP exerts protective effects in various
neurological disorders, including pain, anxiety, spasticity, convul-
sions, depression, alcoholism, and AD (Machado et al., 2018).
Additionally, BCP exhibits local anesthetic-like activity, protects
the nervous system against oxidative stress and inflammation, and
functions as an immunomodulatory agent (Noor, 2024). Additional
sesquiterpenes, exemplified by a-humulene found in hops and can-
nabis, exert pronounced anti-inflammatory effects by regulating
microglial activation (Zaman et al., 2015; Haro-Gonzalez et al.,
2021; Klimek et al., 2021; Barbalace et al., 2023). This modula-
tion is particularly significant as microglial activation constitutes a
pivotal event in the neuroinflammatory processes underlying neu-
rodegenerative diseases.

2.3. Phenylpropanoids

Phenylpropanoids are generally present as minor components in
certain essential oils and are structurally characterized by a ben-
zene ring linked to a three-carbon propyl side chain (Neelam et
al., 2020). Eugenol, the primary component of clove essential oil
also present in cinnamon and bay leaf oils, demonstrates multiple
neuroprotective mechanisms including antioxidant activity, anti-
inflammatory effects, and modulation of neurotransmitter systems
(Mesole et al., 2020). Studies have shown that eugenol appears to
combat oxidative stress, reduce inflammatory responses, and pre-
vent amyloid-f (AB) plaque accumulation, suggesting its potential
to delay the onset or progression of AD (Kakkar et al., 2025). Cin-
namaldehyde, which constitutes the major constituent of cinnamon
bark oil, demonstrates neuroprotective properties through multiple
mechanisms, including restriction of neutrophil recruitment, inhi-
bition of reactive oxygen species (ROS), mitigation of histological
damage, and attenuation of acute hippocampal dysfunction (Kuru
Bektagoglu et al., 2021).

2.4. Oxygenated compounds

Oxygenated monoterpenes represent another class of compounds
in essential oils, such as 1,8-cineole, linalool, and o-terpineol.
1,8-Cineole, also known as eucalyptol, serves as the primary com-
ponent of eucalyptus oil and appears in significant concentrations
in rosemary, tea tree, and laurel oils (Jiang et al., 2021). This com-
pound demonstrates anxiolytic and cognition-enhancing properties,
with mechanisms of action including the modulation of cholinergic
activity and antioxidant properties (Bahrami et al., 2023; Smach et
al., 2024). Menthol, the predominant component of peppermint oil,
activates transient receptor potential melastatin 8§ (TRPMS) recep-
tors, producing cooling sensations and analgesic effects (Xu et al.,
2020). This mechanism underlies its efficacy in treating headaches
and may contribute to its effects on alertness and cognitive func-
tion (Cabaifiero et al., 2025). Linalyl acetate, abundant in lavender
oil alongside linalool, contributes to sedative and anxiolytic effects
through similar but complementary mechanisms to its parent alco-
hol (Chamine and Oken, 2016; El-Tokhy et al., 2023).

The chemical diversity of EOs provides a molecular basis for
their neurological effects. These bioactive compounds demonstrate

favorable physicochemical properties for central nervous system
access, including appropriate lipophilicity, molecular weights gen-
erally below 300 Da, and capacity to cross the blood-brain barrier
through passive diffusion or direct olfactory pathways. The small
molecular size and volatility of many components enable rapid
absorption via inhalation, while lipophilic characteristics facilitate
percutaneous penetration following topical application. Neuro-
logical and psychiatric disorders each present distinct pathophysi-
ological features—neurotransmitter imbalances, chronic neuroin-
flammation, oxidative stress, synaptic dysfunction—that serve as
potential therapeutic targets for EOs intervention.

3. The effects and mechanisms of EOs in nervous and mental
diseases

3.1. Psychiatric disorders: depression and anxiety

Depression and anxiety disorders collectively represent the most
prevalent psychiatric conditions globally, affecting over 250 mil-
lion individuals and imposing substantial personal and societal
burdens (Lu et al., 2022b). Major depressive disorder (MDD) is
characterized by persistent dysphoric mood, anhedonia, cogni-
tive impairment, and neurovegetative symptoms including sleep
disturbance and psychomotor changes (Li et al., 2022a). The neu-
robiological underpinnings involve complex interactions among
neurotransmitter systems, neuroendocrine dysfunction, and cellu-
lar pathology (Pike et al., 2022).

Deficiencies in serotonergic, noradrenergic, and dopaminergic
neurotransmission contribute to depressive symptomatology, with
reduced synaptic availability of these monoamines resulting from
decreased synthesis, increased reuptake, or excessive degradation
by monoamine oxidase enzymes (Shewale et al., 2012; Bosnjak
Kuharic et al., 2019). Beyond monoaminergic dysfunction, chronic
activation of the hypothalamic-pituitary-adrenal (HPA) axis rep-
resents a cardinal neuroendocrine feature of depression (Menke,
2024). Sustained hypersecretion of corticotropin-releasing hormone
from hypothalamic neurons drives excessive adrenocorticotropic
hormone release from the pituitary, culminating in elevated cortisol
production (Eriksson et al., 2023). Chronic hypercortisolemia ex-
erts deleterious effects on hippocampal neurons, impairing neuro-
plasticity, reducing neurogenesis in the dentate gyrus, and causing
dendritic atrophy (Fang et al., 2020). Glucocorticoid receptor resist-
ance develops with prolonged exposure, disrupting normal negative
feedback regulation and perpetuating HPA axis hyperactivity (Gane-
san et al., 2024). GABAergic innervation normally inhibits CRH
secretion in the paraventricular nucleus, but decreased GABAergic
tone in depression weakens this inhibitory control, contributing to
HPA axis overactivation (Colmers and Bains, 2018). Furthermore,
pro-inflammatory cytokines, including TNF-o, IL-1f, and IL-6, are
significantly upregulated in depressed patients and contribute to
serotonin depletion through indoleamine 2,3-dioxygenase (IDO) ac-
tivation, which diverts tryptophan metabolism from the serotonergic
pathway toward kynurenine production. Additionally, these inflam-
matory mediators downregulate brain-derived neurotrophic factor
(BDNF) expression, consequently impairing neuronal survival, syn-
aptic plasticity, and adult neurogenesis (Beurel et al., 2020; Zhang et
al., 2020; Lu et al., 2022a).

Anxiety disorders, while overlapping with depression in
some neurobiological features, exhibit distinct pathophysiologi-
cal characteristics. GABAergic neurotransmission dysfunction
represents a central mechanism underlying anxiety symptoma-
tology. Gamma-aminobutyric acid (GABA), the primary inhibi-
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Figure 1. The effects of EOs on depression and anxiety.

tory neurotransmitter in the mammalian central nervous system,
regulates neuronal excitability through GABA A and GABA B
receptor activation (Lydiard, 2003; Zhu et al., 2018). Diminished
GABAergic inhibition in anxiety-related neural circuits includ-
ing the amygdala, prefrontal cortex, and bed nucleus of the stria
terminalis results in excessive neuronal activation and height-
ened fear responses (Yu et al., 2022; Wang et al., 2023; Chen et
al., 2024a; Li et al., 2024a). Serotonergic dysfunction also con-
tributes to anxiety pathophysiology, with the 5-HT1A receptor
subtype playing particularly important roles in anxiety regulation
through autoreceptor-mediated control of serotonergic neuronal
firing and postsynaptic effects on amygdala and hippocampal
function (Stiedl et al., 2015). There exists complex regulatory
relationships between neurotransmitter systems, with seroto-
nin modulating prefrontal cortex functions via regulation of
GABA_A receptor-mediated inhibitory transmission and directly
regulating dopamine release through actions on dopaminergic
neurons or ventral tegmental area GABAergic and glutamatergic
neurons (Tan et al., 2004; Di Giovanni et al., 2010).

Current pharmacological interventions target these neurobio-
logical mechanisms but suffer from significant limitations that
motivate investigation of complementary approaches. The thera-
peutic limitations of conventional treatments, combined with
patient preferences for natural interventions and concerns about
pharmaceutical adverse effects, have prompted systematic investi-
gation of EOs as potential complementary or alternative therapeu-
tic approaches for psychiatric disorders. EOs address psychiatric
disorders through multi-level mechanisms operating across neuro-
transmitter systems, neuroendocrine pathways, inflammatory pro-
cesses, and neuroplasticity regulation (Figure 1). The convergence
of these mechanisms provides therapeutic effects relevant to both
depression and anxiety, conditions that frequently co-occur and
share overlapping neurobiological substrates.

3.1.1. Monoaminergic neurotransmitter system modulation

Central monoamine neurotransmitter abnormalities represent core
pathophysiological features addressable by essential oils. Multiple
studies demonstrate that EOs administration increases brain con-
centrations of serotonin, norepinephrine, and dopamine in depres-
sion-relevant regions. Ligusticum wallichii essential oil increases
dopamine in hippocampus and norepinephrine in prefrontal cortex
and striatum of chronic stress-induced depression model rats (Ling
et al., 2019). The mechanisms involve both enhanced synthesis
and reduced degradation, with Myristica fragrans essential oil
demonstrating monoamine oxidase inhibition that reduces neuro-
transmitter breakdown and consequently increases brain serotonin,
dopamine, and norepinephrine levels (Zhang et al., 2021). Asarum
essential oil increases serotonin, glutamate, and GABA levels
through mechanisms resembling fluoxetine hydrochloride (Pu
et al., 2018), while individual monoterpene components includ-
ing linalool and B-pinene produce antidepressant effects through
direct monoaminergic system interactions (Guzman-Gutiérrez et
al., 2015). Pharmacological dissection studies employing receptor-
specific antagonists elucidate the precise receptor subtypes mediat-
ing essential oil effects. The antidepressant action of lemon essen-
tial oil is blocked by buspirone (5-HT1A agonist), DOI (5-HT2A
agonist), and mianserin (5-HT2A/C antagonist), while reserpine
completely blocks its effects, indicating involvement of both sero-
tonergic and noradrenergic systems (Hao et al., 2013). For anxiety,
lavender essential oil’s effects are blocked by the S-HT1A antago-
nist WAY-100635 but not by GABA A antagonists, demonstrating
primary serotonergic mediation (Chioca et al., 2013). Conversely,
carvacryl acetate’s anxiolytic effect is reversed by flumazenil but
not WAY-100635, confirming direct GABA_A receptor media-
tion, while lemongrass oil’s action is blocked by picrotoxin but not
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WAY-100635 (de Moraes Pultrini et al., 2006; Chioca et al., 2013).
This receptor selectivity variation explains differential therapeutic
profiles across EOs, with some primarily targeting serotonergic
systems and others engaging GABAergic mechanisms.

3.1.2. GABAergic and glutamatergic neurotransmission

Beyond classical neurotransmitters, EOs modulate amino acid
neurotransmitter systems critical for anxiety regulation. Bergamot
essential oil significantly elevates extracellular concentrations of
aspartate, glycine, and taurine following intraperitoneal administra-
tion. When perfused into rat hippocampus, bergamot oil increases
both GABA and glutamate levels, maintaining the critical excita-
tory-inhibitory balance (Morrone et al., 2007). At high concentra-
tions, bergamot oil-induced glutamate release is prevented by glu-
tamate transporter blockers, suggesting monoterpene hydrocarbons
stimulate release through transporter reversal mechanisms. Linalo-
ol affects glutamate release and reuptake in vitro, while a-asarone
downregulates GluR 1-containing AMPA receptors and NR2A-con-
taining NMDA receptors while upregulating GABA_A receptors in
the basolateral amygdala, a region critical for emotional regulation
(Silva Brum et al., 2001; Tian et al., 2017).

3.1.3. HPA axis regulation and neuroendocrine effects

HPA axis dysregulation characteristic of depression and anxiety is
normalized by EOs at multiple regulatory levels (Zhang and Yao,
2019; Zhang et al., 2021). Agarwood essential oil reduces cortico-
tropin-releasing factor gene expression and significantly inhibits
CREF receptor transcription and protein expression in cerebral cor-
tex and hippocampus, while downstream decreasing adrenocorti-
cotropic hormone and cortisol concentrations (Wang et al., 2018).
Bergamot essential oil attenuates corticosterone responses to acute
elevated plus maze stress and participates in HPA axis regulation
by modulating GABAergic neurotransmission (Saiyudthong and
Marsden, 2011). S-limonene reduces serum corticosterone and in-
hibits HPA axis activity through mechanisms potentially mediated
by GABA receptors (Zhou et al., 2009). Ylang-ylang essential oil
reverses corticosterone changes induced by the 5-HT2C agonist
mCPP[84], demonstrating integration of serotonergic and HPA
axis modulation (Zhang et al., 2016). Clinical studies have shown
that inhaling rose oil can reduce the concentration of oxygenated
hemoglobin in the right prefrontal cortex, indicating physiologi-
cal relaxation (Igarashi et al., 2014). The reason may be related to
mediating the downstream effects of the HPA axis.

3.1.4. Anti-inflammatory and neuroprotective mechanisms

Inflammatory mechanisms contribute importantly to depression
and anxiety pathophysiology, with EOs demonstrating robust anti-
inflammatory effects. Purple perilla essential oil significantly re-
duces IL-6, IL-1PB, and TNF-a in hippocampus of chronic stress
model mice, with these effects occurring concurrently with in-
creased 5-HIAA and serotonin (Ji et al., 2014). Styrax essential
oil inhalation produces antidepressant and anxiolytic effects ac-
companied by reduced serum angiotensin, IL-6, and TNF-a (Li-
ang et al., 2018). Geraniol inhibits NF-xB pathway activation and
regulates NLRP3 inflammasome expression (Deng et al., 2015).
By targeting upstream inflammatory mechanisms, EOs may pre-
vent cascades perpetuating psychiatric pathology. Neuroplasticity
enhancement provides additional therapeutic mechanisms address-

ing stress-induced neuronal damage. Basil volatile oil reduces cor-
ticosterone while upregulating BDNF and glucocorticoid receptor
expression, reducing hippocampal neuronal atrophy and apoptosis,
and increasing astrocyte and neuron numbers (Murarikova et al.,
2017). Cananga odorata essential oil suppresses ERK phosphoryl-
ation and downstream CREB phosphorylation and c-Fos expres-
sion in hippocampus (Zhang et al., 2018), while vetiver essential
oil increases c-Fos expression in central amygdaloid nucleus (Sai-
yudthong et al., 2015), demonstrating MAPK pathway involve-
ment in anxiolytic effects.

3.1.5. lon channel modulation and electrophysiological effects

Additional mechanisms include voltage-gated calcium channel
modulation, with Silexan non-selectively reducing calcium influx
through N-, P/Q-, and T-type channels, dampening neuronal ex-
citability and neurotransmitter release under anxiety conditions
(Schuwald et al., 2013). Electroencephalographic studies reveal
that EOs modulate cortical activity patterns associated with emo-
tional states. Bergamot oil increases alpha and beta rhythms in hip-
pocampus and theta and alpha bands in cortex, while geraniol in-
creases delta wave percentage (Rombola et al., 2009; Medeiros et
al., 2018). Lavender inhalation decreases alpha-1 waves at parietal
and posterior temporal regions in comfortable subjects (Masago
et al., 2000). Changes in left frontal alpha activity correlate with
anxiety symptom reduction, suggesting EEG measures may serve
as biomarkers of essential oil anxiolytic effects (Moscovitch et al.,
2011).

Beyond their effects on mood and anxiety, EOs also demon-
strate therapeutic potential in related neurological conditions, par-
ticularly sleep disorders, which share common neurobiological
substrates with psychiatric conditions.

3.2. Sleep disorders and insomnia

Sleep disorders, particularly insomnia, affect approximately 30% of
adults globally, with chronic insomnia characterized by difficulty
initiating sleep, maintaining sleep, or early morning awakening oc-
curring at least three times weekly for three months or longer and
causing daytime impairment (Germain et al., 2021; Hammad et
al., 2022). The neurobiological architecture governing sleep-wake
regulation involves homeostatic and circadian processes mediated
by multiple neurotransmitter systems. The homeostatic process is
driven by adenosine accumulation during wakefulness, generating
increasing sleep pressure proportional to prior wake duration (Wang
et al., 2022a). Adenosine binds to A1 and A2A receptors in sleep-
regulatory brain regions, inhibiting histaminergic neurons while
activating sleep-promoting GABAergic neurons in the ventrolat-
eral preoptic nucleus (Pelluru et al., 2016; Guo et al., 2020; Shao et
al., 2020). GABAergic neurotransmission constitutes the principal
sleep-promoting mechanism. GABAergic neurons in the ventrolat-
eral preoptic nucleus directly inhibit arousal-promoting regions in-
cluding the tuberomammillary nucleus, locus coeruleus, and dorsal
raphe nucleus, forming a “flip-flop” switch that generates discrete
wake and sleep states (Zhang et al., 2022). Reduced GABAergic
tone leads to inadequate inhibition of arousal systems, with studies
showing that peripheral blood expression levels of GABA A recep-
tor a1 and a2 subunit mRNA differ significantly between sleep dis-
order patients and healthy individuals (Xiang et al., 2023).

Beyond immediate neurotransmitter-mediated sleep-wake
switching, sleep regulation involves coordinated circadian tim-
ing and neuropeptide systems that maintain stable arousal states.
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Figure 2. The effects of EOs on sleep disorders.

The circadian timing system, orchestrated by the suprachiasmatic
nuclei (SCN), synchronizes endogenous biological rhythms to the
24-hour light-dark cycle through light input via the retinohypotha-
lamic tract and temporal cues from melatonin secretion (Lamba et
al., 2014). Melatonin, synthesized in the pineal gland from sero-
tonin, exhibits a robust circadian rhythm with peak secretion dur-
ing darkness (Hsiao et al., 2019). Melatonin binding to MT1 and
MT?2 receptors in the SCN conveys the signal of darkness to the
biological clock, with MT1 activation decreasing wake-promoting
activity and MT?2 activation inducing phase shifts in circadian tim-
ing (Yoon et al., 2020). In addition, the orexin (hypocretin) neuro-
peptide system, plays a central role in stabilizing wakefulness and
preventing inappropriate transitions between sleep and wake states
(Beuckmann et al., 2019). Orexinergic neurons release orexin-A
and orexin-B peptides that activate noradrenergic, histaminergic,
serotonergic, and cholinergic arousal systems while modulating
motivation, stress responses, and energy metabolism (Saper et
al., 2005; Muehlan et al., 2023). In insomnia, dysregulated orexin
signaling may contribute to hyperarousal states characterized by
elevated cortical activation and impaired sleep onset despite ade-
quate homeostatic sleep pressure. Serotonergic neurotransmission
exhibits complex, state-dependent effects on sleep-wake regula-
tion. Serotonergic neurons demonstrate highest firing rates during
wakefulness, reduced activity during NREM sleep, and minimal
activity during REM sleep (Kato et al., 2022). Serotonin serves as
the metabolic precursor for melatonin synthesis, establishing a di-
rect biochemical link between daytime arousal and nighttime sleep
promotion (Lee et al., 2021). Serotonin modulates sleep archi-
tecture through diverse receptor subtypes, with 5-HT2A receptor
activation increasing wakefulness and reducing slow-wave sleep
(Vanover and Davis, 2010).

At the cellular level, chronic insomnia is increasingly recog-
nized as involving metabolic dysregulation and oxidative-inflam-

matory processes that interact bidirectionally with neurotransmitter
and circadian systems to perpetuate sleep disturbance. Emerging
evidence implicates oxidative stress, neuroinflammation, and
mitochondrial dysfunction as fundamental pathophysiological
mechanisms underlying chronic insomnia, with these processes
intimately linked to circadian clock dysregulation. Mitochondri-
al rhythms, synchronized by circadian clock genes, are essential
for maintaining redox balance, and circadian disruption increases
ROS production in sleep-regulatory brain regions, impairing neu-
ronal firing and melatonin secretion (Silver et al., 2012; Solt et al.,
2012). Elevated ROS inhibits circadian clock gene transcription,
creating a vicious cycle that exacerbates circadian disruption and
sleep fragmentation (Early et al., 2018). Beyond damaging effects,
ROS also act as signaling molecules modulating inflammatory re-
sponses and neuronal excitability implicated in sleep regulation
(Castillo-Vazquez et al., 2025). This oxidative burden activates
NF-«B signaling cascades, initiating transcription of pro-inflam-
matory genes and establishing a self-perpetuating cycle of inflam-
mation and sleep disruption.

These multifaceted pathophysiological mechanisms—span-
ning neurotransmitter imbalance, circadian dysregulation, and
metabolic dysfunction—provide the neurobiological framework
for understanding how essential oils achieve therapeutic effects in
insomnia through complementary mechanisms that restore sleep-
wake homeostasis (Figure 2). Based on this pathophysiological
understanding, EOs demonstrate therapeutic efficacy through mul-
tiple complementary mechanisms.

3.2.1. GABAergic and serotonergic neurotransmission enhance-
ment

Enhancement of GABAergic neurotransmission represents a pri-
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mary mechanism through which EOs promote sleep initiation and
maintenance. Multiple studies demonstrate that essential oil ad-
ministration increases brain GABA concentrations and enhances
GABAergic receptor function in sleep-relevant neural circuits.
Lavender essential oil fractions significantly elevate hippocampal
GABA levels following inhalation exposure, with complementary
effects on sleep architecture—light fractions enriched in linalool
and trans-f-ocimene contributing preferentially to sleep mainte-
nance, while heavy fractions containing linalyl acetate, lavandulyl
acetate, and trans-caryophyllene demonstrating superior effects on
sleep onset (Xu et al., 2023a). Eucalyptus essential oil intervention
increases brain concentrations of GABA, glycine, and taurine—all
inhibitory neurotransmitters that reduce neuronal excitability and
promote sleep (Li et al., 2024b). This GABAergic enhancement
operates synergistically with serotonergic pathway modulation to
achieve comprehensive sleep regulation.

The serotonergic system plays a central role in essential oil-
mediated sleep promotion, with valerian essential oil exerting hyp-
notic effects primarily through the serotonergic synapse pathway.
In PCPA-induced insomnia rats, valerian essential oil significantly
prolonged sleep duration and alleviated anxiety-related behaviors
through mechanisms involving the active component caryophyl-
lene, which upregulates 5-HT1A receptor expression, enhancing
central serotonin activity and release (Wang et al., 2022b). Simi-
larly, beta-myrcene, identified as a primary sedative-hypnotic
component in lavender essential oil, operates through analogous
serotonergic mechanisms. In PCPA-induced insomnia mice, beta-
myrcene treatment enhanced the hypnotic effect of anobarbital so-
dium by prolonging sleep duration, decreasing sleep latency, and
increasing sleep onset rate, while reducing hypothalamic neuronal
damage and elevating neurotransmitter levels of GABA, 5-HT, and
glutamate in both serum and hypothalamus (Chen et al., 2024b).
Network pharmacology analysis confirmed that beta-myrcene up-
regulates genes and proteins in the serotonergic synaptic pathway,
supporting its potential as a clinical candidate for insomnia man-
agement. Comparative analysis of five EOs (Jasminum sambac,
Magnolia denudata, Rosa rugosa, Aloysia citriodora, and Abies
balsamea) in PCPA-induced insomnia mice revealed converging
mechanisms despite compositional diversity, with all EOs upregu-
lating 5-HT1A and GABAARal expression. These oils contained
terpenoid-rich compositions including a-farnesene (28.42%), lin-
alool (68.84%), and citronellol (23.78%), and promoted neuronal
preservation in multiple brain regions (Feng et al., 2024). Notably,
A. citriodora and A. balsamea essential oils exhibited pronounced
upregulation of 5-HT1A protein, while J. sambac and M. denu-
data showed distinct receptor modulation profiles, suggesting that
while serotonergic and GABAergic pathways represent common
therapeutic targets, individual EOs demonstrate receptor subtype
selectivity that may confer distinct clinical profiles.

3.2.2. Neuroprotective pathways and neurotransmitter homeo-
stasis

Beyond classical neurotransmitter modulation, EOs engage neu-
roprotective pathways critical for sleep regulation under patho-
logical conditions. Huoermai essential oil (HEO), a traditional
Tibetan therapy comprising Myristica fragrans and Carum carvi,
demonstrates efficacy in plateau insomnia through the cAMP/
CREB/BDNF/GABAergic pathway. In intermittent hypobaric hy-
poxia-induced plateau insomnia mice, HEO ameliorated neuronal
damage in cortex, hippocampus, thalamus, and hypothalamus
regions (Yang et al., 2025). ELISA analysis revealed that HEO
increased GABA and melatonin levels while reducing serotonin

and adenosine concentrations in brain tissue, indicating normali-
zation of sleep-wake regulatory neurotransmitters. This pathway
represents a critical neuroprotective mechanism wherein EOs
modulate neuronal survival, anti-apoptotic signaling, and synaptic
plasticity concurrently with sleep regulation, particularly relevant
in insomnia secondary to metabolic stress or hypoxic conditions.
The therapeutic effects extend to restoration of neurotransmitter
homeostasis disrupted in chronic insomnia states. Moringa seed
essential oil, rich in oleic acid, palmitoleic acid, stigmasterol, and
y-stigmasterol, demonstrates sedative-hypnotic effects through
neurotransmitter rebalancing in PCPA-induced insomnia rats.
Aromatherapy with Moringa seed essential oil at concentrations
of 10%, 5%, and 2.5% reduced locomotor activity, increased
exploratory interest, enhanced serum 5-HT levels, and elevated
hypothalamic GABA content without the motor impairment char-
acteristic of benzodiazepines, suggesting selective modulation
of arousal-related neurocircuitry rather than global CNS depres-
sion (Wei et al., 2024). This distinction is critical, as conventional
sedative-hypnotics achieve sleep promotion through non-selective
neuronal inhibition, whereas EOs appear to restore physiological
neurotransmitter balance conducive to natural sleep architecture.

3.2.3. Electrophysiological modulation and sleep architecture

EOs produce distinct electrophysiological signatures that further
differentiate their mechanisms from conventional hypnotics. Sin-
gle-blind studies in healthy subjects demonstrated that lavender
aromatherapy during sleep reduced alpha wave activity during
wake stages while increasing delta wave power during slow-wave
sleep (SWS) (Ko et al., 2021). Quantitative EEG analysis revealed
that lavender promoted SWS occurrence and reduced sleep inter-
ruptions, as evidenced by decreased alpha power across multiple
brain regions. This electrophysiological profile contrasts sharply
with benzodiazepines, which suppress delta activity and disrupt
normal sleep architecture, potentially impairing the restorative
functions of sleep. Participants exposed to lavender aromatherapy
reported improved subjective sleep quality and enhanced daytime
vigor, suggesting that the electrophysiological changes translate to
meaningful improvements in sleep-related functional outcomes.

3.2.4. Long-term efficacy and safety profile

In addition, one advantage of essential oil therapy lies in sustained
efficacy without tolerance development, addressing a fundamental
limitation of conventional sedative-hypnotics. Agarwood (Aqui-
laria species) essential oil demonstrates this property definitively
in comparative studies with diazepam. Different agarwood prepa-
rations (aqueous extracts, alcoholic extracts, and volatile oils)
significantly increased sleep rate, prolonged sleep duration, and
shortened sleep latency in pentobarbital synergy models (Wang
et al., 2016). Critically, following 1-2 weeks of administration to
insomnia mice, diazepam-treated groups exhibited diminished or
abolished hypnotic effects characteristic of benzodiazepine toler-
ance, whereas agarwood essential oil-treated groups maintained
consistent efficacy without significant drug resistance (Wang et al.,
2017). The active compounds benzylacetone, calarene, and jinkoh-
eremol possess significant CNS activity and constitute the material
basis for agarwood’s sedative-tranquilizing properties (Chen et al.,
2022). EOs demonstrate multi-targeted therapeutic mechanisms
for insomnia through modulation of neurotransmitter systems,
neuroprotection, and electrophysiological regulation, offering ad-
vantages over conventional sedative-hypnotics in safety profile
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and absence of tolerance development. These findings in psychiatric
and sleep disorders provide a foundation for investigating essential
oil applications in neurodegenerative diseases, where similar patho-
physiological mechanisms may be therapeutically targeted.

3.3. Neurodegenerative diseases

Neurodegenerative diseases encompass progressive neurological
disorders characterized by selective neuronal loss, protein aggre-
gation, synaptic dysfunction, and cognitive or motor impairment
(Wallach et al., 2021). AD, affecting over 50 million individuals
worldwide with projections estimating 152 million cases by 2050,
represents the most prevalent neurodegenerative disorder (Chang
etal., 2023; Yoon et al., 2024). Given its high prevalence, well-es-
tablished pathological features, and extensive preclinical evidence
base, AD may serve as the primary focus of essential oil research
in neurodegenerative conditions.

AD is characterized by progressive cognitive decline, memory
impairment, and behavioral disturbances accompanied by dis-
tinctive neuropathological hallmarks: extracellular Af peptide
accumulation forming senile plaques, intracellular neurofibril-
lary tangles composed of hyperphosphorylated tau protein, and
progressive neuronal loss particularly affecting the hippocampus
and cortical regions critical for memory and executive function
(Srimaharaj, 2026). Aberrant processing of amyloid precursor
protein generates neurotoxic AP peptides that oligomerize and ag-
gregate, disrupting neuronal function and triggering inflammatory
responses (Reda et al., 2024). Concurrently, hyperphosphorylated
tau protein dissociates from microtubules and forms neurofibril-
lary tangles, destabilizing the neuronal cytoskeleton and impair-
ing axonal transport, ultimately leading to neuronal degeneration
(Yook et al., 2024).

The cholinergic hypothesis postulates that dementia correlates
with diminished acetylcholine (ACh) concentrations and de-
generation of cholinergic neurons in the brain (Hu et al., 2024).
Acetylcholinesterase (AChE), the enzyme responsible for ACh
hydrolysis at synaptic clefts, represents an important therapeutic
target (Liu et al., 2022). Current first-line pharmacological inter-
ventions—AChE inhibitors including donepezil, rivastigmine, and
galantamine—are able to stabilize or slow decline in cognition,
function, and behavior by enhancing cholinergic neurotransmis-
sion, but demonstrate only modest benefits without halting disease
progression and are associated with adverse effects, particularly
gastrointestinal disturbances (Hansen et al., 2008).

Beyond cholinergic deficits and protein pathology, AD patho-
genesis involves multiple convergent mechanisms. Oxidative
stress, characterized by elevated reactive oxygen species (ROS)
production, increased lipid peroxidation, and protein oxidation,
renders neurons particularly vulnerable given the brain’s high met-
abolic rate and limited antioxidant defenses (Aratjo-Rodrigues et
al., 2025). Neuroinflammation, mediated by activated microglia
and reactive astrocytes, releases pro-inflammatory cytokines in-
cluding TNF-a, IL-1B, and IL-6 that impair synaptic function and
promote pathological protein aggregation (Fazal et al., 2026). Mi-
tochondrial dysfunction, particularly impaired electron transport
chain function, reduces ATP production while increasing ROS
generation, further exacerbating oxidative damage (Shekarian et
al., 2023). Additionally, reduced expression of brain-derived neu-
rotrophic factor (BDNF) compromises neuronal survival and syn-
aptic plasticity, with BDNF depletion correlating with cognitive
decline in affected brain regions (Tang et al., 2026).

Current pharmacological approaches targeting single pathways
have demonstrated limited disease-modifying effects. The recent

failures of numerous candidates, including antibody therapies
that successfully reduce amyloid burden without commensurate
cognitive benefits, have necessitated exploration of alternative
therapeutic strategies. The multifactorial pathogenesis of AD sug-
gests that multi-targeted therapeutic approaches may prove more
effective than single-target interventions. EOs, with their complex
phytochemical compositions conferring simultaneous antioxidant,
anti-inflammatory, anticholinesterase, anti-aggregation, and neu-
roprotective properties, represent promising candidates for com-
plementary or adjunctive therapy (Figure 3). The preponderance
of preclinical evidence focuses on AD given its prevalence and the
availability of well-validated experimental models, though emerg-
ing data suggest potential efficacy in other neurodegenerative
conditions including Parkinson’s disease sharing common patho-
genic mechanisms. These pathophysiological insights establish the
foundation for understanding how essential oils engage multiple
therapeutic targets simultanecously to potentially modify neurode-
generative disease progression.

3.3.1. Cholinergic enhancement and monoamine modulation

Acetylcholinesterase inhibition represents a well-established
mechanism through which EOs enhance cholinergic neurotrans-
mission and potentially ameliorate cognitive symptoms in AD.
Lavender essential oils displayed anticholinesterase activity
against both AChE and butyrylcholinesterase (BChE), along with
antioxidant properties characterized by free radical scavenging
activity against DPPH, ABTS, and hydrogen peroxide (Hancianu
et al., 2013). Cistus species essential oil also demonstrated anti-
oxidant and cholinesterase inhibitory activities relevant to AD
prevention and treatment. Comprehensive phytochemical charac-
terization identified diverse terpene compositions including epi-
13-manoyl oxide, kaur-16-ene, and (E)-o-ionone as prominent
constituents, with compositional variations among different Cistus
species (C. creticus, C. salvifolius, C. libanotis, C. monspeliensis,
C. villosus). The EOs exhibited significant free radical scavenging
activities in multiple complementary assays (DPPH, ABTS, hy-
drogen peroxide) and demonstrated significant AChE and BChE
inhibitory activities, suggesting potential to enhance cholinergic
neurotransmission while simultaneously providing antioxidant
neuroprotection (Loizzo et al., 2013). Cinnamomum zeylanicum
essential oil, containing cinnamaldehyde (81.39%) and cinnamyl
acetate (4.20%) as primary constituents, demonstrated compre-
hensive multi-targeted activities. /n vitro cholinesterase inhibition
assays revealed potent AChE and BChE inhibitory effects exceed-
ing 99.0%, with specific inhibitory activities of 278.72 ng gallic
acid equivalents/g samples for AChE and 330.72 pg gallic acid
equivalents/g samples for BChE. Systematic evaluation of differ-
ent cinnamaldehyde to cinnamyl acetate ratios revealed synergistic
interactions, with specific combinations producing enhanced cho-
linesterase inhibition exceeding the additive effects of individual
components. Importantly, the essential oil demonstrated monoam-
ine oxidase-A (MAO-A) and monoamine oxidase-B (MAO-B) in-
hibition exceeding 96%, suggesting potential mood-enhancing and
neuroprotective effects through preservation of neurotransmitters
including serotonin, dopamine, and norepinephrine (Sihoglu Tepe
and Ozaslan, 2020).

Beyond the extensively characterized EOs, additional botani-
cals demonstrate cholinergic modulatory properties relevant to AD
therapeutics. EOs from Rosmarinus officinalis exhibit AChE regu-
latory activity alongside its capacity to mitigate oxidative damage,
with bioactive constituents including 1,8-cineole, camphor, and
o-pinene contributing to enhanced neurotransmission and main-
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Figure 3. The effects of EOs on neurodegenerative diseases.

tenance of synaptic plasticity (Habtemariam, 2016; Ghasemzadeh
Rahbardar and Hosseinzadeh, 2020). Similarly, Melissa officinalis
essential oil, characterized by high citral content, ameliorates cog-
nitive deficits through dual mechanisms involving AChE inhibi-
tion and antioxidant-mediated cellular protection (Kiani, 2016).
These botanicals expand the therapeutic repertoire of EOs with
documented cholinergic enhancement capabilities, reinforcing the
concept that diverse phytochemical compositions can converge
on common therapeutic targets while potentially offering distinct
pharmacological profiles.

3.3.2. Anti-amyloid and anti-tau mechanisms

Beyond enhancing neurotransmission, EOs demonstrate capacity
to interfere with pathological protein aggregation, addressing core
neuropathological features of AD. Cinnamomum zeylanicum es-
sential oil and its constituents inhibited AB1-42 aggregation in vit-
ro, with specific component ratios demonstrating amplified anti-
aggregation effects indicative of synergistic mechanisms (Sihoglu
Tepe and Ozaslan, 2020). Thymus vulgaris essential oil, rich in the
phenolic monoterpenes thymol and carvacrol, demonstrates mul-
tifaceted neuroprotective actions encompassing anti-aggregation
properties (Asadbegi (Hamedi) et al., 2023). Zataria multiflora
boiss essential oil, a traditional Persian medicinal plant contain-
ing thymol, linalool, carvacrol, and flavonoids as principal bioac-
tive compounds, demonstrated efficacy in ameliorating cognitive
deficits in AB1-42-induced AD rat models (Majlessi et al., 2012).
Acorus tatarinowii Schott essential oil, containing o-asarone,
[-asarone, and y-asarone as principal constituents, demonstrated
efficacy in attenuating neuroinflammation through NLRP3 in-
flammasome inhibition in 3xTg-AD transgenic mice (a model
recapitulating both amyloid and tau pathology). Mechanistically,

A. tatarinowii essential oil suppressed NLRP3 inflammasome ac-
tivation, consequently reducing production and secretion of IL-1f3,
IL-6, and TNF-a in hippocampus. Critically, the essential oil sig-
nificantly mitigated tau protein hyperphosphorylation at multiple
epitopes, with reduced phosphorylated tau levels in cortex and
hippocampus. These effects operated through inhibition of NF-xB
signaling pathway, with reduced nuclear translocation of NF-xB
p65 subunit (Xu et al., 2023b).

In addition, several additional EOs demonstrate capacity to in-
terfere with pathological protein processes central to AD patho-
genesis. Origanum vulgare essential oil, characterized by elevated
concentrations of the phenolic monoterpenes carvacrol and thy-
mol, exhibits pronounced anti-amyloid activity by preventing A
peptide oligomerization and subsequent fibril formation (Giirbiiz
et al., 2019). Complementing these anti-amyloid effects, Syzyg-
ium aromaticum essential oil, dominated by the phenylpropanoid
eugenol alongside sesquiterpene B-caryophyllene, demonstrates
inhibition of advanced glycation end product (AGE) formation
(Suantawee et al., 2015). By preventing AGE formation, clove
essential oil may address a parallel protein modification pathway
that intersects with and potentially exacerbates classical amyloid
and tau pathologies.

3.3.3. Antioxidant defense and anti-inflammatory mechanisms

EOs enhance endogenous antioxidant defenses while simultane-
ously reducing oxidative damage markers, addressing oxidative
stress pathology central to AD progression. Tetraclinis articulata
essential oil, composed predominantly of o-pinene, camphor,
L-bornyl acetate, and limonene, demonstrated significant neuro-
protective effects in AB1-42-induced AD rat models. Biochemi-
cal analysis demonstrated enhanced activities of superoxide dis-
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mutase (SOD), catalase (CAT), and glutathione peroxidase (GPX)
in hippocampus, while simultaneously reducing protein carbonyl
and malondialdehyde levels, markers of protein oxidation and
lipid peroxidation respectively. The essential oil also modulated
hippocampal AChE activity, suggesting restoration of cholinergic
neurotransmission (Sadiki et al., 2019).

Boswellia carterii essential oil, obtained from tree resin and
containing the monoterpene o-pinene, monoterpene limonene,
and sesquiterpene [-caryophyllene, attenuates neuroinflamma-
tion while promoting neuronal viability (Burns et al., 2007; Al-
Yasiry and Kiczorowska, 2016; Hussain et al., 2022). Zingiber of-
ficinale essential oil, characterized by sesquiterpene constituents
a-zingiberene and B-sesquiphellandrene, counters oxidative stress
alongside anti-inflammatory effects that moderate glial activation
(Feng et al., 2011; Mathew and Subramanian, 2014). Eucalyptus
globulus essential oil, containing predominantly the oxygenated
monoterpene 1,8-cineole with minor contributions from o-pinene
and limonene, exhibits similar capacity to enhance endogenous an-
tioxidant defenses while reducing oxidative damage markers, with
the mechanistic effects potentially involving both direct radical
scavenging and transcriptional upregulation of antioxidant enzyme
genes (Harkat-Madouri et al., 2015; Bey-Ould Si Said et al., 2016;
Assaggaf et al., 2022).

3.3.4. Neurotrophic factor modulation and receptor-mediated
neuroprotection

Neurotrophic factor modulation represents a critical neuroprotec-
tive mechanism engaged by EOs that addresses neuronal survival
and synaptic dysfunction underlying cognitive decline in AD.
Pogostemon cablin essential oil, characterized by the sesquit-
erpene alcohol patchoulol (32-40%) along with sesquiterpenes
o-bulnesene (12-20%) and a-guaiene (5-9%), enhances BDNF
expression in brain regions affected by neurodegenerative pro-
cesses (Pandey et al., 2021; He et al., 2023). Similarly, Cymbopo-
gon citratus essential oil, dominated by the acyclic monoterpene
aldehyde citral (65-85%), similarly enhances BDNF expression to
support neuronal resilience and synaptic function (Majewska et al.,
2019; Brimson et al., 2021).

Beyond neurotrophic factor modulation, essential oils engage
specific receptor systems that regulate neuronal excitability and
inflammatory responses. GABAergic receptor modulation repre-
sents a mechanism recurrently observed across multiple EOs de-
spite distinct phytochemical compositions. Lavender (Lavandula
angustifolia) essential oil demonstrated neuroprotective effects in
scopolamine-induced dementia rat models through combined an-
tioxidant and antiapoptotic mechanisms. The primary constituents
linalool (20-35%) and linalyl acetate (30-55%) confer cognitive-
enhancing properties through GABAergic modulation, reducing
neuronal excitability and potentially preventing excitotoxicity
(Prashar et al., 2004; Hancianu et al., 2013). Similarly, Melissa
officinalis essential oil, rich in citral (35—45%), and Salvia sclarea
essential oil, containing linalool (20-36%) and linalyl acetate (16—
36%), demonstrate GABAergic modulatory properties through
their predominant monoterpene constituents (Sharafzadeh et al.,
2011; Swiader et al., 2019; Doukani et al., 2021). Commiphora
myrrha essential oil exerts GABAergic effects through the sesquit-
erpene lindestrene, indicating that both monoterpene and sesquit-
erpene structural classes can effectively engage GABA receptor
systems (Alsuwayt and Chidrawar, 2021).

Cannabinoid receptor type 2 (CB2) activation represents an
additional receptor-mediated neuroprotective mechanism distinct
from classical neurotransmitter systems. Essential oils containing

the sesquiterpene PB-caryophyllene, including Boswellia carterii
and Syzygium aromaticum, activate CB2 receptors (Gaara et al.,
2007; Al-Yasiry and Kiczorowska, 2016). B-Caryophyllene func-
tions as a selective CB2 agonist, activating this receptor without
engaging CB1 receptors responsible for psychoactive effects,
thereby providing targeted immunomodulatory effects relevant to
neuroinflammation (Aly et al., 2019). CB2 receptor activation on
microglia suppresses pro-inflammatory phenotype polarization,
reducing production of inflammatory mediators including TNF-a.,
IL-1B, and reactive oxygen species while promoting anti-inflam-
matory cytokine release (Grabon et al., 2024). This receptor-me-
diated anti-inflammatory mechanism operates independently of
and complementarily to NF-kB pathway inhibition and NLRP3
inflammasome suppression demonstrated by other essential oil
constituents.

Therefore, anti-AD efficacy appears achievable through
markedly different phytochemical compositions, ranging from
monoterpene-dominated oils (Eucalyptus globulus: 70-85%
1,8-cineole; Cymbopogon citratus: 65-85% citral) to sesquiter-
pene-rich formulations (Pogostemon cablin: 32-40% patchoulol;
Zingiber officinale: 30-40% oa-zingiberene) to phenylpropanoid-
based oils (Syzygium aromaticum: 70-85% eugenol), suggesting
chemical diversity may be leveraged for personalized therapeutic
approaches based on individual patient tolerability profiles or dis-
ease subtypes.

4. Conclusions and future perspectives

This comprehensive review demonstrates that EOs represent a
promising class of multi-targeted therapeutic agents for neurologi-
cal and psychiatric disorders, operating through convergent mecha-
nisms that address the multifactorial pathogenesis underlying these
conditions. Across psychiatric disorders, sleep disturbances, and
neurodegenerative diseases, EOs consistently modulate critical
pathophysiological processes including neurotransmitter system
dysregulation, HPA axis hyperactivity, oxidative stress, neuroin-
flammation, protein aggregation, and neurotrophic factor deple-
tion. The chemical diversity of essential oil constituents—span-
ning monoterpenes (linalool, a-pinene, limonene, 1,8-cineole),
sesquiterpenes (fB-caryophyllene, patchoulol), phenylpropanoids
(cinnamaldehyde, eugenol), and their oxygenated derivatives—
enables engagement of multiple molecular targets through distinct
yet complementary mechanisms. Notably, individual EOs demon-
strate synergistic interactions wherein specific constituent ratios
produce effects exceeding the sum of individual components,
supporting the therapeutic rationale for whole oil formulations
over isolated compounds. The favorable safety profiles observed
in studies, characterized by high therapeutic indices and minimal
adverse effects at efficacious doses, position EOs as viable can-
didates for long-term preventive interventions in at-risk popula-
tions or as complementary therapies augmenting conventional
pharmacological treatments. The capacity of EOs to simultane-
ously address multiple pathogenic processes through diverse yet
convergent mechanisms represents a paradigm shift from single-
target pharmaceutical approaches toward multi-targeted, systems-
level interventions more appropriately matched to the complex,
multifactorial nature of neurological and psychiatric disorders.
As scientific understanding of essential oil pharmacology deepens
and clinical evidence accumulates, these natural compounds hold
substantial promise for expanding the therapeutic armamentarium
against neurological diseases.

Despite the considerable promise demonstrated by EOs in neu-
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rological applications, several important limitations of current re-
search warrant careful consideration. First, the majority of mecha-
nistic studies have been conducted in vitro or in animal models,
with a notable paucity of large-scale, randomized controlled clini-
cal trials in human populations. The extrapolation of findings from
rodent models to human neurological disorders remains challeng-
ing due to inherent species differences in blood-brain barrier per-
meability, metabolic pathways, and receptor expression patterns.
Second, substantial variability exists in EOs chemical composition
depending on plant species, geographical origin, cultivation con-
ditions, extraction methods, and storage conditions, which com-
plicates standardization efforts and reproducibility across studies.
The lack of standardized analytical protocols for compositional
characterization and quality control represents a significant bar-
rier to clinical translation. Third, the pharmacokinetic properties
of EOs remain inadequately characterized in humans, particularly
regarding central nervous system penetration, regional brain dis-
tribution, and the identification of active metabolites. Fourth, opti-
mal dosing regimens, administration routes (inhalation versus oral
versus transdermal), treatment durations, and potential long-term
safety concerns require systematic investigation through clinical
studies. The potential for drug-essential oil interactions, particu-
larly in polypharmacy scenarios common among elderly popula-
tions with neurodegenerative diseases, necessitates comprehensive
assessment.

In conclusion, despite the identified limitations of current re-
search, EOs demonstrate substantial therapeutic potential for neu-
rological and psychiatric disorders through their multi-targeted
mechanisms and favorable safety profiles. The convergence of
diverse phytochemical compositions on common therapeutic tar-
gets—including neurotransmitter systems, neuroendocrine path-
ways, and neuroprotective mechanisms—supports their investi-
gation as complementary therapeutic strategies. Future research
priorities must focus on rigorous clinical trials with standardized
preparations, comprehensive pharmacokinetic characterization,
and advanced mechanistic studies to fully realize the clinical po-
tential of these natural compounds. As the field advances through
these concerted efforts, EOs hold promise for expanding treatment
options and improving patient outcomes in neurological medicine.

Funding

This work was supported by National Natural Science Foundation
of China (81771152), Guangdong-Macao Science and Technol-
ogy Innovation Joint Research Special Fund (2023A0505020013,
2025A0505010005), and Macau Science and Technology Devel-
opment Fund (0104/2024/AGJ), and Guangdong Provincial Ob-
servation and Research Station for Coupled Human and Natural
Systems in Land-ocean Interaction Zone (2024B1212040003).

Conflict of interest

The authors declare no conflict of interest.

References

Aelenei, P,, Rimbu, C.M., Guguianu, E., Dimitriu, G., Aprotosoaie, A.C., Bre-
bu, M., Horhogea, C.E., and Miron, A. (2019). Coriander essential oil
and linalool - interactions with antibiotics against Gram-positive and
Gram-negative bacteria. Lett. Appl. Microbiol. 68: 156-164.

Alsuwayt, B., and Chidrawar, V. (2021). Antiepileptic activity of Essential
Qil isolated from Commiphora Myrrha resin and its effect on brain
GABA level. Ann. Clin. Anal. Med. 12: 177-182.

Aly, E., Khajah, M.A., and Masocha, W. (2019). B-Caryophyllene, a CB2-
Receptor-Selective Phytocannabinoid, Suppresses Mechanical Allo-
dynia in a Mouse Model of Antiretroviral-Induced Neuropathic Pain.
Molecules (Basel, Switzerland) 25: 106.

Al-Yasiry, A.R.M., and Kiczorowska, B. (2016). Frankincense--therapeutic
properties. Postepy Hig. Med. Dosw. (Online) 70: 380-391.

Anandakumar, P., Kamaraj, S., and Vanitha, M.K. (2021). D-limonene: A
multifunctional compound with potent therapeutic effects. J. Food
Biochem. 45: e13566.

Aratjo-Rodrigues, H., Garzdn-Garcia, L., Salsinha, A.S., Relvas, J.B., Tavaria,
F.K., Santos-Buelga, C., Gonzalez-Paramds, A.M., and Pintado, M.E.
(2025). Neuroprotective Effects of Mushroom Biomass Digestive
Fractions and Gut Microbiota Metabolites in Microglial and Caeno-
rhabditis elegans Models of Neurodegeneration. Nutrients 17: 3867.

Asadbegi (Hamedi), M., Komaki, A., Amiri, P., Karimi, S.A., Yaghmaei, P.,
Ebrahim-Habibi, A., and Salehi, I. (2023). Learning and Memory Im-
pairment Induced by Amyloid Beta Peptide and Effects of Thymol
on Hippocampal Synaptic Plasticity in Rats Fed a High-Fat Diet That
Received Amyloid Beta. Hippocampus - More than Just Memory. In-
techOpen, London, .

Assaggaf, H.M., Mrabti, H.N., Rajab, B.S., Attar, A.A., Hamed, M., Sheikh,
R.A., Omari, N.E., Menyiy, N.E., Belmehdi, O., Mahmud, S., Alshah-
rani, M.M., Park, M.N., Kim, B., Zengin, G., Bouyahya, A., Assaggaf,
H.M., Mrabti, H.N., Rajab, B.S., Attar, A.A., Hamed, M., Sheikh, R.A.,
Omari, N.E., Menyiy, N.E., Belmehdi, O., Mahmud, S., Alshahrani,
M.M., Park, M.N., Kim, B., Zengin, G., and Bouyahya, A. (2022). Sin-
gular and Combined Effects of Essential Oil and Honey of Eucalyptus
Globulus on Anti-Inflammatory, Antioxidant, Dermatoprotective, and
Antimicrobial Properties: In Vitro and In Vivo Findings. Molecules
27(16): 5121.

Bahrami, T., Yaghmaei, P., and Yousofvand, N. (2023). The effects of Ibu-
profen and 1, 8- cineol on anxiety and spatial memory in hyperam-
monemic rats. Metab. Brain Dis. 38: 613-620.

Barbalace, M.C., Freschi, M., Rinaldi, I., Mazzara, E., Maraldi, T., Malaguti,
M., Prata, C., Maggi, F., Petrelli, R., Hrelia, S., and Angeloni, C. (2023).
Identification of Anti-Neuroinflammatory Bioactive Compounds in
Essential Oils and Aqueous Distillation Residues Obtained from Com-
mercial Varieties of Cannabis sativa L. Int. J. Mol. Sci. 24(23): 16601.

Barceld, .M., Jordana-Lluch, E., Escobar-Salom, M., Sansé-Sastre, J., Coll-
Matas, M.A., Estévez, M.A., Gonzélez-Alsina, A., Tomas, A., Tortosa,
M., Torrens, G., Alberti, S., Oliver, A., and Juan, C. (2026). Analyzing
the effects of benzodiazepines on the virulence and biofilm forma-
tion of Pseudomonas aeruginosa. Sci. Rep. 16: 2923.

Bechen, L.L., Johnson, M.G., Broadhead, G.T., Levin, R.A., Overson, R.P,,
Jogesh, T., Fant, J.B., Raguso, R.A., Skogen, K.A., and Wickett, N.J.
(2022). Differential gene expression associated with a floral scent
polymorphism in the evening primrose Oenothera harringtonii (Ona-
graceae). BMC Genomics 23: 124.

Beuckmann, CT.,, Ueno, T., Nakagawa, M., Suzuki, M., and Akasofu, S.
(2019). Preclinical in vivo characterization of lemborexant (E2006),
a novel dual orexin receptor antagonist for sleep/wake regulation.
Sleep 42: zs2076.

Beurel, E., Toups, M., and Nemeroff, C.B. (2020). The Bidirectional Rela-
tionship of Depression and Inflammation: Double Trouble. Neuron
107: 234-256.

Bey-Ould Si Said, Z., Haddadi-Guemghar, H., Boulekbache-Makhlouf, L.,
Rigou, P., Remini, H., Adjaoud, A., Khoudja, N.K., and Madani, K.
(2016). Essential oils composition, antibacterial and antioxidant ac-
tivities of hydrodistillated extract of Eucalyptus globulus fruits. Ind.
Crops Prod. 89: 167-175.

Bosnjak Kuharic, D., Kekin, I., Hew, J., Rojnic Kuzman, M., and Puljak, L.
(2019). Interventions for prodromal stage of psychosis. Cochrane Da-
tabase Syst. Rev. 2019: CD012236.

Brimson, J.M., Prasanth, M.l., Malar, D.S., Sharika, R., Sivamaruthi, B.S.,
Kesika, P., Chaiyasut, C., Tencomnao, T., Prasansuklab, A., Brimson,
J.M., Prasanth, M.l., Malar, D.S., Sharika, R., Sivamaruthi, B.S., Kesika,
P., Chaiyasut, C., Tencomnao, T., and Prasansuklab, A. (2021). Role
of Herbal Teas in Regulating Cellular Homeostasis and Autophagy

26 Journal of Food Bioactives | www.isnff-jfb.com



Ni et al.

Aromatic plant-derived essential oils

and Their Implications in Regulating Overall Health. Nutrients 13(7):
2162.

Brinza, I., Boiangiu, R.S., Bagci, E., Todirascu-Ciornea, E., Hritcu, L., and
Dumitru, G. (2025). Melissa officinalis essential oil modulates oxi-
dative balance, cholinergic activity, and cognitive performance in a
scopolamine-induced zebrafish model: implications for neuroprotec-
tive strategies in cognitive disorders. Sci. Rep. 15: 38171.

Burns, E., Zobbi, V., Panzeri, D., Oskrochi, R., and Regalia, A. (2007). Aro-
matherapy in childbirth: a pilot randomised controlled trial. Rand-
omized Controlled Trial 114: 838-844.

Cabafiero, D., Carter, E.P., Gonzalez-Cano, R., Cobos, E.J.,, Fernandez-
Carvajal, A., and Ferrer-Montiel, A. (2025). Cold receptor TRPM8 as
a target for migraine-associated pain and affective comorbidities. J.
Headache Pain 26: 146.

Castillo-Vazquez, S.K., Palacios-Gonzdlez, B., Vela-Amieva, M., Ibarra-
Gonzélez, I., Morales, R., Garcia-delaTorre, P., Sanchez-Garcia, S.,
Garcia-Pefia, C., Reyes-Chilpa, R., Medina-Campos, R.H., Hernandez-
Pineda, J., Gomez-Verjan, J.C., Rivero-Segura, N.A., Castillo-Vazquez,
S.K., Palacios-Gonzalez, B., Vela-Amieva, M., Ibarra-Gonzdlez, |.,
Morales, R., Garcia-delaTorre, P., Sdnchez-Garcia, S., Garcia-Pefia,
C., Reyes-Chilpa, R., Medina-Campos, R.H., Hernandez-Pineda, J.,
Gomez-Verjan, J.C., and Rivero-Segura, N.A. (2025). Insomnia, Cogni-
tive Impairment, or a Combination of Both, Alter Lipid Metabolism
Due to Changes in Acylcarnitine Concentration in Older Persons. Me-
tabolites 15(6): 417.

Chamine, I., and Oken, B.S. (2016). Aroma Effects on Physiologic and Cog-
nitive Function Following Acute Stress: A Mechanism Investigation. J.
Altern. Complementary Med. 22: 713-721.

Chang, J., Li, Y., Shan, X., Chen, X., Yan, X,, Liu, J., and Zhao, L. (2023). Neu-
ral stem cells promote neuroplasticity: a promising therapeutic strat-
egy for the treatment of Alzheimer’s disease. Neural Regener. Res.
19: 619-628.

Chen, D., Lou, Q., Song, X.-J., Kang, F., Liu, A., Zheng, C., Li, Y., Wang, D.,
Qun, S., Zhang, Z., Cao, P,, and Jin, Y. (2024a). Microglia govern the
extinction of acute stress-induced anxiety-like behaviors in male
mice. Nat. Commun. 15: 449.

Chen, L., Liu, Y., Xu, D., Zhang, N., Chen, Y., Yang, J., and Sun, L. (2024b).
Beta-Myrcene as a Sedative-Hypnotic Component from Lavender
Essential Qil in DL-4-Chlorophenylalanine-Induced-Insomnia Mice.
Pharmaceuticals (Basel, Switzerland) 17: 1161.

Chen, X., Wang, C., He, Q., Feng, J., Chen, D., Wei, J., and Liu, Y. (2022).
Chemical Composition and Potential Properties in Mental Iliness
(Anxiety, Depression and Insomnia) of Agarwood Essential Oil: A Re-
view. Molecules 27: 4528.

Cheng, B.-H., Sheen, LY., and Chang, S.-T. (2015). Evaluation of anxio-
lytic potency of essential oil and S-(+)-linalool from Cinnamomum
osmophloeum ct. linalool leaves in mice. J. Tradit. Complementary
Med. 5: 27-34.

Chioca, L.R., Ferro, M.M., Baretta, I.P,, Oliveira, S.M., Silva, C.R., Ferreira, J.,
Losso, E.M., and Andreatini, R. (2013). Anxiolytic-like effect of laven-
der essential oil inhalation in mice: Participation of serotonergic but
not GABAA/benzodiazepine neurotransmission. J. Ethnopharmacol.
147:412-418.

Colmers, P.L.W., and Bains, J.S. (2018). Balancing tonic and phasic inhibi-
tion in hypothalamic corticotropin-releasing hormone neurons. J.
Physiol. 596: 1919-1929.

Cortes-Torres, A.G., Lépez-Castillo, G.N., Marin-Torres, J.L., Portillo-Reyes,
R., Luna, F.,, Baca, B.E., Sandoval-Ramirez, J., and Carrasco-Carballo,
A. (2023). Cymbopogon citratus Essential Oil: Extraction, GC-MS,
Phytochemical Analysis, Antioxidant Activity, and In Silico Molecular
Docking for Protein Targets Related to CNS. Curr. Issues Mol. Biol. 45:
5164-5179.

da Costa, J.S., Andrade, W.M.S., Figueiredo, R.O. de, Santos, PV.L., Freitas,
J.J. da S., Setzer, W.N., Silva, J.K.R. da, Maia, J.G.S., and Figueiredo,
P.L.B. (2022). Chemical Composition and Variability of the Volatile
Components of Myrciaria Species Growing in the Amazon Region.
Molecules 27: 2234,

de Moraes Pultrini, A., Almeida Galindo, L., and Costa, M. (2006). Effects
of the essential oil from Citrus aurantium L. in experimental anxiety
models in mice. Life Sci. 78: 1720-1725.

Deng, X.-Y., Xue, J.-S., Li, H-Y., Ma, Z-Q., Fu, Q., Qu, R., and Ma, S.-P. (2015).

Geraniol produces antidepressant-like effects in a chronic unpredict-
able mild stress mice model. Physiol. Behav. 152: 264-271.

Di Giovanni, G., Esposito, E., and Di Matteo, V. (2010). Role of serotonin
in central dopamine dysfunction. CNS Neurosci. Ther. 16: 179-194.

Doukani, K., Selles, A.S.M., and Bouhenni, H. (2021). Melissa officinalis
(lemon balm). Naturally Occurring Chemicals Against Alzheimer’s
Disease. Academic Press.

Early, J.0., Menon, D., Wyse, C.A., Cervantes-Silva, M.P., Zaslona, Z., Car-
roll, R.G., Palsson-McDermott, E.M., Angiari, S., Ryan, D.G., Corcoran,
S.E., Timmons, G., Geiger, S.S., Fitzpatrick, D.J., O’Connell, D., Xavier,
R.J., Hokamp, K., O’Neill, L.A.J., and Curtis, A.M. (2018). Circadian
clock protein BMAL1 regulates IL-1f in macrophages via NRF2. Proc.
Natl. Acad. Sci. 115: E8460-E8468.

El-Tokhy, F.S., Abdel-Mottaleb, M.M.A., Abdel Mageed, S.S., Mahmoud,
A.M.A., El-Ghany, E.A., and Geneidi, A.S. (2023). Boosting the In Vivo
Transdermal Bioavailability of Asenapine Maleate Using Novel Laven-
der Oil-Based Lipid Nanocapsules for Management of Schizophrenia.
Pharmaceutics 15: 490.

Eriksson, J.W., Emad, R.A., Lundqvist, M.H., Abrahamsson, N., and Kjells-
son, M.C. (2023). Altered glucose-dependent secretion of glucagon
and ACTH is associated with insulin resistance, assessed by popula-
tion analysis. Endocr. Connect. 12: e220506.

Fang, L., Ren, H., Mao, X., Zhang, S., Cai, Y., Xu, S., Zhang, Y., Li, L., Ye, X.,
and Liang, B. (2022). Differential Amperometric Microneedle Biosen-
sor for Wearable Levodopa Monitoring of Parkinson’s Disease. Bio-
sensors 12: 102.

Fang, Y., Shi, B, Liu, X., Luo, J., Rao, Z., Liu, R., and Zeng, N. (2020). Xiaoyao
Pills Attenuate Inflammation and Nerve Injury Induced by Lipopoly-
saccharide in Hippocampal Neurons In Vitro. Neural Plast. 2020:
8841332.

Fazal, F, Dar, N.J., Ahamad, S., Khan, S., Bano, N., Saha, S., Nazir, A., and
Bhat, S.A. (2026). cGAS-STING signaling in Alzheimer’s disease: Mi-
croglial mechanisms and therapeutic opportunities. Mol. Aspects
Med. 107: 101444.

Feng, P., Chen, J., Chen, X., Tang, M., Song, N., Zhang, L., and He, T. (2024).
Comparing Effects of Aromatherapy with Five Herbs Essential Qils on
PCPA-induced Insomnia Mice. J. Microbiol. Biotechnol. 35: €2409021.

Feng, T, Su, J., Ding, Z-H., Zheng, Y-T,, Li, Y., Leng, Y., and Liu, J.-K. (2011).
Chemical constituents and their bioactivities of “Tongling White Gin-
ger” (Zingiber officinale). J. Agric. Food Chem. 59: 11690-11695.

Forouzanfar, F., Pourbagher-Shahri, A.M., and Ghazavi, H. (2022). Evalu-
ation of Antiarthritic and Antinociceptive Effects of Cedrol in a Rat
Model of Arthritis. Oxid. Med. Cell. Longevity 2022: 4943965.

Gaara, A., El-Ghorab, A., Farrag, A.R., Shen, H., Huqg, E., and Mabry, T.
(2007). Chemical constituents of clove (Syzygium aromaticum, Fam.
Myrtaceae) and their antioxidant activity. Latinoam. Quim. 35: 47.

Ganesan, A., Kumar, G., Gauthaman, J., Lakshmi, K.C., and Kumbalaparam-
bil, Y.A. (2024). Exploring the Relationship between Psychoneuroim-
munology and Oral Diseases: A Comprehensive Review and Analysis.
J. Lifestyle Med. 14: 13-19.

Germain, A., Markwald, R.R., King, E., Bramoweth, A.D., Wolfson, M.,
Seda, G., Han, T., Miggantz, E., O’Reilly, B., Hungerford, L., Sitzer, T.,
Mysliwiec, V., Hout, J.J., and Wallace, M.L. (2021). Enhancing behav-
joral sleep care with digital technology: study protocol for a hybrid
type 3 implementation-effectiveness randomized trial. Trials 22: 46.

Ghasemzadeh Rahbardar, M., and Hosseinzadeh, H. (2020). Therapeutic
effects of rosemary (Rosmarinus officinalis L.) and its active con-
stituents on nervous system disorders. Iran. J. Basic Med. Sci. 23:
1100-1112.

Gonzalez-Mas, M.C., Rambla, J.L., Lépez-Gresa, M.P., Blazquez, M.A., and
Granell, A. (2019). Volatile Compounds in Citrus Essential Oils: A
Comprehensive Review. Front. Plant Sci. 10: 12.

Grabon, W.,, Ruiz, A., Gasmi, N., Degletagne, C., Georges, B., Belmegue-
nai, A., Bodennec, J., Rheims, S., Marcy, G., and Bezin, L. (2024). CB2
expression in mouse brain: from mapping to regulation in microglia
under inflammatory conditions. J. Neuroinflammation 21: 206.

Guo, X., Gao, X., Keenan, B.T.,, Zhu, J., Sarantopoulou, D., Lian, J., Galante,
R.J., Grant, G.R., and Pack, A.l. (2020). RNA-seq analysis of galaniner-
gic neurons from ventrolateral preoptic nucleus identifies expression
changes between sleep and wake. BMC Genomics 21: 633.

Gurbiz, P., Martinez, A., Pérez, C., Martinez-Gonzalez, L., Goger, F., and Ay-

Journal of Food Bioactives | www.isnff-jfb.com 27



Aromatic plant-derived essential oils

Ni et al.

ran, i. (2019). Potential anti-Alzheimer effects of selected Lamiaceae
plants through polypharmacology on glycogen synthase kinase-36,
B-secretase, and casein kinase 18. Ind. Crops Prod. 138: 111431.

Guzman-Gutiérrez, S.L., Bonilla-Jaime, H., Gdmez-Cansino, R., and Reyes-
Chilpa, R. (2015). Linalool and B-pinene exert their antidepressant-
like activity through the monoaminergic pathway. Life Sci. 128:
24-29.

Habtemariam, S. (2016). The Therapeutic Potential of Rosemary (Rosmari-
nus officinalis) Diterpenes for Alzheimer’s Disease. Evid. Based Com-
plement. Alternat. Med. 2016: 2680409.

Hammad, A., Grinbaum, E., Chezar, A., Israeli, A., Rozen, N., and Rubin,
G. (2022). The correlation between shoulder pathologies and sleep
disorders. J. Int. Med. Res. 50: 03000605221103543.

Hancianu, M., Cioanca, O., Mihasan, M., and Hritcu, L. (2013). Neuro-
protective effects of inhaled lavender oil on scopolamine-induced
dementia via anti-oxidative activities in rats. Phytomedicine 20:
446-452.

Hansen, R.A., Gartlehner, G., Webb, A.P., Morgan, L.C., Moore, C.G., and
Jonas, D.E. (2008). Efficacy and safety of donepezil, galantamine, and
rivastigmine for the treatment of Alzheimer’s disease: a systematic
review and meta-analysis. Clin. Interventions Aging 3: 211-225.

Hao, C.-W., Lai, W.-S., Ho, C.-T., and Sheen, L.-Y. (2013). Antidepressant-like
effect of lemon essential oil is through a modulation in the levels
of norepinephrine, dopamine, and serotonin in mice: Use of the tail
suspension test. J. Funct. Foods 5: 370-379.

Harkat-Madouri, L., Asma, B., Madani, K., Bey-Ould Si Said, Z., Rigou, P.,
Grenier, D., Allalou, H., Remini, H., Adjaoud, A., and Boulekbache-
Makhlouf, L. (2015). Chemical composition, antibacterial and anti-
oxidant activities of essential oil of Eucalyptus globulus from Algeria.
Ind. Crops Prod. 78: 148-153.

Haro-Gonzalez, J.N., Castillo-Herrera, G.A., Martinez-Velazquez, M., and
Espinosa-Andrews, H. (2021). Clove Essential Oil (Syzygium aromati-
cum L. Myrtaceae): Extraction, Chemical Composition, Food Applica-
tions, and Essential Bioactivity for Human Health. Molecules (Basel,
Switzerland) 26: 6387.

He, H., Xie, X., Zhang, J., Mo, L., Kang, X., Zhang, Y., Wang, L., Hu, N., Xie,
L., Peng, C., and You, Z. (2023). Patchouli alcohol ameliorates de-
pression-like behaviors through inhibiting NLRP3-mediated neuro-
inflammation in male stress-exposed mice. J. Affective Disord. 326:
120-131.

Hsiao, Y.-T., Chang, W.--A., Kuo, M.-T,, Lo, J., Lin, H.-C., Yen, M.-C., Jian, S.-F.,
Chen, Y-J., and Kuo, P-L. (2019). Systematic Analysis of Transcriptom-
ic Profile of the Effects of Low Dose Atropine Treatment on Scleral
Fibroblasts using Next-Generation Sequencing and Bioinformatics.
Int. J. Med. Sci. 16: 1652-1667.

Hu, R-D., Zhu, W-L., Lin, W.-Y,, Qiu, Y-H., Wu, G.-L., Ding, X-Y., Yang, Z.K.,
Feng, Q., Zhang, R-R., Qiao, L-J., Cai, Y.-F., and Zhang, S.-J. (2024).
Ethanol extract of Evodia lepta Merr. ameliorates cognitive impair-
ment through inhibiting NLRP3 inflammasome in scopolamine-treat-
ed mice. Aging (Albany NY) 16: 2385-2397.

Hung, N.H., Quan, P.M., Satyal, P, Dai, D.N., Hoa, V.V., Huy, N.G., Giang,
L.D., Ha, N.T., Huong, LT, Hien, V.T., and Setzer, W.N. (2022). Acetyl-
cholinesterase Inhibitory Activities of Essential Oils from Vietnamese
Traditional Medicinal Plants. Molecules 27: 7092.

Hussain, H., Rashan, L., Hassan, U., Abbas, M., Hakkim, F.L., and Green, I.R.
(2022). Frankincense diterpenes as a bio-source for drug discovery.
Expert Opin. Drug Discovery 17: 513-529.

Igarashi, M., lkei, H., Song, C., and Miyazaki, Y. (2014). Effects of olfactory
stimulation with rose and orange oil on prefrontal cortex activity.
Complement. Ther. Med. 22: 1027-1031.

Jannini, T.B., Alisi, L., Giovannetti, F., Armentano, M., Di Lorenzo, G., Niolu,
C., and Siracusano, A. (2025). The Effect of Psychotropic Medications
on Glaucoma Risk and Intraocular Pressure: A Bayesian Meta-Analy-
sis. CNS Drugs.

Ji, W.-W,, Li, R--P,, Li, M., Wang, S.-Y., Zhang, X., Niu, X-X., Li, W,, Yan, L.,
Wang, Y., Fu, Q., and Ma, S.-P. (2014). Antidepressant-like effect of
essential oil of Perilla frutescens in a chronic, unpredictable, mild
stress-induced depression model mice. Chin. J. Nat. Med. 12: 753—
759.

Jiang, Z., Luo, M., Ma, W., Ma, S., Wang, Y., and Zhang, K. (2021). Protec-
tive Effects of 1,8-Cineole Microcapsules Against Inflammation and

Gut Microbiota Imbalance Associated Weight Loss Induced by Heat
Stress in Broiler Chicken. Front. Pharmacol. 11: 585945.

Kakkar, A., Singh, H., Anand, A., Chopra, H., and Mishra, A.K. (2025). Neu-
roprotective Effects of Eugenol in Alzheimer’s Disease: Mitigating
Oxidative Stress, Inflammation and Amyloid Plaques. Curr. Pharm.
Des. 493-504.

Kamaityté-Bukelskiené, L., LoZiené, K., and Labokas, J. (2021). Dynamics
of Isomeric and Enantiomeric Fractions of Pinene in Essential Oil of
Picea abies Annual Needles during Growing Season. Molecules 26:
2138.

Kato, T., Mitsukura, Y., Yoshida, K., Mimura, M., Takata, N., and Tanaka,
K.F. (2022). Oscillatory Population-Level Activity of Dorsal Raphe
Serotonergic Neurons Is Inscribed in Sleep Structure. J. Neurosci. 42:
7244-7255.

Katsuyama, S., Otowa, A., Kamio, S., Sato, K., Yagi, T., Kishikawa, Y., Ko-
matsu, T., Bagetta, G., Sakurada, T., and Nakamura, H. (2015). Effect
of plantar subcutaneous administration of bergamot essential oil and
linalool on formalin-induced nociceptive behavior in mice. Biomed.
Res. (Tokyo, Japan) 36: 47-54.

Khalifaev, P.D., Sharopov, F.S., Safomuddin, A., Numonov, S., Bakri, M.,
Habasi, M., Aisa, H.A., and Setzer, W.N. (2018). Chemical Composi-
tion of the Essential Oil from the Roots of Ferula kuhistanica Growing
Wild in Tajikistan. Nat. Prod. Commun. 13: 1934578X1801300226.

Kiani, S. (2016). A review of chemical components and pharmacological
effects ofMelissa officinalis L.

Klimek, K., Tyskiewicz, K., Miazga-Karska, M., Debczak, A., Rdj, E., and
Ginalska, G. (2021). Bioactive Compounds Obtained from Polish
“Marynka” Hop Variety Using Efficient Two-Step Supercritical Fluid
Extraction and Comparison of Their Antibacterial, Cytotoxic, and
Anti-Proliferative Activities In Vitro. Molecules 26: 2366.

Ko, L-W., Su, C-H., Yang, M.-H., Liu, S.-Y., and Su, T.-P. (2021). A pilot study
on essential oil aroma stimulation for enhancing slow-wave EEG in
sleeping brain. Sci. Rep. 11: 1078.

Kowalonek, J., Stachowiak, N., Bolczak, K., and Richert, A. (2023). Physico-
chemical and Antibacterial Properties of Alginate Films Containing
Tansy (Tanacetum vulgare L.) Essential Oil. Polymers 15: 260.

Kuru Bektasoglu, P., Koyuncuoglu, T., Demir, D., Sucu, G., Akakin, D.,
Peker Eyiiboglu, I., Yiiksel, M., Celikoglu, E., Yegen, B.C., and Giirer,
B. (2021). Neuroprotective Effect of Cinnamaldehyde on Secondary
Brain Injury After Traumatic Brain Injury in a Rat Model. World Neu-
rosurg. 153: e392—-e402.

Lal, M., Begum, T., Gogoi, R., Sarma, N., Munda, S., Pandey, S.K., Baruah, J.,
Tamang, R., and Saikia, S. (2022). Anethole rich Clausena heptaphylla
(Roxb.) Wight , & Arn., essential oil pharmacology and genotoxic ef-
ficiencies. Sci. Rep. 12: 9978.

Lamba, P., Bilodeau-Wentworth, D., Emery, P., and Zhang, Y. (2014). Morn-
ing and Evening oscillators cooperate to reset circadian behavior in
response to light input. Cell Rep. 7: 601-608.

Lee, B.H., Hille, B., and Koh, D.-S. (2021). Serotonin modulates melatonin
synthesis as an autocrine neurotransmitter in the pineal gland. Proc.
Natl. Acad. Sci. U. S. A. 118: €2113852118.

Li, R., Yang, Y., Wang, L., Tang, G., Yang, J., Gao, S., and Liu, J. (2024a).
Blockade of pre- and post-synaptic GABAB receptors in the anter-
oventral bed nucleus of stria terminalis produces anxiolytic-like and
anxiety-like effects in parkinsonian rats respectively. Neuropharma-
cology 257: 110033.

Li, T., Li, X., Zhang, J., Yu, Z., Gong, F., Wang, J., Tang, H., Xiang, J., Zhang,
W., and Cai, D. (2022a). Chemical component analysis of the tradi-
tional Chinese medicine Guipi Tang and its effects on major depres-
sive disorder at molecular level. Heliyon 8: €12182.

Li, X., Chen, M., Yao, Z., Zhang, T., and Li, Z. (2022b). Dietary inflamma-
tory potential and the incidence of depression and anxiety: a meta-
analysis. J. Health Popul. Nutr. 41: 24.

Li, X., Zhang, Y., Zhang, Q., Cao, A., and Feng, J. (2024b). Eucalyptus essen-
tial oil exerted a sedative-hypnotic effect by influencing brain neu-
rotransmitters and gut microbes via the gut microbiota-brain axis.
Front. Pharmacol. 15: 1464654.

Li, X.-H., Zhu, H.-C., Cui, X.-M., Wang, W.,, Yang, L., Wang, L.-B., Hu, N.-W.,
and Duan, D.-X. (2022c). Death-associated protein kinase 1 is associ-
ated with cognitive dysfunction in major depressive disorder. Neural
Regener. Res. 18: 1795-1801.

28 Journal of Food Bioactives | www.isnff-jfb.com



Ni et al.

Aromatic plant-derived essential oils

Liang, M., Du, Y., Li, W., Yin, X., Yang, N., Qie, A., Lebaron, TW., Zhang, J.,
Chen, H., and Shi, H. (2018). SuHeXiang Essential Oil Inhalation Pro-
duces Antidepressant- and Anxiolytic-Like Effects in Adult Mice. Biol.
Pharm. Bull. 41: 1040-1048.

Ling, W., Yu, T.,, Qin, Z., Haixia, W., Pengyi, H., Yuanyuan, G., Ting, Y., Mei,
W., and Ming, Y. (2019). Study on Antidepressant Effects of Rhizoma
Ligustici Chuanxiong Volatile Oil Based on CUMS Rats. Shijie Zhongyi-
yao 14: 1643-1648.

Liu, W, Li, J., Yang, M., Ke, X., Dai, Y., Lin, H., Wang, S., Chen, L., and Tao, J.
(2022). Chemical genetic activation of the cholinergic basal forebrain
hippocampal circuit rescues memory loss in Alzheimer’s disease. Alz-
heimers. Res. Ther. 14: 53.

Loizzo, M.R., Ben Jemia, M., Senatore, F., Bruno, M., Menichini, F., and
Tundis, R. (2013). Chemistry and functional properties in prevention
of neurodegenerative disorders of five Cistus species essential oils.
Food Chem. Toxicol. 59: 586-594.

Lu, R., Zhang, L., Wang, H., Li, M., Feng, W., and Zheng, X. (2022a). Echi-
nacoside exerts antidepressant-like effects through enhancing BD-
NF-CREB pathway and inhibiting neuroinflammation via regulating
microglia M1/M2 polarization and JAK1/STAT3 pathway. Front. Phar-
macol. 13: 993483.

Lu, S.-C., Xu, M., Wang, M., Hardi, A., Cheng, A.L., Chang, S.-H., and Yen, P--
Y. (2022b). Effectiveness and Minimum Effective Dose of App-Based
Mobile Health Interventions for Anxiety and Depression Symptom
Reduction: Systematic Review and Meta-Analysis. JMIR Ment Health
9: e39454.

Lydiard, R.B. (2003). The role of GABA in anxiety disorders. J. Clin. Psychia-
try 64(Suppl 3): 21-27.

Machado, K. da C., Islam, M.T., Ali, E.S., Rouf, R., Uddin, S.J., Dey, S., Shil-
pi, J.A., Shill, M.C., Reza, H.M., Das, A.K., Shaw, S., Mubarak, M.S.,
Mishra, S.K., and Melo-Cavalcante, A.A. de C. (2018). A systematic
review on the neuroprotective perspectives of beta-caryophyllene.
Phytother. Res. 32: 2376-2388.

Majewska, E., Koztowska, M., Gruczyriska-Sekowska, E., Kowalska, D., and
Tarnowska, K. (2019). Lemongrass (Cymbopogon citratus) Essential
Qil: Extraction, Composition, Bioactivity and Uses for Food Preserva-
tion —a Review. Pol. J. Food Nutr. Sci. 69: 327-341.

Majlessi, N., Choopani, S., Kamalinejad, M., and Azizi, Z. (2012). Amelio-
ration of amyloid B-induced cognitive deficits by Zataria multiflora
Boiss. essential oil in a rat model of Alzheimer’s disease. CNS Neuro-
sci. Ther. 18: 295-301.

Maleki, M., Mardani, A., Manouchehri, M., Ashghali Farahani, M., Vaismo-
radi, M., and Glarcher, M. (2023). Effect of Chamomile on the Com-
plications of Cancer: A Systematic Review. Integr. Cancer Ther. 22:
15347354231164600.

Masago, R., Matsuda, T., Kikuchi, Y., Miyazaki, Y., lwanaga, K., Harada, H.,
and Katsuura, T. (2000). Effects of Inhalation of Essential Oils on EEG
Activity and Sensory Evaluation. J. Physiol. Anthropol. Appl. Human.
Sci. 19: 35-42.

Mathew, M., and Subramanian, S. (2014). In vitro evaluation of anti-Alz-
heimer effects of dry ginger (Zingiber officinale Roscoe) extract. In-
dian J. Exp. Biol. 52: 606—612.

Medeiros, K.A.A.L., Santos, J.R. dos, Melo, T.C. de S., Souza, M.F. de, San-
tos, L. de G., Gois, A.M. de, Cintra, R.R,, Lins, L.C.R.F., Ribeiro, A.M.,
and Marchioro, M. (2018). Depressant effect of geraniol on the cen-
tral nervous system of rats: Behavior and ECoG power spectra. Bi-
omed. J. 41: 298-305.

Menke, A. (2024). The HPA Axis as Target for Depression. Curr. Neurophar-
macol. 22: 904-915.

Mesole, S.B., Alfred, 0.0., Yusuf, U.A., Lukubi, L., and Ndhlovu, D. (2020).
Apoptotic Inducement of Neuronal Cells by Aluminium Chloride and
the Neuroprotective Effect of Eugenol in Wistar Rats. Oxid. Med. Cell.
Longevity 2020: 8425643.

Morrone, L.A., Rombol3, L., Pelle, C., Corasaniti, M.T., Zappettini, S., Pau-
dice, P, Bonanno, G., and Bagetta, G. (2007). The essential oil of
bergamot enhances the levels of amino acid neurotransmitters in
the hippocampus of rat: Implication of monoterpene hydrocarbons.
Pharmacol. Res. 55: 255-262.

Moscovitch, D.A., Santesso, D.L., Miskovic, V., McCabe, R.E., Antony, M.M.,
and Schmidt, L.A. (2011). Frontal EEG asymmetry and symptom re-
sponse to cognitive behavioral therapy in patients with social anxiety

disorder. Biol. Psychol. 87: 379-385.

Muehlan, C., Roch, C., Vaillant, C., and Dingemanse, J. (2023). The orexin
story and orexin receptor antagonists for the treatment of insomnia.
J. Sleep Res. 32: €13902.

Murarikova, A., Tazky, A., Neugebauerova, J., Plankovd, A., Jampilek, J.,
Mudaji, P, Mikus$, P, Murarikova, A., Tazky, A., Neugebauerova, J.,
Plankova, A., Jampilek, J., Mucaji, P., and Mikus, P. (2017). Characteri-
zation of Essential Oil Composition in Different Basil Species and Pot
Cultures by a GC-MS Method. Molecules 22(7): 1221.

Mwithiga, G., Maina, S., Muturi, P., and Gitari, J. (2024). Lemongrass (Cym-
bopogon flexuosus) growth rate, essential oil yield and composition
as influenced by different soil conditioners under two watering re-
gimes. Heliyon 10: e25540.

Neelam, Khatkar, A., and Sharma, K.K. (2020). Phenylpropanoids and its
derivatives: biological activities and its role in food, pharmaceutical
and cosmetic industries. Crit. Rev. Food Sci. Nutr. 60: 2655-2675.

Noor, A.A.M. (2024). Exploring the Therapeutic Potential of Terpenoids for
Depression and Anxiety. Chem. Biodiversity 21: e202400788.

Noroozi, F., Asle-Rousta, M., Amini, R., and Sahraeian, Z. (2024). Alpha-
pinene alleviates CCl4-induced renal and testicular injury in rats by
targeting oxidative stress, inflammation, and apoptosis. Iran. J. Basic
Med. Sci. 27: 678-684.

Othman, H.I.A., Zaid, A., Cacciola, F., Zhao, Z., Guan, X., Althakafy, J.T., and
Wong, Y.F. (2023). Evaluation of Cryogen-Free Thermal Modulation-
Based Enantioselective Comprehensive Two-Dimensional Gas Chro-
matography for Stereo-Differentiation of Monoterpenes in Citrus
spp. Leaf Oils. Molecules 28: 1381.

Pandey, S.K., Bhandari, S., Sarma, N., Begum, T., Munda, S., Baruah, J.,
Gogoi, R., Haldar, S., and Lal, M. (2021). Essential oil compositions,
pharmacological importance and agro technological practices of
Patchouli ( Pogostemon cablin Benth.): A review. J. Essent. Oil Bear.
Plants 24: 1212-1226.

Pelluru, D., Konadhode, R.R., Bhat, N.R., and Shiromani, P.J. (2016). Op-
togenetic stimulation of astrocytes in the posterior hypothalamus
increases sleep at night in C57BL/6J mice. Eur. J. Neurosci. 43: 1298—
1306.

Pike, C.K., Kim, M., Schnitzer, K., Mercaldo, N., Edwards, R., Napadow, V.,
Zhang, Y., Morrissey, E.J., Alshelh, Z., Evins, A.E., Loggia, M.L., and
Gilman, J.M. (2022). Study protocol for a phase Il, double-blind, ran-
domised controlled trial of cannabidiol (CBD) compared with placebo
for reduction of brain neuroinflammation in adults with chronic low
back pain. BMJ Open 12: e063613.

Prashar, A., Locke, I.C., and Evans, C.S. (2004). Cytotoxicity of lavender oil
and its major components to human skin cells. Cell Proliferation 37:
221-229.

Pu, W., Lingling, L., Yuanfei, N., Bei, P, Ling, L., and Ying, C. (2018). Prelimi-
nary Study on Radix et Rhizoma Asari Intervention in Mice Depres-
sion. Shijie Zhongyiyao 13: 794-798.

Qin, Y., Chen, X., Wang, L., Wei, X., Nong, W., Wei, X., and Liang, J. (2022).
Experimental Determination and Computational Prediction of Dehy-
droabietic Acid Solubility in (-)-a-Pinene + (-)-B-Caryophyllene + P-
Cymene System. Molecules 27: 1220.

Ramanaiah, I., Sudeep, H.V., and Shyamprasad, K. (2022). ViphyllinTM, a
Standardized Black Pepper Extract Exerts Antihyperglycemic Effect
and Improves Sciatic Nerve Conduction in High Fat Diet/Streptozo-
tocin-Induced Diabetic Model Rats. Diabetes, Metab. Syndr. Obes.:
Targets Ther. 15: 1819-1829.

Rasouli, F., Hassanpouraghdam, M.B., Pirsarandib, Y., Aazami, M.A., Asadi,
M., Ercisli, S., Mehrabani, L.V., Puglisi, I., and Baglieri, A. (2023). Im-
provements in the biochemical responses and Pb and Ni phytoreme-
diation of lavender (Lavandula angustifolia L.) plants through Fun-
neliformis mosseae inoculation. BMC Plant Biol. 23: 252.

Reda, S.M., Setti, S.E., Berthiaume, A.-A., Wu, W., Taylor, R.W., Johnston,
J.L., Stein, L.R., Moebius, H.J., and Church, K.J. (2024). Fosgonimeton
attenuates amyloid-beta toxicity in preclinical models of Alzheimer’s
disease. Neurotherapeutics 21: e00350.

Ren, Y-L., Chu, W.-W.,, Yang, X.-W., Xin, L., Gao, J.-X., Yan, G.-Z., Wang, C.,
Chen, Y.-N., Xie, J.-F.,, Spruyt, K., Lin, J.-S., Hou, Y-P., and Shao, Y.-F.
(2025). Lavender improves sleep through olfactory perception and
GABAergic neurons of the central amygdala. J. Ethnopharmacol. 337:
118942.

Journal of Food Bioactives | www.isnff-jfb.com 29



Aromatic plant-derived essential oils

Ni et al.

Rolf, J., Julsing, M.K., Rosenthal, K., and Litz, S. (2020). A Gram-Scale Li-
monene Production Process with Engineered Escherichia coli. Mol-
ecules 25: 1881.

Rombola, L., Corasaniti, M.T., Rotiroti, D., Tassorelli, C., Sakurada, S., Ba-
getta, G., and Morrone, L.A. (2009). Effects of systemic administra-
tion of the essential oil of bergamot (BEO) on gross behaviour and
EEG power spectra recorded from the rat hippocampus and cerebral
cortex. Funct. Neurol. 24: 107-112.

Sadiki, F.Z., Idrissi, M.E., Cioanca, O., Trifan, A., Hancianu, M., Hritcu, L.,
and Postu, P.A. (2019). Tetraclinis articulata essential oil mitigates
cognitive deficits and brain oxidative stress in an Alzheimer’s disease
amyloidosis model. Phytomedicine 56: 57-63.

Saiyudthong, S., and Marsden, C.A. (2011). Acute effects of bergamot oil
on anxiety-related behaviour and corticosterone level in rats. Phyto-
ther. Res. 25: 858—-862.

Saiyudthong, S., Pongmayteegul, S., Marsden, C.A., and Phansuwan-Puji-
to, P. (2015). Anxiety-like behaviour and c-fos expression in rats that
inhaled vetiver essential oil. Nat. Prod. Res. 29: 2141-2144,

Salehi, B., Upadhyay, S., Erdogan Orhan, I., Kumar Jugran, A., Jayaweera,
S.L.D., Dias, D.A., Sharopoy, F., Taheri, Y., Martins, N., Baghalpour, N.,
Cho, W.C., and Sharifi-Rad, J. (2019). Therapeutic Potential of a- and
B-Pinene: A Miracle Gift of Nature. Biomolecules 9: 738.

Saper, C.B., Scammell, T.E., and Lu, J. (2005). Hypothalamic regulation of
sleep and circadian rhythms. Nature 437: 1257-1263.

Sattayakhom, A., Wichit, S., and Koombhin, P. (2023). The Effects of Essen-
tial Oils on the Nervous System: A Scoping Review. Molecules 28:
3771.

Schuwald, A.M., Noldner, M., Wilmes, T., Klugbauer, N., Leuner, K., and
Miller, W.E. (2013). Lavender Oil-Potent Anxiolytic Properties via
Modulating Voltage Dependent Calcium Channels. PLoS ONE 8:
e59998.

Shang, X., Hodge, A.M., Peng, W., He, M., and Zhang, L. (2020). Are Lead-
ing Risk Factors for Cancer and Mental Disorders Multimorbidity
Shared by These Two Individual Conditions in Community-Dwelling
Middle-Aged Adults? Cancers 12: 1700.

Shao, Z.,, Xu, Y., Chen, L., Wang, S., Zhang, M., Liu, S., Wen, X., Yu, D., and
Yuan, K. (2020). Dysfunction of the NAc-mPFC circuit in insomnia dis-
order. Neurolmage: Clinical 28: 102474.

Sharafzadeh, S., Khosh-Khui, M., and Javidnia, K. (2011). Effect of Nutri-
ents on Essential Oil Components, Pigments and Total Phenolic Con-
tent of Lemon Balm (Melissa officinalis L. Adv. Environ. Biol. 5: .

Sharifi-Rad, J., Sureda, A., Tenore, G.C., Daglia, M., Sharifi-Rad, M., Valussi,
M., Tundis, R., Sharifi-Rad, M., Loizzo, M.R., Ademiluyi, A.O., Sharifi-
Rad, R., Ayatollahi, S.A., and Iriti, M. (2017). Biological Activities of
Essential Oils: From Plant Chemoecology to Traditional Healing Sys-
tems. Molecules (Basel, Switzerland) 22: 70.

Sharopoy, F., Satyal, P., and Wink, M. (2016). Composition of the Essential
Oil of Ferula clematidifolia. Chem. Nat. Compd. 52: 518-519.

Shekarian, M., Salehi, I., Raoufi, S., Asadbegi, M., Kourosh-Arami, M., and
Komaki, A. (2023). Neuroprotective effects of vinpocetine, as a phos-
phodiesterase 1 inhibitor, on long-term potentiation in a rat model of
Alzheimer’s disease. BMC Neurosci. 24: 20.

Shewale, P.B., Patil, R.A., and Hiray, Y.A. (2012). Antidepressant-like activity
of anthocyanidins from Hibiscus rosa-sinensis flowers in tail suspen-
sion test and forced swim test. Indian J. Pharmacol. 44: 454-457.

Shoji, S., Murata, Y., Ikeda, H., Sakai, R., Chijiiwa, Y., Mori, M., and Enjoji, M.
(2025). Single Inhalation of Peppermint Essential Oil Alleviates Acute
Restraint Stress-Exacerbated Itch in Oxazolone-Induced Mild Der-
matitis: Correlations With Brain Neuronal Activity in Female BALB/c
Mouse. Brain Behav. 15: €71072.

Shu, Y., Wu, C., and Zhai, Y. (2022). Impacts of Landscape Type, Viewing
Distance, and Permeability on Anxiety, Depression, and Stress. Int. J.
Environ. Res. Public Health 19: 9867.

Sihoglu Tepe, A., and Ozaslan, M. (2020). Anti-Alzheimer, anti-diabetic,
skin-whitening, and antioxidant activities of the essential oil of Cin-
namomum zeylanicum. Ind. Crops Prod. 145: 112069.

Silva Brum, L.F., Emanuelli, T., Souza, D.O., and Elisabetsky, E. (2001). Ef-
fects of Linalool on Glutamate Release and Uptake in Mouse Cortical
Synaptosomes. Neurochem. Res. 26: 191-194.

Silver, A.C., Arjona, A., Walker, W.E., and Fikrig, E. (2012). The circadian
clock controls toll-like receptor 9-mediated innate and adaptive im-

munity. Immunity 36: 251-261.

Smach, M.A., Hafsa, J., Ben Abdallah, J., Charfeddine, B., and Limem, K.
(2024). Neuroprotective and anti-amnesic effects of Laurus Nobilis
essential oil against scopolamine-induced memory deficits in mice
brain. J. Ethnopharmacol. 319: 117151.

Solt, L.A., Wang, Y., Banerjee, S., Hughes, T., Kojetin, D.J., Lundasen, T.,
Shin, Y., Liu, J., Cameron, M.D., Noel, R., Yoo, S.-H., Takahashi, J.S.,
Butler, A.A., Kamenecka, T.M., and Burris, T.P. (2012). Regulation of
circadian behaviour and metabolism by synthetic REV-ERB agonists.
Nature 485: 62—68.

Srimaharaj, W. (2026). Brain dysfunction assessment in Alzheimer’s dis-
ease: A phase-space projection and interactive signal decomposition
framework. Comput. Biol. Med. 201: 111440.

Stiedl, O., Pappa, E., Konradsson-Geuken, A., and Ogren, $.0. (2015). The
role of the serotonin receptor subtypes 5-HT1A and 5-HT7 and its
interaction in emotional learning and memory. Front. Pharmacol. 6:
162.

Stockmann, P.N., Van Opdenbosch, D., Poethig, A., Pastoetter, D.L., Hoe-
henberger, M., Lessig, S., Raab, J., Woelbing, M., Falcke, C., Winnack-
er, M., Zollfrank, C., Strittmatter, H., and Sieber, V. (2020). Biobased
chiral semi-crystalline or amorphous high-performance polyamides
and their scalable stereoselective synthesis. Nat. Commun. 11: 509.

Su, H.-H., Sung, F-C., Kao, K-L., Chen, S.-C,, Lin, C-J., Wu, S-I., Lin, C-L.,
Stewart, R., and Chen, Y--S. (2021). Relative risk of functional dys-
pepsia in patients with sleep disturbance: a population-based cohort
study. Sci. Rep. 11: 18605.

Suantawee, T., Wesarachanon, K., Anantsuphasak, K., Daenphetploy, T.,
Thien-Ngern, S., Thilavech, T., Pasukamonset, P., Ngamukote, S.,
and Adisakwattana, S. (2015). Protein glycation inhibitory activity
and antioxidant capacity of clove extract. J. Food Sci. Technol. 52:
3843-3850.

Sun, W.,, Yang, G., Zhang, F., Feng, C., Liang, M., Jia, P., Zhao, Z., Guo, H.,
and Zhao, Y. (2022). Effects of Artemisia annua L. Essential Oil on Os-
teoclast Differentiation and Function Induced by RANKL. Evid. Based
Complement. Alternat. Med. 2022: 1322957.

Swiader, K., Startek, K., and Wijaya, C. (2019). The therapeutic properties
of Lemon balm (Melissa officinalis L.): Reviewing novel findings and
medical indications. J. Appl. Bot. Food Qual. 1: 327-335.

Tan, H., Zhong, P.,, and Yan, Z. (2004). Corticotropin-releasing factor and
acute stress prolongs serotonergic regulation of GABA transmission
in prefrontal cortical pyramidal neurons. J. Neurosci. 24: 5000-5008.

Tang, S., Luo, W., Wu, S., Yuan, M., Wen, J., Zhong, G., Shen, L., Jiang, W.,
Cheng, C., Wu, X., and Xiao, X. (2026). Hippocampus-targeted BDNF
gene therapy to rescue cognitive impairments of Alzheimer’s disease
in multiple mouse models. Genes Dis. 13: 101649.

Tian, J., Tian, Z., Qin, S., Zhao, P., Jiang, X., and Tian, Z. (2017). Anxiolytic-
like effects of a-asarone in a mouse model of chronic pain. Metab.
Brain Dis. 32: 2119-2129.

Urasaki, Y., Beaumont, C., Workman, M., Talbot, J.N., Hill, D.K., and Le, T.T.
(2020). Fast-Acting and Receptor-Mediated Regulation of Neuronal
Signaling Pathways by Copaiba Essential Qil. Int. J. Mol. Sci. 21: 2259.

Vanover, K.E., and Davis, R.E. (2010). Role of 5-HT2A receptor antagonists
in the treatment of insomnia. Nat. Sci. Sleep 2: 139-150.

Varga, Z.V., Matyas, C., Erdelyi, K., Cinar, R., Nieri, D., Chicca, A., Nemeth,
B.T., Paloczi, J., Lajtos, T., Corey, L., Hasko, G., Gao, B., Kunos, G.,
Gertsch, J., and Pacher, P. (2018). B-Caryophyllene protects against
alcoholic steatohepatitis by attenuating inflammation and metabolic
dysregulation in mice. Br. J. Pharmacol. 175: 320-334.

Vespermann, K.A.C., Paulino, B.N., Barcelos, M.C.S., Pessda, M.G., Pastore,
G.M., and Molina, G. (2017). Biotransformation of a- and B-pinene
into flavor compounds. Appl. Microbiol. Biotechnol. 101: 1805-1817.

Wallach, T., Mossmann, Z.J., Szczepek, M., Wetzel, M., Machado, R.,
Raden, M., Miladi, M., Kleinau, G., Kriger, C., Dembny, P., Adler, D.,
Zhai, Y., Kumbol, V., Dzaye, O., Schiiler, J., Futschik, M., Backofen, R.,
Scheerer, P., and Lehnardt, S. (2021). MicroRNA-100-5p and microR-
NA-298-5p released from apoptotic cortical neurons are endogenous
Toll-like receptor 7/8 ligands that contribute to neurodegeneration.
Mol. Neurodegener. 16: 80.

Wang, S., Zhou, Y., Ma, F, Zhang, Q., Liu, Y., Gong, B., Guo, P., and Wei,
J. (2016). Effect of agarwood produced by whole-tree agarwood-in-
ducing technique on hypnotic and spontaneous activity inhibition of

30 Journal of Food Bioactives | www.isnff-jfb.com



Ni et al.

Aromatic plant-derived essential oils

mice. J. Int. Pharm. Res. 43: 1082-1087.

Wang, J., Fan, J.-Y., Zhao, Z., Dissel, S., and Price, J. (2022a). DBT affects
sleep in both circadian and non-circadian neurons. PLoS Genet. 18:
e1010035.

Wang, S., Wang, C., Peng, D., Liu, X., Wu, C., Guo, P., Wei, J., Wang, S.,
Wang, C., Peng, D., Liu, X., Wu, C., Guo, P., and Wei, J. (2017). Agar-
wood Essential Oil Displays Sedative-Hypnotic Effects through the
GABAergic System. Molecules 22: 2190.

Wang, S., Wang, C., Yu, Z., Wu, C, Peng, D, Liu, X., Liu, Y., Yang, Y., Guo,
P.,, Wei, J., Wang, S., Wang, C., Yu, Z., Wu, C,, Peng, D., Liu, X., Liu, Y.,
Yang, Y., Guo, P., and Wei, J. (2018). Agarwood Essential Oil Amelio-
rates Restrain Stress-Induced Anxiety and Depression by Inhibiting
HPA Axis Hyperactivity. Int. J. Mol. Sci. 19(11): 3468.

Wang, W., Wang, Y., Guo, Q., Li, H., Wang, Z., Li, J,, Li, T., Tang, T., Wang,
Y., Jia, Y., Wang, Y., Zou, J., Shi, Y., Guo, D., Yang, M., Zhang, X., and
Sun, J. (2022b). Valerian essential oil for treating insomnia via the
serotonergic synapse pathway. Front. Nutr. 9: 927434.

Wang, X., Zhao, Z., Guo, J., Mei, D., Duan, Y., Zhang, Y., and Gou, L. (2023).
GABAB1 receptor knockdown in prefrontal cortex induces behavioral
aberrations associated with autism spectrum disorder in mice. Brain
Res. Bull. 202: 110755.

Wei, D., Zhao, Y., Zhang, M., Zhu, L., Wang, L., Yuan, X., and Wu, C. (2021).
The Volatile Oil of Zanthoxylum bungeanum Pericarp Improved the
Hypothalamic-Pituitary-Adrenal Axis and Gut Microbiota to Attenu-
ate Chronic Unpredictable Stress-Induced Anxiety Behavior in Rats.
Drug Des., Dev. Ther. 15: 769-786.

Wei, S., Chen, R,, Liu, X., Ma, H., Peng, Y., Wu, X., An, Y., Wang, X., and
Luo, P. (2024). Aromatherapy was used to explore the sedative and
hypnotic effects of Moringa seed essential oil on insomnia rats. Food
Sci. Nutr. 12: 10463-10476.

Wu, C,, Yang, L., Feng, S., Zhu, L., Yang, L., Liu, T.C.-Y., and Duan, R. (2022).
Therapeutic non-invasive brain treatments in Alzheimer’s disease:
recent advances and challenges. Inflammation Regener. 42: 31.

Wu, J., Mu, Q., Qi, J., Bao, H., and Sa, C. (2025). Ambient Mass Spectrom-
etry Imaging Reveals Spatiotemporal Brain Distribution and Neuro-
transmitter Modulation by 1,8-Cineole: An Epoxy Monoterpene in
Mongolian Medicine Sugmel-3. Metabolites 15: 631.

Wu, Y., Tang, J., Zhang, W., Zhuang, C., and Shi, Y. (2022). Rational drug
design of CB2 receptor ligands: from 2012 to 2021. RSC Adv. 12:
35242-35259.

Wuken, S., Li, J., Gao, X., Jiao, S., Ma, X., Chen, S., Tu, P., Huang, L., and
Chai, X. (2023). Zerumbone, a major sesquiterpene from Syringa pin-
natifolia Hemsl., exerts the sedative effect by regulating GABAergic
nervous system. J. Ethnopharmacol. 301: 115813.

Xiang, T., Liao, J., Cai, Y., Fan, M,, Li, C,, Zhang, X, Li, H., Chen, Y., and Pan, J.
(2023). Impairment of GABA inhibition in insomnia disorders: Evidence
from the peripheral blood system. Front. Psychiatry 14: 1134434,

Xu, L., Han, Y., Chen, X., Aierken, A., Wen, H., Zheng, W., Wang, H., Lu,
X., Zhao, Z., Ma, C,, Liang, P., Yang, W., Yang, S., and Yang, F. (2020).
Molecular mechanisms underlying menthol binding and activation of
TRPM8 ion channel. Nat. Commun. 11: 3790.

Xu, Y., Ma, L., Liu, F, Yao, L., Wang, W., Yang, S., and Han, T. (2023a). Lav-
ender essential oil fractions alleviate sleep disorders induced by the
combination of anxiety and caffeine in mice. J. Ethnopharmacol. 302:
115868.

Xu, Z., Zhou, X., Hong, X., Wang, S., Wei, J., Huang, J., Ji, L., Yang, Y., Efferth,
T., Hong, C., and Li, C. (2023b). Essential oil of Acorus tatarinowii
Schott inhibits neuroinflammation by suppressing NLRP3 inflamma-
some activation in 3 x Tg-AD transgenic mice. Phytomedicine 112:
154695.

Yang, J., Xu, Y., Hu, P, Li, A, Li, J., Huang, K., Zeng, H., Yue, P., Zhang, J.,
Yang, M., Gao, Y., Xu, H., and Zheng, Q. (2025). Exploring the mecha-
nism of action of huoermai essential oil for plateau insomnia based
on the camp/CREB/BDNF/gabaergic pathway. J. Ethnopharmacol.

338:119092.

Yang, T., Ma, X., Jiang, M., Cheng, Z., Datsomor, 0., Zhao, G., and Zhan, K.
(2022). The Role of Tea Tree Oil in Alleviating Palmitic Acid-Induced
Lipid Accumulation in Bovine Hepatocytes. Front. Vet. Sci. 8: 814840.

Yin, P, Li, H., Ke, C., Cao, G., Xin, X., Hu, J., Cai, X., Li, L., Liu, X., and Du,
B. (2020). Intranasal Delivery of Immunotherapeutic Nanoformula-
tions for Treatment of Glioma Through in situ Activation of Immune
Response. Int. J. Nanomed. 15: 1499-1515.

Yook, Y., Lee, KY., Kim, E., Lizarazo, S., Yu, X., and Tsai, N.-P. (2024). Hy-
perfunction of post-synaptic density protein 95 promotes seizure re-
sponse in early-stage aP pathology. EMBO Rep. 25: 1233-1255.

Yoon, C., Ham, Y.S., Gil, W.J., and Yang, C.-S. (2024). Exploring the potential
of Toxoplasma gondii in drug development and as a delivery system.
Exp. Mol. Med. 56: 289-300.

Yoon, Y.M., Go, G., Yun, CW., Lim, J.H., Lee, J.H., and Lee, S.H. (2020). Me-
latonin Suppresses Renal Cortical Fibrosis by Inhibiting Cytoskeleton
Reorganization and Mitochondrial Dysfunction through Regulation
of miR-4516. Int. J. Mol. Sci. 21: 5323.

Yu, X.-D., Zhu, Y., Sun, Q.-X., Deng, F., Wan, J., Zheng, D., Gong, W., Xie,
S.-Z., Shen, C.-J., Fu, J.-Y,, Huang, H., Lai, H.-Y,, Jin, J., Li, Y., and Li,
X.-M. (2022). Distinct serotonergic pathways to the amygdala under-
lie separate behavioral features of anxiety. Nature Neuroscience 25:
1651-1663.

Zaman, A., Khan, M.S.S., Akter, L., Syeed, S.H., Akter, J., Al Mamun, A.,
Alam, M.E., Habib, M.A., and Jalil, M.A. (2015). Exploring new phar-
macology and toxicological screening and safety evaluation of one
widely used formulation of Nidrakar Bati from South Asia region.
BMC Complementary Altern. Med. 15: 121.

Zhang, K., Liu, R., Gao, Y., Ma, W., and Shen, W. (2020). Electroacupuncture
Relieves LPS-Induced Depression-Like Behaviour in Rats Through
IDO-Mediated Tryptophan-Degrading Pathway. Neuropsychiatr. Dis.
Treat. 16: 2257-2266.

Zhang, K., Pan, J., and Yu, Y. (2022). Regulation of Neural Circuitry under
General Anesthesia: New Methods and Findings. Biomolecules 12:
898.

Zhang, N., and Yao, L. (2019). Anxiolytic Effect of Essential Oils and Their
Constituents: A Review. J. Agric. Food Chem. 67: 13790-13808.
Zhang, N., Zhang, L., Feng, L., and Yao, L. (2016). The anxiolytic effect of
essential oil of Cananga odorata exposure on mice and determi-
nation of its major active constituents. Phytomedicine 23: 1727—

1734.

Zhang, N., Zhang, L., Feng, L., and Yao, L. (2018). Cananga odorata essen-
tial oil reverses the anxiety induced by 1-(3-chlorophenyl) piperazine
through regulating the MAPK pathway and serotonin system in mice.
J. Ethnopharmacol. 219: 23-30.

Zhang, Y., Long, Y., Yu, S., Li, D., Yang, M., Guan, Y., Zhang, D., Wan, J., Liu,
S., Shi, A., Li, N., and Peng, W. (2021). Natural volatile oils derived
from herbal medicines: A promising therapy way for treating depres-
sive disorder. Pharmacol. Res. 164: 105376.

Zhang, Y., Zhang, H., Li, H., Li, J., Wei, H., Wang, Y., Wang, T., Du, S., and Li,
P. (2025). Study on the mechanism of penetration of particles of air
pollution into the brain through the nasal cavity and the potential
neurological health risks. Ecotoxicol. Environ. Saf. 303: 118963.

Zhou, W., Yoshioka, M., and Yokogoshi, H. (2009). Sub-Chronic Effects of
s-Limonene on Brain Neurotransmitter Levels and Behavior of Rats.
J. Nutr. Sci. Vitaminol. 55: 367-373.

Zhu, S., Noviello, C.M., Teng, J., Walsh, R.M., Kim, J.J., and Hibbs, R.E.
(2018). Structure of a human synaptic GABAA receptor. Nature 559:
67-72.

Zigmantaite, V., Jonusaite, E., Grigaleviciaté, R., KuCinskas, A., Treinys, R.,
Navalinskas, A., Zvikas, V., Jakstas, V., PudZiuvelyté, L., Bernatoniené,
J., Macianskiené, R., and Jurevicius, J. (2022). Evaluation of the Car-
diac Electrophysiological and Haemodynamic Effects of Elsholtzia cil-
iata Essential Oil on Swine. Pharmaceuticals 15: 982.

Journal of Food Bioactives | www.isnff-jfb.com 31



	﻿﻿﻿Abstract﻿

	﻿﻿﻿﻿1﻿. ﻿Introduction﻿

	﻿﻿﻿﻿2﻿. ﻿Major bioactive components in EOs﻿

	﻿﻿﻿2.1﻿. ﻿Monoterpenes﻿

	﻿﻿﻿﻿2.2﻿. ﻿Sesquiterpenes﻿

	﻿﻿﻿﻿2.3﻿. ﻿Phenylpropanoids﻿

	﻿﻿﻿﻿2.4﻿. ﻿Oxygenated compounds﻿


	﻿﻿﻿﻿﻿3﻿. ﻿The effects and mechanisms of EOs in nervous and mental diseases﻿

	﻿﻿﻿3.1﻿. ﻿Psychiatric disorders: depression and anxiety﻿

	﻿﻿﻿﻿﻿3.2﻿. ﻿Sleep disorders and insomnia﻿

	﻿﻿﻿﻿﻿3.3﻿. ﻿Neurodegenerative diseases﻿


	﻿﻿﻿﻿﻿﻿4﻿. ﻿Conclusions and future perspectives﻿

	﻿﻿﻿﻿﻿﻿Funding﻿

	﻿﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿﻿References﻿


