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Abstract

:

Essential oils (EOs) have been traditionally used as ancient remedies to treat many health disorders due to their enormous biological activities. As mainstream allopathic medication currently used for CNS disorders is associated with adverse effects, the search to obtain safer alternatives as compared to the currently marketed therapies is of tremendous significance. Research conducted suggests that concurrent utilization of allopathic medicines and EOs is synergistically beneficial. Due to their inability to show untoward effects, various scientists have tried to elucidate the pharmacological mechanisms by which these oils exert beneficial effects on the CNS. In this regard, our review aims to improve the understanding of EOs’ biological activity on the CNS and to highlight the significance of the utilization of EOs in neuronal disorders, thereby improving patient acceptability of EOs as therapeutic agents. Through data compilation from library searches and electronic databases such as PubMed, Google Scholar, etc., recent preclinical and clinical data, routes of administration, and the required or maximal dosage for the observation of beneficial effects are addressed. We have also highlighted the challenges that require attention for further improving patient compliance, research gaps, and the development of EO-based nanomedicine for targeted therapy and pharmacotherapy.
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1. Introduction


Since ancient times, essential oils (EOs) have been widely used and have been identified as therapeutic agents owing to their pharmacological and psychological properties. They were deemed to be physical, spiritual, and mental healing agents [1,2]. EOs are naturally occurring complex mixtures of volatile odor compounds synthesized as secondary metabolites by plants and are extracted through steam distillation, solvent extraction, maceration, cold press extraction, water distillation, and CO2 extraction. Novel methods that are more efficient and provide higher yields include supercritical fluid extraction, microwave-assisted extraction, and ultrasound [3]. Studies conducted on animals and humans have shown that EOs can produce a variety of CNS targeted pharmacological effects such as anxiolytic effect, neuroprotection, antidepressant effect, anticonvulsant effect, analgesic, and sedative effect, to name a few. As a result, EOs can be used as an adjuvant therapy to prevent and relieve symptoms associated with CNS-based disorders such as insomnia, depression, dementia, Alzheimer’s disease (AD), etc. As they are naturally occurring, they have the added benefit of being non-toxic and safe when utilized correctly at appropriate concentrations, which have been proven through research in the last ten years [2]. Table 1 provides a summary of the source, active constituents, and methods of extraction of EOs, and Table 2 provides a summary of the dosage, preclinical and clinical studies pertaining to the use of EOs, while Figure 1 illustrates the various mechanisms by which EOs have been found to act on the CNS.



The term ‘aromatherapy’ was coined in the early 20th century by Rene M. Gattefosse. In his book published in 1973 titled ‘Aromatherapie,’ he claimed that he could cure any ailment of the human body through herbal medicines [66]. Although the benefits remain controversial, patients and healthcare providers are highly attracted to EOs use due to their low cost and lesser potential to show adverse effects. The therapeutic effects of EOs have been observed following topical application or inhalation. The topical application involves adding a few drops of EO to carrier oil such as olive oil, coconut oil, argan oil, etc., followed by massaging the skin or area of interest to promote absorption through pores and hair follicles. Inhalation therapy involves using a diffuser, humidifier, or soaking gauze with EO, which is then kept near the patient for inhalation. Inhalation of EOs causes stimulation of olfactory nerves, which are specialized sensory nerves responsible for the sense of smell [67].



According to a review paper by Yang et al., the parts of the brain associated with pain perception include the primary somatosensory cortex, secondary somatosensory cortex, anterior cingulate cortex (ACC), prefrontal cortex (PFC), insular cortex, amygdala, thalamus, cerebellum, and periaqueductal gray (PAG) [68]. Therefore, researchers hypothesized that the analgesic effects associated with certain essential oils could be attributed to targeting certain regions of the brain. In 2018, Ze-Jun Wang et al. reviewed mechanisms by which essential oils exerted their antinociceptive, anxiolytic, and anticonvulsant effects. They suggested that these effects are due to essential oils’ ability to primarily modulate the GABAergic system and sodium (Na+) ion channels and the capability to target transient receptor potential (TRP) channels [69].



According to the WHO, worldwide, more than 264 million people are affected by depression, and approximately 800,000 people die due to suicide each year [70]. Currently, therapies include behavioral activation, cognitive behavioral therapy (CBT), interpersonal psychotherapy, and antidepressant medication such as selective serotonin/serotonin-norepinephrine reuptake inhibitors (SSRIs) and tricyclic antidepressants (TCAs) [2,8]. Although SSRIs have shown benefit/risk balance [71], currently administered medications for depression are associated with significant side effects and lead to sub-optimal therapeutic outcomes in some patients. Ogata et al. performed a study on healthy males to determine the mechanism by which lavender oil exerts its mood-elevating effect. Lavender oil was inhaled for 20 min, followed by subsequent inhalation a week later. The study concluded that lavender oil offers therapeutic benefits for stress relief owing to its ability to activate the central oxytocin neurons [72].



The most common form of dementia is that of Alzheimer’s disease. The WHO has estimated that currently worldwide, 50 million people are affected and has projected that in 2030 and 2050, the number of cases will increase to 82 million and 152 million, respectively. Currently, there is no treatment available to cure and prevent the progression of dementia. However, cholinesterase inhibitors like donepezil, rivastigmine galantamine, and an N-methyl-d-aspartate (NMDA) antagonist memantine have been used to reduce and control behavioral symptoms [73,74]. Observed side effects associated with SSRIs and TCAs include weight gain, headaches, tachycardia, and sexual dysfunction [75]. Filipstova et al. measured the ability of rosemary oil and lavender oil to retain the short-term image and numerical memory. The result of this study indicated that EOs do exert their CNS effects through varying mechanisms and target different regions and receptors of the brain [76].



All the available information presented in the paper was compiled and acquired from library searches and electronic databases such as PubMed, Google Scholar, Science Direct, and Web of Science. Factual statistical information was obtained from web pages the WHO, NIH, and Mayo Clinic web pages, to name a few. The main purpose of this review paper is to establish the significance and mechanism of action of EOs as a complementary and adjuvant therapy to alleviate and relieve symptoms associated with CNS based disorders, to highlight domains that require further research, and to address the significance and need to develop patient compliant EO-based NANOMEDICINEs for targeted therapy or pharmacotherapy.




2. Methodology


Relevant studies pertaining to the biological activity, mechanism of action at the molecular level, and the neuropharmacology of EOs involved in providing beneficial effects in CNS-based disorders were selected through the application of an algorithm (based on the recommendations of Page et al. [77,78]) that is presented as a flow-chart in Figure 2, indicating the steps/selection criteria followed to obtain necessary material for our review. Literature was obtained from several scientific databases such as PubMed (http://www.ncbi.nlm.nih.gov/pubmed), Google Scholar (http://www.scholar.google.co.in), Elsevier (https://www.elsevier.com/en-in), Science Direct (http://www.sciencedirect.com), Wiley (http://www.onlinelibrary.wiley.com), Springer Link (http://www.springer.co.in), and Scopus (http://www.scopus.com) (Last accessed on 14 December 2021). Literature was also obtained from book chapters and conference proceedings. The search of the different plants, their components, and techniques of extraction was performed by using the keywords such as Syzygium aromaticum, Boswellia sp., lavender oil, Lavandula angustifolia, Cymbopogon citratus, lemongrass oil, Cananga odorata, Ylang Ylang oil, cinnamon oil, Cinnamomum verum, cinnamon essential oil, Eucalyptus globulus, Eucalyptus oil, Mentha piperita, peppermint oil, Rosmarinus officinalis, rosemary oil, Salvia sclarea, sage oil, Santalum paniculatum, sandalwood oil, CNS effects of essential oils, animal testing, molecular mechanism of essential oils, anxiolytic, antidepressant, oxidative, analgesic effects. Scientific names of plants were obtained through Wikipedia (https://en.wikipedia.org/wiki/) and confirmed from The Plant List (http://www.theplantlist.org/) (Last accessed on 12 December 2021). Statistical data were obtained from webpages of the WHO, NIH, and MayoClinic. Preclinical and clinical data between 2003 and 2021 were included in this review. Only publications and book chapters restricted to the English language were reviewed. ChemDraw Professional 20.1.0 was used to authenticate chemical names and to draw figures of chemical structures. Other figures were created using Biorender.com (Last accessed on 14 December 2021).




3. Therapeutic Benefits of Essential Oils


The effects and the mechanism of action of EOs are dependent upon their chemical composition, the molecular structure of the bioactive constituents, as well as the position and stereochemistry of the functional groups within the molecule [79]. EOs offer a multitude of benefits, which have been discussed in subsequent sections. Moreover, due to the large number of constituents present in oils, they possess a wide range of benefits and can be used for the treatment of various disease states. The chemical structures of the bio-active constituents that are described in this paper are illustrated in Figure 3.



3.1. Role in Pain Management


About 84% of old patients suffer chronic pain that is undiagnosable, persistent, and complex. This further leads to a reduction in the quality of life coupled with anxiety and poor sleep. Moreover, 70–85% of the geriatric population suffers from chronic back pain. With respect to women, 25–97% suffer from menstrual pain, while 15% of the female population suffer from severe pain causing impairment in day-to-day activities [67].



According to a review paper by Yang et al., the parts of the brain associated with pain perception include the primary somatosensory cortex, secondary somatosensory cortex, anterior cingulate cortex (ACC), prefrontal cortex (PFC), insular cortex, amygdala, thalamus, cerebellum, and periaqueductal gray (PAG) [68]. Therefore, researchers hypothesized that the analgesic effects associated with certain EOs could be attributed to targeting certain regions of the brain. The constituents that possess analgesic activity, as well as their mechanism of action, are discussed below.



	
Clove Oil






The analgesic and anti-inflammatory effect of clove oil, especially for toothaches, is well documented. The main constituent of clove oil is eugenol, which is highly therapeutic [80,81]. Studies conducted by Chung et al. [82] show that the analgesic effects of eugenol occur through the inhibition of voltage-gated sodium (Na+) and Ca(V) 2.2, 2.3 calcium (Ca2+) channels and currents without the involvement of transient receptor potential cation channel vanilloid 1 (TRPV1). Eugenol also causes the inhibition of pro-inflammatory mediators such as lipoxygenase, interleukin 1β, cyclo-oxygenase, and nitric oxide synthase [83]. Studies conducted by Xu et al. determined that TRPV3, which is a heat sensitive Ca2+ permeable ion channel in the skin, tongue, and nose, is expressed by eugenol [5].



Following the entry into the bloodstream, either through inhalation or massage therapy, the analgesic activity of eugenol on the CNS is attributed to the ability of eugenol to potentiate the GABAA, receptors thereby increasing the affinity of GABA to the receptors, a mechanism observed in benzodiazepines and barbiturates [17,81,84]. Moreover, studies conducted by Bo et al. suggested that eugenol can modulate glutamatergic receptors and inhibits TNF-α [85].



In addition to being analgesic, eugenol is also associated with antioxidant and antidepressant activity, as confirmed by Dhiman et al. [86], who designed and synthesized eugenol-based derivatives, performed in vitro, in silico studies, and tested their MAO (A and B) inhibitory activity as agents for neurological disorders. Radical scavenging activity was also determined using H2O2 and DPPH scavenging methods followed by spectrophotometric titrations. All the synthesized compounds showed significant MAO inhibition through interaction with the MAO active site, as observed through molecular docking studies. Two synthesized compounds showed activity hMAO-A inhibition with IC50 values of 5.989 ± 0.007 µM and 7.348 ± 0.027 µM with a selectivity index of 0.19 and 0.14, respectively, while two other synthesized compounds showed hMAO-B inhibitory activity with IC50 values of 7.494 ± 0.014 µM and 9.183 ± 0.034 µM with a selectivity index of 5.14 and 5.72, respectively, indicating their potential antioxidant activity in antidepressant therapy and neurological disorders [86].



	
Lavender Oil






Due to many bio-active constituents, lavender oil can be used for various functions. According to studies conducted by Pinto et al., the analgesic effect of (-) linalool is attributed to the inhibition of the release of substance P or through antagonistic action on its receptor neurokinin-1 (NK-1) [87]. Moreover, (-) linalool also can cause inhibition of the active field potentials that occur through the antidromic stimulation of the hylus, indicating its ability to activate the voltage-gated Na+ channels in the granular neurons of the hippocampal dentate gyrus [88,89]. It also can modulate neurogenic and inflammatory pain through a reduction in peripheral and central nerve excitability [88]. (-) Linalool is also reported to cause a significant decrease in carrageenin-induced edema and acetic acid-induced writhing. This effect was diminished in the presence of atropine, a muscarinic receptor antagonist, and by naloxone, an opioid receptor antagonist indicating its cholinergic activity. Studies conducted by Peana et al. agree with the demonstrated pharmacological properties of linalool. They confirmed its ability to act as a cholinergic, local anesthetic and causes blockage of NMDA receptors. They also suggested that a key role in its activity is related to the opening of potassium (K+) channels, which possibly occurs due to the stimulation of muscarinic M2, opioid, or dopamine D2 receptors [90,91]. Research conducted by Tashiro et al. on orexin neuron-deficient and orexin peptide-deficient mice subjected to formalin tests showed that orexinergic transmission was essential for linalool odor-induced analgesia, indicating that linalool caused the activation of hypothalamic orexin neurons, which act as critical mediators for processing pain [92]. Other studies conducted indicated that lavender oil was also found to bring about a decrease in ERK1, ERK2, and JNK1 phosphorylation along with iNOS level reduction. Moreover, lavender oil was also found to inhibit the degradation of FAAH (fatty acid amide hydrolase) and MAGL (monoacylglycerol lipase), thereby causing significant antinociception through the elevation of endocannabinoid levels in neuropathic pain models. These enzymes are essential for the synthesis and degradation of endocannabinoids as per the requirements of the body. Inhibition of FAAH and MAGL degradation causes the upregulation of AEA (anandamide) that has been found to be involved in emotion regulation. Figure 4 illustrates the process by which lavender oil exerts its effects on the endocannabinoid system (ECS) [93].




3.2. Role in Anxiety Relief and Stress Management


Anxiety disorders are the most common mental disorders in the United States, affecting approximately 40 million people aged 18 or older. They occur due to many reasons, such as genetics, life events, personality, and brain chemistry. Although treatable, only 36.9% of the population receive treatment. Anxiety disorders include generalized anxiety disorder (GAD), panic disorder (PD), social anxiety disorder, obsessive-compulsive disorder (OCD), stress, post-traumatic stress disorder (PTSD), major depressive disorder, and persistent depressive disorder (PDD) [94]. The current primary treatments for anxiety include psychotherapy such as cognitive-behavioral therapy (CBT), antidepressant drugs, and anti-anxiety medication such as buspirone, benzodiazepines, and ß-blockers, which are associated with a lot of side effects [95]. The essential oils that can be used for anxiety relief and stress reduction include:




	
Frankincense oil








The essential oil of Frankincense contains 147 compounds that attribute to its activity, such as α-pinene, β-pinene, α-thujene, myrcene, sabinene, limonene, para cymene, and β-caryophyllene [7]. An animal model-based study conducted in 2019 by Okano et al. indicated a significant reduction in the levels of stress marker corticosterone and the endogenous antioxidant glutathione when administered in the undiluted and diluted form (1:1000) with jojoba oil, thus indicating the attenuation of induced stress by the essential oil of Frankincense. A decline in non-rapid eye movement and enhancement of wakefulness time was also observed after administering the diluted form. However, upon isolation of significant components, α-pinene and limonene from the oil, a decline in corticosterone levels was not observed, indicating that the constituents of the essential oil work synergistically to produce the anxiolytic effect [8].



	
Lavender oil






As mentioned earlier, the major constituents of lavender oil are believed to exert their effects through interactions with the GABAergic system [11]. Concerning anxiety relief and stress management, a study conducted in 2005 indicated a decline in anxiety, stress, and improved mood following inhalation of the scent of lavender oil [12]. Moreover, a 2012 study on postpartum women indicated that aromatherapy using lavender oil for 15 min twice a week for four weeks lowered anxiety levels and caused a decline in depression levels [13]. In 2015, an improvement in sleep, energy, and vibrancy was noted in students who suffered from sleep deprivation and inhaled the scent of lavender oil before bedtime [14]. Another research group also observed this sleep-promoting effect in 2015 [15]. In 2018, geriatric populations with enhanced duration and sleep quality followed aromatherapy involving lavender oil [16]. Taken together, these studies further confirm the exertion of the oil’s anxiolytic effect through interactions with the GABAergic system.



	
Lemongrass oil






The major constituents of the oil are citral (a mixture of niral and geranial) and β-myrcene [2,19]. An animal model study conducted in 2011 determined that the anxiolytic activity of lemongrass oil at a dose of 10 mg/kg (p.o) possibly occurs through interaction with the GABA receptor–benzodiazepine complex as the effect of lemongrass oil was inhibited by flumazenil, a competitive antagonist of benzodiazepines [20,21]. Moreover, in a study conducted in 2015, the aroma of lemongrass (from three to six drops) brought about a significant decline in stress and anxiety in subjects [22]. Similar to lavender oil, lemongrass oil is believed to exert its effect through interactions with the GABAergic system [2].




3.3. Role in Depression Management


According to the NIH, depression is a prevalent mental disorder and can occur due to genetic, biological, environmental, and psychological factors or a combination of these factors. Treatments include a form of psychotherapy such as electroconvulsive therapy (ECT) and antidepressants [96]. The complications associated with depression include weight gain, social isolation, self-mutilation, pain, alcohol and drug abuse [97]. Essential oils that can use for mood improvement and symptom alleviation of depression include:




	
Ylang ylang oil








This essential oil consists of approximately 150 identified compounds. However, the mood adjustment and relaxation effect provided have been attributed to β-caryophyllene, benzyl benzoate, linalool, and benzyl alcohol in the oil [23,24]. In 2013, the impact of ylang-ylang EO was studied on 15 healthy men wherein three drops of the oil were added to a warm water lamp maintained at 90 °C in an enclosed space. After 60 min of exposure, the subjects’ heart rate and blood pressure levels decreased along with a simultaneous decline in the activation of the autonomic nervous system (ANS) [25]. In 2018, a study showed that inhalation of ylang ylang essential oil by anxious mice caused a decline in CREB and Fos-c in the hippocampus, decreased plasma corticosterone, and altered blood serotonin metabolism [26]. In 2016, the mechanism behind the anxiolytic and mood adjusting effect was identified to occur through effects on the serotoninergic (5-HT) and dopaminergic pathways (DA) and was attributed to the presence of benzyl benzoate in the oil [24]. Moreover, its major constituent, β-caryophyllene, is also associated with anti-inflammatory, anticancer, neuroprotective, antioxidant, and mood-adjusting effects [98,99,100]. Studies have indicated that the mood adjusting effects of ylang ylang oil occur due to the direct binding of β-caryophyllene to CB2R receptors located on several organs, which cause the modulation of ECS activity, thereby controlling responses (both cognitive and emotional) to stressors through ECS interactions [28]. The ability of β-caryophyllene to modulate various pathways and possess multiple benefits through the CB2R receptor has been illustrated in Figure 5. β-caryophyllene has been found to hinder metastasis, cause a reduction in oncogene and protein expression of cancer cells while upregulating genes and proteins that destroy cancer cells through the modulation of pathways such as MAPK, PI3K, AKT, mTOR, S6K1, and STAT3. Therefore, its use is suggested for kidney, lung, oral, liver, lymphoma, and neuroblastoma cancers due to its chemo preventive activity [93]. β-caryophyllene when administered orally, has been found to inhibit CD14/TLR4/MD2 toll-like receptor complex that is responsible for the production of pro-inflammatory cytokines, such as IL-1β, IL-8, IL-6, and TNF-α, while also causing the synergy of μ-opioid receptor pathways [101,102]. Moreover, it has also been attributed to modulating pain signaling pathways in a synergistic manner with other analgesic substances [103]. Figure 5 illustrates the various pathways affected through interaction with the ECS.



	
Cinnamon oil






The oil consists of 15 identified compounds, and the principal component (65–85%) is trans-cinnamaldehyde which is responsible for the mood adjustment effect of the oil. Antidepressant effects in albino male mice were observed following intraperitoneal (i.p) injection (3 in 24 h/1 per day for 14 days) using doses of 0.5, 1, and 2 mg/kg [29]. The mechanism of this effect remains unknown. However, in 2016, another group of researchers suggested the downregulation of nitric oxide synthase, cyclo-oxygenase 2 (COX-2), and TNF-α, and suppressing neuroinflammation and NF-κB and p53 in activated B-cells was responsible for the antidepressant effect observed [30]. In contrast, Iwasaki et al. (2008) showed that intravenous (IV) administration of TCAs caused an upregulation of adrenaline secretion through adrenal sympathetic nerves along with the activation of sensory nerves that express thermosensitive transient receptor potential channels A1, thus being beneficial in monoamine-associated depressive disorders where a decline in adrenaline level is observed [31]. Therefore, further research to determine the mechanism by which cinnamon oil exerts its antidepressant effect is needed.




3.4. Role in Memory Retention, Neuroprotection, and Alzheimer’s Disease Management


Disruption of daily life due to memory loss could be an early sign of dementia or Alzheimer’s disease. Patients diagnosed with Alzheimer’s find it difficult to perform daily tasks and lose track of dates, seasons, important events, and time. Due to progressive memory loss that occurs over time, patients find it difficult to remember. Causes of Alzheimer’s disease are poorly understood. The disease is associated with the presence of amyloid plaques, neurofibrillary tangles, and loss of neural connections in the brain [104,105]. Several EOs have been found to be beneficial for symptom reduction and disease treatment of Alzheimer’s disease through various mechanisms such as acetylcholinesterase inhibition illustrated in Figure 6, nicotinic/GABAA receptor interactions, etc. These EOs and the mechanisms by which they cause Alzheimer’s disease symptom alleviation are discussed below:




	
Eucalyptus oil








The leaves’ major constituents responsible for its CNS activities are 1,8-cineole (Eucalyptol) and α-pinene [33]. Eucalyptol is a monoterpenoid, is the major component (90%) of eucalyptus oil, and is well known to provide an anti-inflammatory, mucolytic, and spasmolytic effect on the respiratory tract, thus aiding to relieve inflammatory diseases such as asthma and chronic obstructive pulmonary disease (COPD) [34]. Another component of eucalyptus oil is α-pinene, which exists as a racemic mixture. Besides exerting anti-inflammatory [35] and antimicrobial effects [36], it exerts an inhibitory effect on acetylcholinesterase (AChEI), the enzyme responsible for the breakdown of the neurotransmitter acetylcholine into choline and acetate [37], the results of which leads to enhanced levels and duration of acetylcholine in the CNS, thereby aiding memory as shown in Figure 6 [35]. The acetylcholinesterase inhibitory effect and mechanism of action of α-pinene is therefore beneficial for the prevention and progression of neurodegenerative disease such as Alzheimer’s disease, which is associated with a decline in levels of acetylcholine due to cholinergic neuron deterioration, which results in memory loss-an important characteristic of the neurodegenerative disease [1].



	
Peppermint oil






The oil contains 26 identified volatile compounds, most of which are oxygenated monoterpenes such as menthol and iso-menthone [2,39]. Others include limonene, cineole, menthofuran, menthyl acetate, isoeugenol, pulegone, and carvone [40]. Umezu et al., in 2012, determined the CNS stimulant activity of peppermint oil using a discrete shuttle-type conditioned avoidance task in mice [41]. Similarly, a study conducted by Kennedy et al. in 2018 indicated that the improvement in mood effects and cognitive tasks and decline in mental fatigue in individuals administered with 100 µL of peppermint oil occur through nicotinic/GABAA receptor binding and acetylcholinesterase inhibition (Figure 6) [42]. It also possesses an antioxidant effect, increases glutathione, and prevents oxidative stress. When administered at a lower dose (100 mg/kg s.c), improvement in spatial working memory was observed in mice, while at a higher dose, a decline of malondialdehyde (a lipid peroxidation product) occurs in aged and ß-amyloid treated mice, thus improving cognitive function. When administered in mice for ten days, an improvement in spatial learning and memory along with the reversal of amnesia upon treatment with ß-amyloid was observed, proving its benefits in preventing Alzheimer’s disease and memory [43].



	
Rosemary oil






The oil contains more than 16 identified compounds, majorly being camphor, cineole, α-pinene, camphene, and α-terpineol [2,46]. Besides possessing anxiolytic properties, rosemary oil also aids in memory, mood, and cognitive functions. In 2017, the inhalation of rosemary oil by mice increased dopamine levels while decreasing immobility time and serum corticosterone levels. The mechanism behind the effects occurred through intracellular modulation of acetylcholine, choline, and Gap43 gene expression levels. Moreover, rosemary oil was found to affect the stress response system through the nerve growth factor (NGF) pathway and the hypothalamus–pituitary–adrenal axis, thus bringing about dopamine activation (DAergic system activation) secretion. The authors attributed this effect to α-pinene, a known anxiolytic [47]. Rosemary oil also offers antioxidant-mediated neuronal protection against brain inflammation and ß-amyloid plaques observed in Alzheimer’s disease [48].



	
Sage oil






Sage oil contains camphor, α-thujone, 1–8, cineole, viridiflorol, β-thujone, β-caryophyllene, and 49 other constituents [2,51]. A study conducted in 2014 showed that sage oil could modulate retrospective memory, attention, and mood [52] by acting as an acetylcholinesterase inhibitor. Sage oil also acts as a powerful antioxidant, enhances antioxidant defense systems, and prevents lipid oxidation, beneficial for induced acquisition and memory deficits observed in diabetic patients [53]. Moreover, it has shown beneficial effects on patients with mild to moderate Alzheimer’s disease. After four months of usage of sage oil (fixed dosage 60 drops/day), patients showed improved cognitive function [54].



	
Sandalwood oil






Sandalwood oil consists mainly of tricyclic α-santalol and β-santalol [56]. A study conducted in 2020 by Younis et al. showed that sandalwood essential oil improved neurological deficits decreased oxidative stress and inflammatory cascade in mice subjected to middle cerebral artery occlusion surgery (MCAO) [57]. The methanolic extracts of sandalwood administered to albino mice showed acetylcholinesterase inhibitory effect along with α, α-diphenyl-β-picrylhydrazyl (DPPH) superoxide radical free scavenging activities, thus proving beneficial to prevent the progression of dementia and loss of memory in Alzheimer’s patients [58,59]. A 2016 study on 32 humans showed a reduction in blood pressure and salivary cortisol levels, indicating its benefits in stress reduction as well [60].





4. Essential-Oil-Based Nanomedicines/Pharmacotherapy


The major requirement of any therapeutic targeting the CNS is to cross the blood–brain barrier (BBB), which protects the brain from circulating toxins and pathogens and controls the transport of serum factors and vital nutrients [106]. Lipophilic drug molecules of molecular weight between 400 and 600 Daltons (Da) have facile entry through the BBB through passive diffusion or solubilization in the lipid bilayer of the endothelial cell membrane. This, unfortunately, allows for the administration of only a handful of drug moieties [107].



The advent of nanotechnology, which focuses on the development of particles whose sizes are less than 100 nanometers, is promising and can provide solutions for targeted drug delivery to the CNS and the crossing of the BBB. Researchers successfully coupled therapeutic agents along with polymer NP’s, liposomes, and micelles in the past decade. However, owing to their inability to provide for neuronal repair and regeneration as well as the failure to completely penetrate the BBB, novel advanced nano delivery systems such as dendrimers, nano gels, nanosuspensions, nanotubes, etc., have been developed, which utilize functionalized nanomaterial that allows for enhanced drug delivery via endocytosis and transcytosis [108]. These novel technologies and their therapeutic applications are described below:




	
Dendrimers








These comprise a 3D structure containing an initial core, multiple internal layers, repetitive units, and several active terminal surface groups [109]. The increase in dendrimer branches is dependent on the intensity of dendrimer generation [110]. As a result, dendrimers offer properties such as low dispersion and high performance [111]. Due to the presence of many surface groups and a hydrophobic core, a large dose/concentration of drugs/imaging agents can be loaded onto dendrimers [112]. The stages pertinent to the coupling of ligands to dendrimers for therapy are as follows:



Stage 1: Modification of dendrimers with distance or surface linkages to enhance biocompatibility and pharmacokinetic parameters pertaining to drug release [113].



Stage 2: Drug/ligands coupled to the dendrimer undergo structural modifications to improve BBB penetration or tumor targeting and drug delivery [114,115].



Stage 3: Complex biological junctions are formed by modified dendrimers used in drug or gene therapy [116,117].



Stage 4: Covalent coupling of imaging agents to dendrimers to allow for imaging and in vivo diagnostics [114,115].



Sharma et al. developed, through click chemistry, facile neuroinflammation targeting PEG-based dendrimer (PEGOL-60) and showcased its efficient penetration into the brain and glial targeting through achieving at low generation, a high hydroxyl surface density. Systemic administration of PEGOL-60 targeted activated microglia and macrophages at the site of injury in various animal models of cerebral palsy, glioblastoma, and age-related macular degeneration indicating facile drug delivery and penetration through the brain [118].



	
Nanogels






These constitute a network of polymers in the nanoscale, which form ionic and non-ionic chains such as polyethylene amine (PEA) and polyethylene glycol (PEG) [119]. They possess a 40–60% drug loading capability, which is not possible with other nanocarrier systems. The utilization of hydrogel-based nanoparticles has gained significance owing to the simultaneous possession of both hydrogel and nanoparticle characteristics [120].



Surface modification of the nanogels with transferrin and insulin renders an enhanced distribution through the BBB [121]. In vivo studies performed indicate that oligonucleotide delivery to the brain is enhanced along with the decreased absorption by the spleen and liver when nanogels are used [122]. As a result, nanogels have proven to be very promising candidates in the delivery of drugs to the CNS [120]. Azadi et al. developed an anticancer drug methotrexate-based nanogel formulation. They observed that the following injection into the bloodstream and subsequent binding to apolipoproteins, nanogel molecules were attached to the endothelial cells of brain capillaries which further diffused into the endothelial cells through endocytosis [123]. Similar results were obtained by Gulyaev et al. when studying the transportation of doxorubicin using polysorbate 80 coated nanoparticles [124].



	
Carbon nanotubes (CNTs)






These comprise carbon-based cylindrical nanostructures and possess multiple layers of carbon; thus, they are characterized as either single-wall or multiwall CNTs [125]. Over the years, unmodified and modified CNTs have been evaluated for their therapeutic efficiency [126,127]. The permeability of amino-functioned single-walled CNTs using a scanning electron microscope in an animal model was studied by Kafa et al. and showed an enhanced accumulation in the brain tissue and increased astrocyte uptake. A notable observation was that of decreased permeability to the brain with temperature elevation indicating a drug delivery mechanism that is energy-dependent [128].



Aziz et al., in 2019, via spontaneous emulsification, developed an optimized nano emulsion system containing eucalyptus micelles using surfactants such as Tween 40, 60, and 80 and concentrations between 3 and 18% wt. They were further characterized for their thermodynamic stability, particle size, pH, morphology, and viscosity. The studies revealed that utilization of Tween 40 at surfactant concentration of 9 wt. % provided the best results. In vivo transdermal application of these micellar nanoparticles (100 mg/kg) on rats’ fore and hind limbs provided central and peripheral analgesic effects noted through a prolonged pain response at 40.75 s. Versus the application of pure Eucalyptus EO (500 mg/kg), which provided a response time of 34.5 s when rats were placed on a 55 °C hot plate (heat stimulus) [129].



Scuteri et al. developed a cream-based formulation using a solid lipid nanoparticulate delivery system with bergamot EO. Bergamot is known to possess strong antinociceptive and anti-allodynic properties. The developed nanoparticle formulation provides stability of the titrated bergamot components, was studied for its in vivo analgesic effects, is devoid of smell, and is currently under patent consideration for use in agitation control in patients diagnosed with severe dementia [130]. Taken together, the coupling of essential oils with nanocarriers is promising and could provide breakthrough solutions for the treatment of neurological disorders.




5. EO Therapy: Challenges and Research Gaps


	
Lack of sufficient information pertaining to utility and dosage






Although EOs offer multiple benefits, modern approaches for disease treatment and symptomatic relief revolve around the use of synthetic chemicals associated with adverse effects such as nausea, drowsiness, stomach irritation, etc., to name a few [131]. As a result, some patients and clinicians then turn to use natural products whose benefits are well-known, such as the antibacterial action of turmeric, the analgesic effect of clove oil, etc., [132]. The use of natural products for therapy is a form of alternative medicine that has expanded over the years. However, even though some EOs have been traditionally used for the treatment of various ailments and can target various organs of the body inclusive of the CNS, clinician, and patient utilization so far, is predominantly limited to external applications of oils, aromatherapy, and spa treatment for muscular pain or stress relief [132]. This then renders the pharmacological action of EOs and their applicability for disease treatment an incompletely explored domain. For instance, a recent paper published in 2021 indicated that some constituents of EOs had the ability to cause maternal toxicity, abortions, teratogenicity, and embryo-fetotoxicity [133]. Therefore, the use of EOs in various disease models and patient types (gender differences, geriatrics, pediatrics, disease models, pregnancy, etc.) needs further development and investigation to be considered as a bona fide alternative for disease treatment.



	
Patient Acceptability of EOs






A study conducted by Conlon et al. pertaining to the acceptability of EOs in pediatrics and other practices revealed that some patients had negative comments on the use of EOs for therapy, such as allergic reactions (e.g., sneezing, tearing of eyes, as well as difficulty remembering the indications and usage of each oil). Moreover, since some oils are unpleasant in aroma, and patients revealed that they preferred using a combination of EOs with a pleasant fragrance as compared to a single oil with an unpleasant aroma. The study thus highlighted the need for accommodation of individual preferences to improve patient acceptability of EOs in therapeutics [134].



With respect to the use of EO-based nanoparticles for pharmacotherapy, safety is an important concern. Although a majority of EOs has been deemed as GRAS (generally regarded as safe), Refs. [135,136] controversial data were obtained that need further investigation. Lalko and Api tested skin irritancy of EOs and their isolated constituents as topical formulations on 8–12-week CBA/Ca female mice using five concentrations ranging from 2.5 to 50% w/v in 1:3 ethanol: diethyl phthalate. They observed a dose-dependent sensitization upon exposure and contact with the oils and their constituents, particularly oils that contained citral, eugenol, and geraniol. However, unexpectedly, even though basil oil majorly consists of linalool and eugenol, it produced a higher EC3 (estimated concentration) value. Unexpected results were also obtained for citronella oil and geranium oil that produced a low level of sensitization considering their high geraniol content [137]. Similar results were obtained by Opdyke in 1976. Opdyke reported sensitization was brought about by cinnamic aldehyde, phenylacetaldehyde, and citral. However, again unexpectedly, EOs that contained significant concentrations of these constituents did not induce sensitization, indicating that other component(s) were responsible for sensitization. To test this hypothesis, mixtures containing aldehydes, terpenes, and alcohols were tested. These mixtures showed no induction of sensitivity, while that of individual aldehydes produced sensitivity. This concept of masking the sensitizing reaction was termed as ‘quenching’ and was incorporated into risk management strategies for contact allergy [138]. Over the years, the phenomenon of quenching was tested. However, conflicting results were by several research groups. For instance, carvone, a fragrant ingredient and a well-known sensitizer (mechanism for antigen formation is described) [139], was found to be inhibited by structural and non-structural analogs in guinea pigs [140,141]. On the other hand, studies on guinea pigs revealed no quenching of cinnamic aldehyde and citral [142]. As a result, due to conflicting data and the lack of conclusive evidence to explain the mechanism of quenching, it has been replaced as a basis for risk management of contact allergy of certain fragrances. For example, the standard pertaining to cinnamic aldehyde according to the International Fragrance Association (IFRA) was revised to limit usage based on its NOEL (maximum tested no observed effect level) [137].



It is also worth noting that the contact sensitization of EOs containing known sensitizers such as limonene and linalool was found to be dependent on the oxidation state of these components. Upon auto-oxidation, both components were found to form products that cause that have the potential to cause allergies [137]. Therefore, further studies to develop analytical approaches for understanding oxidation processes and prevention strategies are warranted and are a valuable future objective for the development of safer therapeutics.



	
Sustainability






The recent decade has witnessed several efforts to lower environmental pollution through the synthesis of compounds using ‘green chemistry’ [135]. As EOs are naturally occurring and are thus ‘greener’ as compared to organic solvents, their utilization as a substitute of organic solvents used in the preparation of nanocapsules [143] and metallic nanoparticle [144] synthesis has been studied. Efforts have also been made for the development of greener EO extraction methods with minimum or lack of solvent and energy utilization to obtain high-grade and high-quality EOs [145]. Because EOs show little to no toxicity and have high potential as CNS-based therapeutics, the development and utilization of high throughput, high yielding, greener techniques for EO-based CNS therapeutics synthesis and development seems promising, especially for pharmaceuticals for aiding in balancing investments involved in the development and implementation of sustainable alternatives [146,147].




6. Discussion


EOs are complex, volatile mixtures that comprise several low molecular weight constituents such as monoterpenes and sesquiterpenes that are biologically active. While sometimes the major active constituent is responsible for the activity of EO, several EOs possess many other constituents that provide a wide variety of benefits. Moreover, in some instances, an enhancement in biological activity (synergy) is observed in EOs comprising of multiple constituents as compared to when these constituents are isolated. These EOs warrant attention because their significance and utilization as healing systems have been well-established throughout history.



The aforementioned studies suggest that EOs act directly and indirectly on the CNS through targeting various receptors and pathways. Thus, they can be used for the treatment and symptomatic reduction of multiple disease states. For instance, direct-acting EOs containing β-caryophyllene have been found to modulate immune function and inflammatory responses through the regulation of immune cells expressing CB2R such as dendritic cells, macrophages, eosinophils, etc., which is further relevant and plays a critical role in alleviating the dysfunctionalities characteristic of inflammatory conditions such as cancer and neurodegenerative diseases [148,149]. EOs have also been found to assist in the co-operative working CB2R and CB1R, which further aids in alleviating symptoms associated with neurological diseases [150]. An enhanced MAGL enzymatic activity coupled with upregulation of FAAH has been observed through a post-mortem of patients’ brains with Alzheimer’s disease [151,152]. EOs’ ability to cause neuroprotective action, activation of CB2R through direct binding of β-caryophyllene coupled with their ability to cause downregulation of FAAH and MAGL activity support their use to modulate both the innate immune responses of the brain and the disease progression in Alzheimer’s patients.



Positive benefits have also been observed through AChE inhibition, interactions with the DAergic, nicotinic/GABAA, 5-HT systems, etc. Therefore, harnessing the multiple benefits of EOs through the development of oil blends and targeted therapeutics to modulate CNS activity, directly and indirectly, could aid in the rapid establishment of homeostasis, symptom reduction, disease progression prevention, and cure of CNS-based disorders [153,154,155].



With respect to the routes of administration, preclinical and clinical data obtained suggest that following olfactory and oral administration of EOs, activation or inhibition of certain components or areas of the brain is related to the olfactory receptors, which is a very fascinating fact since these receptors are expressed not only on the outside the nasal cavity but also in various organs such as the GI tract, lungs, kidney, and heart [100,156].



Although the challenges pertaining to the development of novel EO-based therapeutics require consideration, due to the growing number of patients affected by neurological diseases, researchers should work towards ensuring significant advancements in the field of nanotechnology, which can finally culminate into the development of effective EO-based targeted therapeutics, thus saving millions of lives, and improving the quality of life of patients affected with these unfortunate diseases.




7. Conclusions


The constituents of essential oils synergistically exert their effects to produce a diverse range of pharmacological and physiological effects. The mechanism of action of these constituents and the various systems affected has been identified through the research conducted on animal models and humans over the years. Substantial evidence through preclinical and clinical data has been obtained proving the influence of essential oils on the sympathetic nervous system and neurotransmitter systems such as DAergic, GABAergic, and serotoninergic systems. However, as described, the mechanism of action of some essential oils on the CNS is yet to be elucidated.



The ability of essential oils to produce a wide range of therapeutic effects through action on various neural pathways and their low potential to cause adverse reactions makes them ideal candidates for therapy of CNS-based disorders. The development of proper models for biological activity analysis coupled with further research on the binding, synergy of constituents, and stability of the complex formed between CNS receptors and essential oils would thus assist in paving the way for the successful development of EO-based medications and EO-based targeted therapy nanomedicines.
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Figure 1. Biological effects of essential oils on the CNS through activation of various components of the brain. Created using Biorender.com. (Last accessed on 14 December 2021). 
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Figure 2. Flow chart presenting the selection protocol followed for the inclusion of published data into the present paper. 
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Figure 3. Chemical structures of bio-active constituents present in EOs acting on the CNS. Created using ChemDraw 20.1.0. URL: https://perkinelmerinformatics.com/products/research/chemdraw/ (accessed on 14 December 2021). 
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Figure 4. Ability of lavender oil to inhibit the degradation of FAAH and MAGL, thereby increasing levels of AEA and AG, which assist in mood elevation and analgesic effects. Created using Biorender.com. (Last accessed on 14 December 2021). 
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Figure 5. Interaction of EOs with the ECS leads to the modulation of several pathways. Created using Biorender.com. (Last accessed on 14 December 2021). 
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Figure 6. Ability of EOs to inhibit acetylcholinesterase (AChE), thereby increasing levels and duration of acetylcholine in the brain and assisting with memory retention. Created using Biorender.com. (Last accessed on 14 December 2021). 
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Table 1. Summary of the active constituents, extraction technique, effective doses, biological activity, and uses of EOs targeting the CNS.






Table 1. Summary of the active constituents, extraction technique, effective doses, biological activity, and uses of EOs targeting the CNS.





	Plant/Source
	Active

Constituents (>20%)
	Extraction Method
	Effective Dose/Preparation Technique
	Biological

Activity
	Uses
	References





	Syzygium aromaticum
	Eugenol (76.8%)
	Water or steam distillation of the buds, stem, and leaves of clove tree
	50/100/200 mg/kg of aqueous extract/ethanolic extract of clove oil. Aqueous extract showed better results
	GABAA receptor agonist
	Analgesic
	[4,5,6]



	Boswellia sacra,

Boswellia frereana
	α-Pinene (2–64.7%),

α-thujene (0.3–52.4%),

myrcene (1.1–22.4%),

limonene (1.3–20.4%)
	Hardened aromatic gum resins obtained from the tree
	50 μL in a 1:1000 dilution with jojoba oil on the nape of neck for 5 h with hourly intervals
	Undetermined, believed to occur due to the synergistic effect of constituents
	Anxiolytic and stress relief
	[2,7,8,9]



	Lavandula angustifolia
	Linalyl acetate (7.4–44.2%),

linalool 11.4–46.7%)
	Steam distillation of flowers
	80 mg of standardized product (Silexan available in Germany) containing 36.8% of linalool and 34.2% linalyl acetate

160 mg/day for 8 weeks
	GABAergic system interaction

Antagonist of NK-1 receptor inhibiting release of substance P reduces peripheral and central nerve excitability

Inhibition of voltage-gated calcium channels, reduction of 5-HT1A receptor activity, and increased parasympathetic tone
	Anxiolytic, stress relief, mood enhancement, analgesic, and pain relief
	[10,11,12,13,14,15,16,17,18]



	Cymbopogon citratus
	Citral (26.1%), neral (31.5%)
	Steam distillation of fresh or partially dried grass
	1–10 mg/kg per day for 14 days
	GABAergic system interaction
	Anxiolytic, stress relief, and mood enhancement
	[19,20,21,22]



	Cananga odorata
	β-Caryophyllene (26.8%)
	Stem distillation of the flowers
	1% v/v of ylang ylang oil for 10 min.

25/50/100 mg/kg of β-Caryophyllene was injected intraperitoneally
	Activation of ANS and has effects on the 5-HT and DAergic system

Direct binding onto CB2R receptor
	Mood adjustment, relaxation, and antidepressant activity
	[23,24,25,26,27,28]



	Cinnamomum verum
	Trans-cinnamaldehyde (71.50%)
	Brown bark
	0.5–2 mg/kg body weight three times a day or once daily for 14 days
	Undetermined
	Mood elevation and antidepressant action
	[29,30,31,32]



	Eucalyptus globulus
	1,8-cineole (49.07–83.59%), α-pinene (1.27–26.35%)
	Steam distillation of the leaves
	3% v/v dissolved in almond oil, 30 min daily for 3 days
	Acetylcholinesterase inhibition
	Anti-inflammatory, improves memory, and improves symptoms of Alzheimer’s disease
	[33,34,35,36,37,38]



	Mentha piperita
	Menthol (40.7%), iso-menthone (23.4%)
	Stem distillation of the leaves
	4 drops of oil in a diffuser pad followed by 5 min of inhalation

2500 µL capsules containing 50–100 µL of peppermint oil in vegetable oil
	Binds to the nicotinic/GABAA receptor and inhibits acetylcholinesterase
	CNS stimulation, antioxidant, and memory retention
	[39,40,41,42,43,44,45]



	Rosmarinus officinalis
	p-Cymene (44.02%),

linalool (20.5%)

1,8-cineole (26.54%),

α-pinene (20.14%),
	Hydro distillation of the aerial parts
	4 drops of oil in a diffuser pad followed by 5 min of inhalation
	Improves DA activation and secretion
	Anxiolytic, improves mood and cognitive function
	[46,47,48,49,50]



	Salvia sclarea
	Camphor (12.8–21.4%), α-thujone (17.2–27.4%), 1–8, cineole (11.9–26.9%),
	Hydro distillation of the aerial parts
	5 drops of EO in 5 mL of water along with an aroma stone
	Acetylcholinesterase inhibition
	Improves memory, mood, attention and is beneficial for mild to moderate severity of Alzheimer’s disease
	[51,52,53,54,55]



	Santalum paniculatum
	α-santalol (34.5–40.4%) and β-santalol (16–24.10%)
	Steam distillation of the heartwood and roots
	1 g/kg body weight of sandalwood oil in 5% Tween 80 in saline for a week
	Acetylcholinesterase inhibition
	Improves memory, prevents dementia, beneficial in Alzheimer’s disease
	[56,57,58,59,60,61,62]
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Table 2. Summary of the preclinical and clinical data pertaining to the CNS activity of EOs.
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Plant/Source

	
Essential Oil

	
Test Subjects/Animal Model

	
Route of Administration Tested

	
Effective Dose/Preparation Technique

	
Experimental Outcome

	
Purpose of Use

	
References






	
Syzygium aromaticum

	
Clove oil

	
90 BALB/male mice (27–32 g)

	
Intraperitoneal injection

	
50,100, and 200 mg/kg of aqueous/ethanolic extract of clove in a final volume of 10 mL/kg

	
Maximal percent effect (MPE) of animals that were tested on hot plate and treated with oil was higher than that of the control group

	
Analgesic

	
[4]




	
Boswellia sacra, Boswellia frereana

	
Frankincense oil

	
Adult male Sprague Dawley sleep-deprived rats

	
Topical application

	
50 μL in a 1:1000 dilution with jojoba oil on the nape of neck for 5 h with hourly intervals

	
Corticosterone and glutathione levels declined, wakefulness time increased, and non-rapid eye movement time declined

	
Antidepressant, mood elevation, anxiolytic, and stress relief

	
[8]




	
Lavandula angustifolia

	
Lavender oil

	
200 pregnant women undergoing cesarean section

	
Olfactory administration

	
2 drops (1% cc) of 2% lavender essence applied with a cotton swab to oxygen face mask, which was used for 3 min, repeated thrice over different time periods

	
Mean Visual Analogue Scale (VAS) decreased significantly, indicating amelioration of pain

	
Analgesic

	
[63]




	
Cymbopogon citratus

	
Lemongrass oil

	
30-day old adult swiss male mice

	
Oral administration

	
Doses of 1, 5, and 10 mg/kg provided as well as repeated dosing for 14 days

	
Anxiolytic effects observed through results obtained in light/dark box test

	
Anxiolytic

	
[20]




	
Cananga odorata

	
Ylang ylang oil

	
29 male participants

	
Olfactory administration

	
Participants placed in a closed room for 60 min that was previously fragranced with ylang ylang oil for 20 min.

	
Decline in systolic and diastolic BP and reduction in heart rate

	
Sedative effect and mood adjustment

	
[25]




	
Male and female mice weighing 25–30 g and 22–25 g, respectively

	
Olfactory administration

	
Stainless steel square inhalation apparatus (65 × 65 × 45 cm) with controllable heater to heat oil/water emulsion containing ylang ylang oil (1% v/v) and benzyl benzoate (2% v/v). Mice placed in chamber for 10 min

	
Male mice experienced more changes in concentration of neurotransmitters than female mice. Decline in DA in striatum and 5-HT concentration in hippocampus and decreased ratio of 5-HIAA/5-HT

	
Anxiolytic effect on male mice

	
[24]




	
Cinnamomum verum

	
Cinnamon oil

	
Male albino mice

	
Intraperitoneal injection

	
0.5–2 mg/kg body weight three times a day or once daily for 14 days

	
Decreased immobility time in forced swim test (FST) and tail suspension test (TST)

Mice treated with 2 mg/kg spent a longer time and showed more entries into the open arms of elevated plus-maze (EPM)

	
Antidepressant and anxiolytic

	
[29]




	
Eucalyptus globulus

	
Eucalyptus oil

	
28 individuals with osteoarthritis that underwent total knee replacement surgery

	
Olfactory administration



	
3% v/v was dissolved in almond oil, placed on 4 × 2 gauze pad, and inhaled for 30 min for 3 consecutive days

	
VAS scores after aromatherapy decreased. Heart rate increased to 0.3+/− 0.6 beats/min on day 1 and decreased to 1.7+/−1.7 beats/min and 0.6+/−1.0 beats/min on days 2 and 3, respectively

	
Analgesic,

lowering BP, stress relief, and anxiolytic

	
[38]




	
Mentha piperita

	
Peppermint oil

	
144 healthy individuals

24 participants (9 male/15 female) (mean age 25.2 years)

	
Olfactory administration

Oral administration

	
4 drops of oil in a diffuser pad followed by 5 min of inhalation

2500 µL capsules containing 50–100 µL of peppermint oil in vegetable oil

	
Enhanced alertness and memory

100 µL dose caused an improvement in rapid visual information processing task (RVIP) performance at 1 h and 3 h post-dose.

Both doses decreased fatigue

	
Memory booster,

modulated performance on cognitive tasks, and decreased mental fatigue

	
[42,45]




	

	
Rosemary oil

	
20 healthy individuals

	
Olfactory administration

	
Inhalation of 10% v/v of the oil for 20 min using an oxygen pump attached to a respiratory mask whose airflow rate is 2 L/min

	
Decreased both powers of alpha1 and alpha2 waves

	
CNS stimulant

	
[64]




	
Rosmarinus officinalis

	
140 healthy individuals

	
Olfactory administration

	
4 drops of oil in a diffuser pad followed by 5 min of inhalation

	
Mood elevation

increased blood pressure, heart rate

Improved mood and enhanced quality of memory

	
Memory enhancer

	
[62]




	
Salvia sclarea

	
Sage oil

	
45 healthy individuals

135 healthy individuals

	
Olfactory administration

Olfactory administration

	
5 drops of EO in 5 mL of water along with an aroma stone

5 drops of EO in 5 mL of water along with an aroma stone

	
Memory enhancement

Improved and enhanced memory and secondary memory

	
Memory enhancement

Memory enhancement

	
[52,65]




	
Santalum paniculatum

	
Sandalwood oil

	
D-galactose mediate oxidative stress-induced Swiss male albino mice (20–30 g)

	
Intraperitoneal administration

	
1 g/kg body weight of sandalwood oil in 5% Tween 80 in saline for a week

	
Oxidative stress status ameliorated in group-administered sandalwood oil. Recovery of GSH, NO levels, catalase, and lipid peroxidation status in liver. Reduction in serum bilirubin, SGOT and SGPT.

	
Antioxidant

	
[59]
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