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Abstract
Anxiety disorders are the most common mental illness in the United States with the 12-month prevalence affecting about 10% of

the adult population. Afflicted individuals typically exhibit both psychiatric and somatic symptoms with the occurrence of generalized
anxiety disorder (GAD) in women being twice that in men.

A variety of prescription medications are used to treat anxiety, depression and other common mental health issues but there

are many issues and limitations associated with these drugs. As a result, growing numbers of healthcare professionals and patients

are actively exploring complementary and alternative medicine (CAM) treatments for anxiety. In particular, essential oils and
aromatherapy are treatment modalities of major and growing importance for the treatment of anxiety, mood-adjustment and
insomnia.

This article discusses the effectiveness and mode of action of lavender oil aromatherapy as an anxiolytic agent. In particular, it

indicates how the centuries-old CAM therapies for treating anxiety and the plethora of anecdotal reports on the anxiolytic actions of
lavender essential oil have now been validated by intense scientific study for over a decade. major and growing importance for the
treatment of anxiety, mood-adjustment and insomnia.
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Introduction
Essential oils have been a mainstay of complementary and alternative medicine (CAM) for centuries and there is a wealth of anecdotal

and traditional information on their effectiveness in a wide variety of therapeutic applications. As has been discussed elsewhere in detail

[1], the essential oil industry and its products is of growing importance to improving health and the overall quality of life for users.
Numerous essential oil formulations are manufactured for aromatherapy and for topical applications such as massage therapy and they
are mostly safe when used as directed.

There is now strong evidence that nocturnal olfactory stimulation, i.e. aromatherapy, may serve as a low-cost concomitant intervention

to improve sleep quality, especially in PTSD sufferers [2]. In fact multiple clinical studies have confirmed the beneficial effects on sleep
provided by aromatherapy, particularly with lavender oil, for a wide spectrum of patients and conditions [3-9]. Since impaired sleep is
frequently an associated occurrence with anxiety, as discussed below, any harmless, low cost and effective therapy that facilitates sleep

is obviously an important facet of CAM therapy. It should be mentioned, however, that the most convenient method of administering
essential oils, including lavender, is aerial diffusion using a diffuser or nebulizer.

Overall, essential oils in CAM are recognized as having minimal side effects when used as directed and for short durations. When used

in a diffuser, essential oils can be used in addition to prescribed medication with no interactions and they have the great advantage that
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they act quickly with no possibility of dependence, tolerance, or withdrawal problems or issues. Nevertheless, as with any CAM therapy, if

a potential user has any questions, a primary care provider or pharmacist should be consulted before using essential oils in conjunction
with prescription medications.
Anxiety

Modern life is stressful and, consequently, most individuals periodically feel a little apprehensive about health and quality of life issues,

marital or family problems, finances and work-related issues. These feelings of anxiety, basically worrying about things, is a mental activity
than can occupy a person’s thoughts from childhood and throughout life. Although the modern obsession with social media improves the
ability to connect with others, there is growing evidence that for both teenagers and adults, this ubiquitous and unceasing connectivity

is increasingly associated with anxiety, depression and other mental health concerns. The most obvious example of this is the effects on
victims of cyber-bullying practiced by school children and teens.

When anxiety, i.e. obsessive worrying, becomes so severe and debilitating that completing even simple and/or mundane tasks is

difficult, then the affected individual may be exhibiting signs of generalized anxiety disorder (GAD). The Appendix indicates common
signs of generalized anxiety disorder and when these symptoms become severe, then help should be sought from a mental healthcare
specialist.

In fact, anxiety disorders are the most common mental illness in the United States (and probably globally), with the 12-month prevalence

affecting about 10% of the adult population (i.e. about 6.8 million adults). Afflicted individuals typically exhibit both psychiatric and

somatic symptoms (see Appendix), with the occurrence of generalized anxiety disorder (GAD) in women being twice that in men [10-

12]. The disorder often starts during adolescence which is understandable given the stresses often experienced during this period in life.
Further, the symptoms of GAD tend to magnify and intensify during stressful periods in life.

When a person is anxiousa, the brain releases neurotransmitters (typically dopamine, serotonin, epinephrine, acetylcholine and

histamine) which put the body into a high state of alert, i.e. they prepare the body for the “fight or flight” response to a perceived threat.
However, some of the neurotransmitters will enter the digestive tract and disrupt the gut microbiome and can result in nausea. As

a result, gastric problems such as nausea and diarrhea are among the most common symptoms of stress and anxiety. The ingress of
neurotransmitters into the gut and their effect on the microbiome, is a common and widely recognized cause of peptic ulcer disease.

Unfortunately, a great many mental health patients face problems in receiving proper treatment. The huge treatment gap has led to

a global mental health crisis, with up to 90% of people with mental health problems in some countries being unable to receive basic
treatment [13]. A survey for the years 2001 - 2005 showed that only 8% of the people with mental illness in China sought professional
help and only 5% of them had received psychiatric treatments [14].
Anxiolytic medications

A variety of prescription medications have been used as anti-depressants as well as treatments for anxiety but many of these

medications have disadvantages, limitations and side-effects. For many years, antidepressants such as benzodiazepines (e.g. Valium,

Ativan and Xanax). were commonly used to treat GAD. Unfortunately, these medications are highly addictive, carry a risk of substance
abuse and if patients become dependent on them, they can develop additional psychological and physical issues as well as experience

severe withdrawal symptoms if they stop taking the medicine. Other antidepressants such as Paxil, Effexor, Prozac, Lexapro and Zoloft
have been prescribed over the years to treat chronic anxiety and panic attacks. As with the benzodiazepines, these medications can cause
numerous side effects, are slow in the onset of action and often are ineffective [15].
a

Note that low levels of serotonin give rise to the symptoms of depression and anxiety. Eating foods such as dairy products and nuts (i.e.

so-called mood foods) that are rich in tryptophan, which acts as a precursor of several neurotransmitters including serotonin, will raise
serotonin levels and reduce anxiety.
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Today’s frequently administered anxiolytic medications include selective serotonin reuptake inhibitorsb (SSRIs), serotonin-

norepinephrine reuptake inhibitorsc (SNRIs) and BuPar (buspironed). Although these medications may be effective in many cases, one

issue with them is the delay in onset of action. It is not uncommon, however, that even when anxiolytic agents are used appropriately,

they may lack efficacy or only be partially effective in controlling symptoms. Many of the problems and issues identified with prescription
medications used to treat depression, anxiety and other common mental health issues are summarized in table 1 [13,15,16].
Lack of efficacy

Delayed onset of action
Risk of habituation

Acquired tolerance for the medication
Potential for abuse

Medication side-effects

Withdrawal syndromes

Table 1: Problems associated with prescription antidepressants and anxiolytics.
Given the problems associated with proper and effective mental healthcare treatment as well as dissatisfaction with available prescription

medications, growing numbers of healthcare professionals and lay people are actively exploring and promoting complementary and
alternative medicines and treatments (CAMs). In particular, essential oils and aromatherapy are treatment modalities of major and

growing importance for the treatment of anxiety, mood-adjustment and insomnia in addition to their antibacterial, anti-inflammatory
and analgesic properties [1,17-19].

Lavender oil aromatherapy and anxiety
The beneficial effects on mental health and relaxation of inhaling lavender oil, commonly known as aromatherapy, with both humans

and their pets have been recognized for centuries [1].

Until comparatively recently, however, most of the reported anxiolytic and relaxational effects associated with essential oils have

been anecdotal but this situation has now changed. One development is the wide availability of efficient, effective and reasonably-priced
nebulizers/diffusers for vaporization of essential oils dispersed in water. Another major development has been the increasing numbers

of scientific and clinical studies on essential oils and aromatherapy reported in the literature every year. One result of this increased
scientific interest and scrutiny is that aromatherapy is recognized as an effective and beneficial complementary therapy for people with
anxiety symptoms.
b

Selective serotonin reuptake inhibitors (SSRIs) are the most commonly prescribed antidepressants to treat the symptoms of moderate to

severe depression and anxiety disorders. They are relatively safe and typically cause fewer side effects than other antidepressants. They
treat depression by increasing serotonin levels in the brain and block the reabsorption (reuptake) of serotonin into neurons.

Serotonin-norepinephrine reuptake Inhibitors (SNRIs), also known as selective serotonin-norepinephrine reuptake Inhibitors (SSNRIs),

c

are effective in treating depression, anxiety disorders and long-term (chronic) pain, especially nerve pain. Their action is to increase levels
of serotonin and norepinephrine in the brain by blocking or delaying their reuptake by neurons.

Buspirone is an anxiolytic that affects chemicals in the brain that may be out of balance for people with anxiety. It is used to treat anxiety

d

disorders or the symptoms of anxiety, such as tension, irritability, fear, dizziness, accelerated heartbeat and other physical symptoms.
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Several years ago, there was a review of 16 randomized controlled clinical trials reported in the literature from 1990 to 2010 on the

use of aromatherapy for people suffering from anxiety or exhibiting anxiety symptoms. Most of the reviewed studies indicated positive
effects in controlling anxiety with no adverse events being reported [20]. These findings were supported by those of another review of
clinical trials studying the anxiolytic effects of lavender ingestion [21]. Likewise, a review [22] of several clinical studies suggested a

positive effect of lavender aromatherapy in reducing women’s anxiety during the first stage of labor. It has also been found that lavender
oil aromatherapy reduced anxiety when administered to women before undergoing breast surgery [23].

Two studies have been performed that evaluated the anti-anxiety properties of a proprietary lavender oil preparation called Silexan

that is taken orally [24,25]. It was found that this lavender oil capsule was equal in effectiveness in alleviating anxiety as lorazepam
(Ativan) and paroxetine (Paxil) in patients with GAD.

The growing body of scientific research reported in the literature clearly indicates that lavender oil aromatherapy has a significant and

well-documented anxiolytic action in patients suffering from anxiety [26]. This evidence-based validation of the safety and effectiveness

of aromatherapy is of growing importance given that the limitations and risks associated with existing pharmacotherapies for treating
anxiety disorders. There is, however, the open question of how lavender oil aromatherapy exerts its anxiolytic effect.

In recent years, there has been a growing trend for medical and dental offices and practices to place aromatherapy diffusers containing

lavender oil within waiting rooms to help alleviate patient anxiety. Since the latter is very common for virtually all patients regardless
of the nature of the proposed treatment and even patient-doctor consultations, elevated blood pressures and anxiety are common

occurrences. Numerous anecdotal reports indicate that this application of lavender oil aromatherapy has a pronounced anxiety-reducing
influence on patients.
Mode of action

Traditionally, lavender oil aromatherapy was believed to be a nonspecific CAM modality that produced anxiolytic effects. Research

studies over the past few years, however, clearly indicate that lavender oil produces its potent anxiolytic effect through inhibition of
voltage-gated calcium channels (VOCCs), reduction of 5-HT serotonin receptore activity and increased parasympathetic tone [27-28].

These effects are now ascribed to the principal components of lavender oil, namely the monoterpene alcohols linalool and (+)-borneol

as well as linalool oxide (the oxidation/biotransformation product of linalool) [20,29-35]. The mechanism of action of essential oils with
regard to curbing anxiety, however, may be determined in part by the pathway through which they act. On the other hand, it should be

noted that most neurological anxiety studies reported in the literature have been performed on rodents and may have limitations when
the experimental findings and conclusions are extended to humans.
Inhalation

After inhalation of lavender, the odor molecules combine with olfactory receptors located on the nasal olfactory epithelium which, in

turn, transmit signals from the olfactory tracts to the olfactory bulbs and then to higher brain areas. It appears that most olfactory sensory
neurons (OSNs) are specifically “tuned” to detect subsets of odorants with related structures. Odorants appear to activate a unique set
of OSNs, usually two or more in combination. The postulated olfactory pathways have been used to explain how a 5 min exposure of

essential oils can work quickly and significantly in mice [36]. Further, in both rats and humans, odor intensity grows systematically with
the concentration, but the effect rapidly decreases due to adaptation. It has been postulated that this is the reason for chronic inhalation
of essential oils not showing a greater effect than acute inhalation [20].

The serotonin receptors, 5-hydroxytryptamine or 5-HT receptors, are a group of G-protein-coupled receptors (G-protein-coupled recep-

e

tors or GPCRs mediate most of the physiological responses to hormones, neurotransmitters and environmental stimulants) found in the
central and peripheral nervous systems. These receptors mediate both excitatory and inhibitory neurotransmissions.
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Research studies indicate that inhalation of lavender oil paralleled the effects of chlordiazepoxidef (CDP) in up‐regulating synthesis

of serotonin in the pre‐frontal cortex of rats. It was also noted that the co‐administration of chlordiazepoxide with lavender oil tended to
augment the effect of CDP on serotonin in the rat pre‐frontal cortex and striatum [28].
Neurotransmitter System

In addition to the olfactory signal pathway, essential oils can be absorbed into the body and then into the blood through absorption by

the lungs and nasal mucosa, with odor molecules being detected in the blood or brain tissues after topical administration and inhalation of

essential oils [16]. This theory has been confirmed by several studies using anosmiag models with mice whose nasal cavities were treated
such that they became anosmic. It was found that although anosmia did not interfere with the anxiolytic effect of lavender essential oil

[37], linalool has no anxiolytic effect in anosmic mice [31]. The latter finding suggests that the anxiolytic effect of linalool is triggered
only by olfactory input whereas the effects of lavender oil might be activated by entering the blood circulation, i.e. anxiolysis involves

neurotransmitters. This indicates that anxiolytic effects do not rely solely on inhalation of essential oils, a finding that gives support to the
efficacy of aroma massage therapy [1].

The neurotransmitters 5-HT, dopamine (DA), glutamic acid and GABA in the limbic systemh are thought to be involved in the regulation

of anxiety, with 5-HT being the most closely related to anxiety although dopamine has an important role in fear response. In particular,
when the aversive/fright response reaction occurs, the dopamine level within the limbic system increases significantly. Likewise, GABA

shows stress-related changes and there appears to be a balance between glutamate and GABA in the central nervous system (CNS).

Many studies have shown that the effects of essential oils on the CNS are related to these neurotransmitters. The anxiolytic effect of

lavender essential oil was closely related to the 5-HT system, notably increasing the level of 5-HT in the rat striatumi and pre-frontal cortex
[28].

The brain-gut connection
Over the past 15 years, the number of research studies performed on the gut microbiome has virtually exploded and one of the most

important findings is the strong connection between gut microbes and brain health. One of the more exciting and certainly very interesting
recent studies has been the finding that in mice, the bacterial species Akkermansia muciniphilia in the gut released higher levels of the
metabolite nicotinamide, a form of vitamin B-3 [38,39]. Interestingly, it was noted that people with ALS (commonly known as Lou Gehrig’s

disease) have different gut microbiomes to those without the disease and the former had less nicotinamide in their cerebrospinal fluid
than the latter. It was postulated that nicotinamide reduced oxidative stress in the nervous system, improved motor function and reduced

the symptoms of ALS. The study supports the idea that ALS is influenced as much by the environment (and presumably diet) as genetics.
It is also known that nicotinamide has a role in neuronal health and that of the central nervous system [40].

Chlordiazepoxide (Librium) is used to treat anxiety and acute alcohol withdrawal as well as to relieve fear and anxiety before surgery

f

through its effect on the brain and central nervous system. Its mechanism of action is thought to be through enhancement of the action of
GABA (gamma-aminobutyric acid), the principal inhibitory neurotransmitter in the mature central nervous system.

g

Anosmia is the term for the total or partial loss of the sense of smell. It may be caused by head injury, infection, blockage of the nose or

the result of chemical and medicinal effects.

The limbic system is a set of brain structures located on top of the brainstem that are involved in many human emotions and motivations,

h

particularly those that are related to survival such as fear and anger. A part of the limbic system is the hippocampus which helps in the

formation and retention of memories,

The cluster of neurons known as the striatum are a critical component of the motor and reward systems, coordinating many aspects of

i

cognition such as action planning, motivation, decision-making and reward-perception.
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There is increasing evidence that gut microbes interact with drugs and may affect both safety and efficacy [41]. A specific example

of this is the use of levodopa (in combination with other drugs) for the treatment of Parkinson’s disease, notably to control tremors
and shakiness. Unfortunately, levodopa works inconsistently and this inconsistent action tentatively has been ascribed to the possible
involvement of gut microbes and their enzymes.

As previously mentioned, the anxiolytic effects of lavender oil may be initiated by entering the blood circulation and these effects are

found regardless of whether administered by oral, intraperitoneal injection or inhalation routes. Further, it was discussed earlier that the

brain releases neurotransmitters into the gut following intake of essential oils with anxiolytic properties. In this context, the recent finding
that serotonin assists bacteria to survive and colonize the gut is interesting and potentially highly significant [42]. These observations
suggest that effective anxiety treatment may rely, at least in part, on the patient having a balanced and healthy gut microbiome. It also

raises the question of whether regular ingestion of prebiotics and probiotics could be a useful adjunct in the prevention and treatment of
GAD.

Conclusion
The centuries-old CAM therapies for treating anxiety and the plethora of anecdotal reports of the anxiolytic actions of lavender

essential oil have now been validated by intense scientific study for over a decade. An important finding was that the benefits of lavender
essential oil, notably its anxiolytic effect, may operate regardless of whether it has been inhaled, ingested orally or applied topically

through massage therapy. Although there is no evidence of any adverse reactions resulting from inhalation of lavender essential oil,
caution should be exercised with regard to oral administration.

Interestingly, it appears that chronic inhalation of essential oils does not exert a superior anxiolytic effect to acute inhalation, but this

may be the result of adaptation or habituation to the undiluted essential oil. Reduced efficacy, however, may not be an issue with lavender
oil distributed aerially with a diffuser. Further, inhalation of lavender essential oil together with water vapor will have a beneficial effect
on the nasal cavities and sinuses.

A final word of caution is that only 100% pure and unadulterated lavender essential oil should be used in a diffuser. Lower cost

essential oils usually contain various solvents and diluents which, as the recent alarming rise in deaths and lung problems related to
vaping show, may have untoward effects on the respiratory and neurological systems.

Appendix

Common signs of anxiety include:
1.

Nausea, indigestion and diarrhea.

3.

Loss of appetite or unnatural hunger.

2.
4.
5.
6.
7.
8.
9.

Stomach cramps.

Irritable bowel syndrome (IBS).
Peptic ulcers.

Constant feelings of worry and tension.

Excessive concern over simple, everyday tasks.

Feeling of constantly being “on edge” or easily startled.
Irritability and mood swings.

10. Inability to relax.

11. Lightheadedness or shortness of breath.
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13. Unrealistic view of problems.
14. Difficulty in concentrating.
15. Perpetual tiredness.

16. Difficulty falling asleep or staying asleep.
17. Frequent headaches.

18. Depression symptoms.

19. Muscle tension, aches and body pains.
20. Trembling or twitching.
21. Difficulty swallowing.
22. Sweating.

23. Frequent urges to urinate and/or have a bowel movement.
24. Panic attacks.

25. Intense separation anxiety.

26. Alcohol and substance abuse.
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