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Abstract

Rosemary oil is one of the more famous essential oils widely used in aroma-
therapy. However, the effects of rosemary oil on the human body, in particular
the nervous system, have not been sufficiently studied. This study investigates
the effects of the inhalation of rosemary oil on test subjects’ feelings, as well as
its effects on various physiological parameters of the nervous system. Twenty
healthy volunteers participated in the experiment. All subjects underwent
autonomic nervous system (ANS) recording. This consisted of measurements of
skin temperature; heart rate; respiratory rate; blood pressure; evaluations of the
subjects’ mood states; and electroencephalography (EEG) recordings in the
pre-, during treatment, and post-rosemary inhalation periods as compared with
control conditions. Our results showed significant increases in blood pressure,
heart rate, and respiratory rate after rosemary oil inhalation. After the inhalation
treatments, subjects were found to have become more active and stated that
they felt “fresher”. The analysis of EEGs showed a reduction in the power of
alphal (8-10.99 Hz) and alpha2 (11-12.99 Hz) waves. Moreover, an increment
in the beta wave (13-30 Hz) power was observed in the anterior region of the
brain. These results confirm the stimulatory effects of rosemary oil and provide
supporting evidence that brain wave activity, autonomic nervous system activity,
as well as mood states are all affected by the inhalation of the rosemary oil.
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Introduction

Approximately 400 types of essential oils are currently available for therapeutic and clinical
uses. They can be applied to a subject in order to induce relaxation or to reduce specific
symptoms. Rosemary, scientifically labeled as Rosmarinus officinalis L., is a small
perennial shrub of the mint family. Rosemary oil is essentially the extract of a small light
blue flower along the with extract from the leaves to yield the fragrance of the essential oil,
which is sometimes used as an ingredient in perfumes as well as for a food flavoring.
Rosemary oil has a powerful, refreshing herbal smell with the appearance of clear water
and a viscous texture [1]. Rosemary oil has been shown to be beneficial in the treatment of
certain medical problems such as acne, baldness, rheumatic pain, and circulatory
blockages. In addition, rosemary oil has a pronounced action on the brain and central
nervous system (CNS) and is a powerful tool in helping to clear the mind and for
increasing mental awareness. It has also been shown to possess excellent brain-
stimulating properties as well as an aid for memory improvement [2]. The main chemical
components of rosemary oil are a-pinene, camphor, and 1,8-cineole. The general
properties of these substances include carminative, aromatic, antispasmodic, anti-
depressant, antimicrobial, astringent, and stimulatory actions [3].

Numerous extensive studies have been done on the effects of rosemary oil. In vitro studies
with 1,8-cineole have been reported to have shown a stimulatory effect on the cerebral
cortex of rats [4]. It has been found that after exposure to 0.5 ml of rosemary oil for a
period of 1 hour, the locomotive activity of mice was increased [5]. Furthermore, Graham
et al. explored the influence of rosemary on the behavior of dogs and found that the
diffusion of rosemary into the dogs' environment significantly encouraged the dogs to
stand and move about significantly more when compared to exposure to other types of
odoriferous substances [6]. The stimulatory effects can also be observed in human
subjects. A group of 35 volunteers, after having been massaged with rosemary oil, showed
an increase in the measurements of their blood pressures and breathing rates. At the
same time, they were observed to be more attentive, more alert, and cheerful [7]. In
addition, the electroencephalography (EEG) recordings showed a significant decrease in
the power of the alpha (8-12 Hz) waves over the bilateral mid-frontal regions [8]. These
findings, therefore, suggest that the decreased alpha power may be related to the
increased level of alertness. However, brain wave changes in this experiment were
measured in a small area by choosing only four electrodes over the frontal and parietal
brain regions. There are other brain areas that have been reported to be involved from
essential oil inhalation as well. This is the temporal area and it is associated with emotions

[9]

Presently, the effects of rosemary oil inhalation on the autonomic nervous system (ANS)
and people’s emotional state have not been properly studied. Although, a previous study
has demonstrated alterations in ANS parameters after the transdermal administration of
rosemary oil in humans [7]. However, there is still a lack of studies on the effects of
rosemary oil on nervous system functions via inhalation. Many studies support that the
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mode of administration of chemicals could make a significant difference in terms of the
level of the response. Take for example, the inhalation of methyl salicylate causes
hypertension and convulsions; however, topical application of methyl salicylate reduces
blood pressure due to the confinement of the local effects [10]. a-Santalol, the main
constituent in East Indian Sandalwood, induces alertness after administration through
inhalation. However, it reduces physiological arousal after being administered trans-
dermally via body massage [11]. Our present study focuses on the effects of rosemary oll
inhalation on the human nervous system. We are the first to examine the effects of
rosemary inhalation on the nervous system focusing on aspects such as brain wave
activity and ANS parameters which include: heart rate, blood pressure, respiratory rate,
and skin temperature, as well as the assessment of mood states through comparative
measures.

Results and Discussion

In this study, we examined the effects of rosemary oil inhalation on the human nervous
system. Brain electrical activity and ANS parameters (blood pressure, heart rate,
respiratory rate, and skin temperature) were recorded as the indicators of the arousal level
of the nervous system. We also studied the effects of rosemary oil on moods by
performing subjective self-evaluation in order to assess the arousal levels.

Tab. 1. Mean and standard deviation of ANS parameters for resting condition, sweet
almond oil inhalation, and rosemary oil inhalation. *p < 0.05 significance when
compared to resting condition, and **p < 0.01 significance when compared to
sweet almond oil.

ANS parameters Resting Sweet almond oil Rosemary oil
(n=20)

Systolic BP 105.40 +8.54  105.71+857  108.31+8.88"
Diastolic BP 64.26 £ 11.04 63.93 £ 5.80 70.17 £ 7.97
Heart rate 71.97 £11.19  69.43+9.52° 72251022

Skin temperature  32.12 + 1.84 32.24 +1.97 31.79 + 1.88:
Respiratory rate 15.98 + 1.96 15.72 + 2.55 16.58 + 2.65

Autonomic nervous system parameters

Our results demonstrate significant changes in ANS parameters after exposure to sweet
almond oil and rosemary oil. The data of various ANS parameters were compared during
rest (control), sweet almond oil inhalation, and rosemary oil inhalation as shown in Table 1.
The heart rate of subjects was significantly reduced during sweet almond oil inhalation as
compared with the resting condition (p < 0.05). However, after being exposed to rosemary
oil, heart rate, blood pressure, and respiratory rate had significantly increased (p < 0.01).
In contrast, skin temperature had decreased significantly. The results have shown
consistency with a previous rosemary oil massage study which found that rosemary oll
increased blood pressure and respiratory rates [7]. The stimulatory effects on the
autonomic nervous system may be explained through the abundance of oxides
(1,8-cineole) and monoterpenes (a-pinene) that are present in rosemary oil. Both of these
components have stimulating effects on the nervous system through sympathetic activity
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[12, 13]. Heuberger et al. found that the respiratory rate increased after the administration
of 1,8-cineole [14], while Orhan et al. found that 1,8-cineole and a-pinene moderately
inhibited acetylcholinesterase [15], an acetylcholine degradation enzyme which results in
prolonged muscle contraction, and might be responsible for the reductions in skin
temperatures.

Emotional parameters

The alterations of mood states after being exposed to the aromas are shown in Figure 1.
The participants felt fresher, became more active, and less drowsy after exposure to the
rosemary oil (p < 0.05). Our results indicate that rosemary oil inhalation increases the level
of arousal as assessed through our test subjects’ self-evaluation. All the data has
collectively shown a medicinal benefit of rosemary oil when inhaled, by the removal of
feelings of boredom and by providing fresh mental energy. This is in accordance to a study
done by Battaglai [16]. In animal studies, rosemary vapor blended with the room air
increased the level of alertness in the test dogs and encouraged them to stand and move
about more when compared with exposure to lavender or chamomile [6]. Moss and
colleagues assessed the olfactory impact of rosemary and lavender essential oils on
cognitive performance and mood in healthy volunteers [17]. They found that rosemary
produces a significant enhancement in memory performance. In regard to mood, subjects
felt significantly fresher and were more alert than in the control group. Moreover, massage
with the use of rosemary oil also resulted in more vigor and produced a more cheerful
feeling [7]. Thus, our results confirm that rosemary oil contains mood-elevating bioactive
components that prove to be beneficial to its users.
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Fig. 1. Emotional rating scores for resting condition, sweet almond oil inhalation, and
rosemary oil inhalation. *p < 0.05 significance when compared with sweet
almond oil inhalation, and *p < 0.05 significance when compared with resting
condition.
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EEG parameters

In EEG analyses, the power (amplitude?) was calculated for each frequency band (delta,
theta, alpha, alphal, alpha2, and beta) during rest, during sweet almond oil inhalation, and
during rosemary oil inhalation states. The areas of interest were grouped into the left
anterior area (Fpl, F3, F7), the right anterior area (Fp2, F4, F8), left posterior area (P3,
T5, O1), right posterior area (P4, T6, O2), and the central (FCz, Cz, CPz) brain regions
[18, 19]. During the sessions of rosemary inhalation, the power of the alphal waves in the
left and right anterior and right posterior regions was significantly decreased (p < 0.05).
The power changes in the alpha2 waves were also significantly decreased during
rosemary inhalation as was shown in all areas of the brain (p < 0.05) (Table 2). In contrast,
the power of the beta waves in the left and the right anterior brain regions was significantly
increased (Table 3). No significant changes were observed in the case of the theta wave’s
power (p > 0.05, data not shown). The brain’s topographical map demonstrated less
spreading of the alphal waves in the frontal area and the right posterior brain region
during rosemary oil inhalation as compared to sweet almond oil. The topographic map of
the alpha2 waves has shown reduced spreading of these waves in all brain regions. In
contrast, the power of the beta waves in the frontal area had shown an increase (Figure 2).

Tab. 2. Mean power values of alphal and alpha2 waves for resting condition (eye-
closed recording), sweet almond oil inhalation and rosemary oil inhalation. *p <
0.05 significance when compared with sweet almond oil.

Average alpha 1 power

Brain area (8]

Resting (eye-close) Sweet almond oil Rosemary oil
Left anterior 5.25 6.35 5.42"
Right anterior 5.39 6.58 557
Central area 8.56 10.15 8.74
Left posterior 6.87 7.80 6.01
Right posterior 8.03 9.59 6.88°

Average alpha2 power

Brain area (LV2)

Resting (eye-close) Sweet almond oil Rosemary oil
Left anterior 2.71 2.72 2.20°
Right anterior 2.68 2.63 2.14"
Central area 4.32 4.60 3.62°
Left posterior 4.77 5.30 3.57
Right posterior 5.30 5.82 3.98
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Tab. 3. Mean power values of beta wave for resting condition (eye-closed recording),
sweet almond oil inhalation, and rosemary oil inhalation. *p < 0.05 significance
when compared with sweet almond oil.

Average beta power

Brain area (UV?)

Resting (eye-close) Sweet almond oil Rosemary oil
Left anterior 0.29 0.31 0.36
Right anterior 0.31 0.31 0.37°
Central area 0.38 0.39 0.42
Left posterior 0.35 0.37 0.37
Right posterior 0.33 0.38 0.36
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Fig. 2. Brain topographical map of the distribution of power of alphal, alpha2, and beta
activities for the resting condition, sweet almond oil inhalation and rosemary oil
inhalation.
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The present study shows the clear effects of rosemary oil inhalation on brain waves.
During inhalation of rosemary oil, the power of alphal (8-10.99 Hz) and alpha2
(11-12.99 Hz) activities considerably decreased, however, the power of beta waves
(13-30 Hz) significantly increased in the frontal area. These results show concordance
with the pattern of EEG variation with the arousal level of the CNS. The increase in central
activation is typically characterized by a decrease in alpha activities but with an increase in
beta activities [20]. Our findings regarding the decrease in frontal alphal and alpha2 power
after rosemary oil inhalation is similar to the results noted in Diego’s study, but also differ
in terms of the beta wave changes [8]. Increased beta activity in our study can be
explained by the enhanced alertness, which is advantageous for thinking processes. The
beta wave is thought to be related to the discrete neuronal activities on the cortical surface
of the brain. Thus, increasing beta power over the frontal region, the brain area for higher
cognition, may be related to the thinking process. Furthermore, previous studies support
that 1,8-cineole, the main constituent in rosemary, has exhibited an impact on brain waves.
For instance, Nakagawa et al. found that methyl jasmonate and 1,8-cineole in jasmine oil
can increase beta waves and inhibit the enhancement of alpha and theta waves that
corresponded to stimulating effects to the brain [21]. As a result, 1,8-cineole, may be
involved in the underlying mechanism of the effects of rosemary oil on the CNS in our
study.

Conclusion

In brief, our results suggest the occurrence of the positive stimulatory effects of rosemary
oil inhalation. These findings provide evidence that brain wave activities, autonomic
nervous system responses, and mood states can all be modified with rosemary oil
inhalation. The results support that there are medicinal benefits of rosemary when used as
a stimulant in essential oil treatments.

Experimental
Subjects

A total of 20 healthy subjects (10 males and 10 females), ages between 18 to 28 years
(mean age 21 +2.97 years) and body mass index (BMI) between 20—-25 kg/m? (mean BMI
20.69 + 1.69 kg/m?) were enrolled in this study. We had taken into consideration that
obesity can affect the parameters of the autonomic nervous system’s measurements [22].
All experimental procedures were followed with the strict ethical standards formulated in
the Helsinki Declaration of 1964 that was revised in 2000 and were approved by the
Ethical Review Committee for Research Involving Human Research Subjects, Health
Science Group, Chulalongkorn University and Mahidol University Institutional Review
Board (MU-IRB). All the steps in this experiment were similarly conducted as per the
previous study recorded on the effects of lavender oil inhalation [19]. Handedness was
assessed by the Edinburgh Handedness Inventory scale and only right-handed subjects
were selected [23]. The subjects were then screened for a normal sense of smell by using
the n-butyl alcohol method test [24] (mean score 9.65 + 0.96). Personal health status was
also recorded. This included weight, height, and blood pressure. All of the subjects who
passed the screening procedure were non-smokers [25], did not exhibit any symptoms of
upper respiratory infections, were absent of neurological diseases, and did not have a
history of hypertension or cardiovascular disease. Female subjects were not to be in their

Sci Pharm. 2013; 81: 531-542



538 W. Sayorwan et al.:

menstrual period on the day of the tests [26]. All subjects should not be showing signs of
fatigue or drowsiness before the start of the experiments.

Essential oil preparation and administration

The composition of rosemary oil obtained from the Thai China Flavors and Fragrances
Company was analyzed by gas chromatography/ mass spectrometry (GC/MS) equipped
with the Finnigan DSQ MS detector, Thermo Finnigan model Trace GC Ultra. The oil’'s
constituents were identified by matching their mass spectra and retention times with the
compounds indicated in the NISTO5 MS library. The percentage of compositions was
computed from the GC peak areas. The results revealed that rosemary oil is composed
mainly of 19.41% a-pinene, 20.08% 1,8-cineole, and 21.25% camphor. One milliliter of
sweet almond oil (base oil) or 10% v/v rosemary oil, diluted with a base oil, was
administered using an oxygen pump connected with a respiratory mask through a plastic
tube (adult inhalation set) with the airflow rate set at 2 liters/min. In accordance with
previous studies, it has been found that the pleasantness of the aroma of the oil could alter
autonomic activity [27, 28]. As a result of these facts, the subjects were asked to inhale
base oil and rosemary oil to assess the level of the pleasantness experienced by using a
5-point Likert scale prior to starting the experiments. The subjects with the rates of
pleasantness that were within 2—4 were allowed to proceed in the experiments.

Acquisition of autonomic parameters and mood state

The mood states and ANS parameters of the subjects such as: blood pressure, heart rate,
skin temperature, and respiratory rate were recorded simultaneously. The ANS
parameters were recorded using the Life Scope 8 bedside monitor (Nihon Kohden, Japan),
while the Geneva Emotion and Odor Scale (GEOS) was used for mood state ratings [29].
This particular scale consisted of a 100 mm monopolar visual analog scale following five
mood states: pleasant (good), unpleasant (bad, uncomfortable, disgusted, frustrated, and
stressful), sensual (romantic), relaxed (relax, calm, drowsy), and refreshed (fresh, active).

Acquisition of the electroencephalographic data

A set of 31 electrodes with an additional ground electrode were placed onto the subject’s
head in accordance to the international 10-20 system at FP1, FP2, FZ, F3, F4, F7, F8,
FT7, FC3, FCZ, FC4, FT8, T3, T4, T5, T6, TP7, TP8, C3, CP3, C4, CZ, CPZ, CP4, P3, P4,
Pz, 01, 02, and OZ. The average of both mastoid areas (A1+A2)/2 was used as the
recording reference. The electrooculogram (EOG) was measured by placing four
electrodes in two external acanthi (HEOL and HEOR), the left supraorbital (VEOU), and
the infraorbital (VEOL) regions. An Electro-Cap was made of an elastic spandex-type
fabric with silver/silver chloride (Ag/AgCl) electrodes attached to the fabric. Electrode
impedances were adjusted to lower than 5 kOhms. Acquire Neuroscan version 4.3
(Neurosoft, INC) was used as the recording system. An online filter was set to band pass;
with a low frequency of 70 Hz and a high frequency of DC. Analog-to-digital (A/D) rate was
set at 500 Hz, the gain was set at 19, and the notch filter was set at 50 Hz. The relative
power spectrum of the respective frequency bands derived by Fast Fourier Transformation
(FFT) was expressed as follows: Delta (0-3.99 Hz), Theta (4-7.99 Hz), Alpha
(8-12.99 Hz), and Beta (13-29.99 Hz) wave ranges [30, 31]. Furthermore, the alpha wave
was further categorized as alphal or low frequency alpha (8—-10.99 Hz) and alpha2 or high
frequency alpha (11-12.99 Hz) activities.
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Experimental protocol

The experimental protocol has been previously set by our group [19]. Experiments were
conducted in the morning hours only (8.00-12.00 AM) in order to reduce circadian
variation. All activities were done in a silent room with an ambient temperature of 24+1°C
and at 40-50% humidity. The ANS electrodes were attached to accommodate suitable
positions after the subjects were seated comfortably in the adjustable armchair. Heart rate,
skin temperature, and respiratory rate were recorded every minute, while the systolic and
diastolic blood pressures were recorded every 5 min. The experiment was divided into
three sessions, the first portion served as a 10 minute baseline trial (resting period). The
second and the third trials took 20 min each. Sweet almond oil was administered in the
second trial, where 10% (v/v) rosemary oil diluted in sweet almond oil was exposed during
the third trial. Subjects were required to rate their mood states at the end of each trial.

The EEG experiment was similar to those done in the ANS experiments. The procedure
was divided into three sessions of 7 min each. However, resting (baseline) EEG
recordings were done separately with both eye-closed and eye-opened sessions.
Following these, the participants were exposed to sweet almond oil and then 10% v/v
rosemary oil with 5 minute intervals.

Statistical analyses

The SPSS statistical package version 17 was used for data analyses of the effects of
rosemary on physiological reactions and mood states, before and after the rosemary
inhalation. A paired t-test was carried out on data concerning the subjects’ blood
pressures, heart rates, skin temperatures, powers of the brain waves, and their ratings of
their mood states. A non-parametric Wilcoxon signed rank test was used for respiratory
rate analysis.

Acknowledgement

This work was cordially supported by the 90™ anniversary of Chulalongkorn University
Fund (Ratchadaphiseksomphot Endowment Fund) and Herbal Remedies, Alternative Task
Force of the Special Task Force for Activating Research (STAR) under 100 years of
Chulalongkorn University fund, and the Kanchanabhisheak Institute of medical and public
health science technology for the research grant to WS. The authors are extremely
grateful to Dr. Chanida Palanuvej and Miss Thidarat Duangyod for the GCMS protocol
recommendation and Dr. Laddawan Karachot, Miss Amornrat Kamphee, and Mr. Robert
Cho for the editorial corrections.

Authors’ Statements
Competing Interests
The authors declare no conflict of interest.

Informed Consent, Ethical Approvals

The institutional and international ethical guides for experiments on human subjects were
followed, and informed consent was obtained from all test subjects. See the experimental
section for details.

Sci Pharm. 2013; 81: 531-542



540

W. Sayorwan et al.:

References

(1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

9]

(10]

[11]

[12]

Lawrence B.
Rosemary oil.
Perfum Flavor. 1986; 11: 75-76.

Faixova Z, Faix S.
Biological effect of Rosemary (Rosmarinus offinalis L.) essential oil (A review).
Folia Vet. 2008; 52: 135-139.

Gachkar L, Yadegari D, Rezaei MB, Taghizadeh M, Alipoor AS, Rasooli I.

Chemical and biological characteristics of Cuminum cyminum and Rosmatrinus officinalis essential
oils.

Food Chem. 2007; 102: 898—-904.

http://dx.doi.org/10.1016/j.foodchem.2006.06.035

Steimetz MD.

Action of essential oil of rosemary and certain of its constituents (eucalyptol and camphor) on the
cerebral cortex of the rat in vitro.

J Toxicol Clin Exp. 1987; 7: 259-271.

http://www.ncbi.nim.nih.gov/pubmed/3694556

Kovar KA, Gropper B, Friess D, Ammon HP.

Blood levels of 1,8-cineole and locomotor activity of mice after inhalation and oral administration of
rosemary oil.

Planta Med. 1987; 53: 315-318.

http://dx.doi.org/10.1055/s-2006-962725

Graham L, Wells DL, Hepper PG.

The influent of olfactory stimulation on the behavioral of dogs housed in rescue shelter.
Appl Anim Behav Sci. 2005; 91: 143-153.
http://dx.doi.org/10.1016/j.applanim.2004.08.024

Hongratanaworakit T.

Simultaneous aromatherapy massage with rosemary oil on humans.
Sci. Pharm. 2009; 77: 375-387.
http://dx.doi.org/10.3797/scipharm.090312

Diego MA, Jones NA, Field T, Hernandez-Reif M, Schanberg S, Kuhn C, McAdam V, Galamaga R,
Galamaga M.

Aromatherapy positive affects mood, EEG patterns of alerthess and math computations.

Inter J Neurosci. 1998; 96: 217—-224.

http://www.ncbi.nlm.nih.gov/pubmed/10069621

Klemm WR, Lutes SD, Hendrix DV, Warrenburg S.

Topographical EEG maps of human responses to odors.
Chem Senses. 1992; 17: 347-361.
http://dx.doi.org/10.1093/chemse/17.3.347

Dawson AN, Walser B, Jafarzadeh M, Stebbins CL.

Topical analgesics and blood pressure during static contraction in humans.
Med Sci Sports Exerc. 2004; 36: 632—638.
http://dx.doi.org/10.1249/01.MSS.0000121949.43010.F4

Hongratanaworakit T, Heuberger E, Buchbauer G.

Evaluation of the effects of East Indian sandalwood oil and alpha-santalol on humans after
transdermal absorption.

Planta Med. 2004; 70: 3-7.

http://dx.doi.org/10.1055/s-2006-941544

Albert YL, Steven F.
Encyclopedia of common natural ingredient 2™ ed.
New York: John Wieley & Sons Inc., 1996: 446-448.

Sci Pharm. 2013; 81: 531-542


http://dx.doi.org/10.1016/j.foodchem.2006.06.035
http://www.ncbi.nlm.nih.gov/pubmed/3694556
http://www.ncbi.nlm.nih.gov/pubmed/3671550
http://dx.doi.org/10.1055/s-2006-962725
http://dx.doi.org/10.1016/j.applanim.2004.08.024
http://dx.doi.org/10.3797/scipharm.090312
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hernandez-Reif%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hernandez-Reif%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kuhn%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/10069621
http://dx.doi.org/10.1093/chemse/17.3.347
http://dx.doi.org/10.1249/01.MSS.0000121949.43010.F4
http://dx.doi.org/10.1055/s-2006-941544

Effects of Inhaled Rosemary Oil on Subjective Feelings and Activities of the Nervous System 541

(13]

(14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

(22]

(23]

(24]

(25]

Hongratanaworakit T.
Physiological effects in aromatherapy.
Songklanakarin J Sci Technol. 2004; 26: 117-125.

Heuberger E, limberger J, Hartter E, Buchbauer G.

Physiological and behavioral effects of 1,8-cineol and (+)-linalool: a comparison of inhalation and
massage aromatherapy.

Nat Prod Commun. 2008; 3: 1103-1110.

Orhan I, Aslan S, Kartal M, Sener B, Baser KH.

Inhibitory effects of Turkish Rosearinum offinalis L. on acetylcholinesterase and butyrylcholinesterase
enzymes.

Food Chem. 2008; 108: 663—668.

http://dx.doi.org/10.1016/j.foodchem.2007.11.023

Battaglai S.
The complete guide to aromatherapy 2" ed.
Brisbane, Australia: Watson Ferguson and co., 1997: 89-92.

Moss M, Cook J, Wesnes K, Duckett P.

Aromas of rosemary and lavender essential oils differentially affect cognition and mood in healthy
adults.

Int J Neurosci. 2003; 113: 15-38.

http://dx.doi.org/10.1080/00207450390161903

lijima M, Osawa M, Nishitani N, lwata M.

Effects of incense on brain function: evaluation using electroencephalograms and event-related
potentials.

Neuropsychobiology. 2009; 59: 80-86.

http://dx.doi.org/10.1159/000209859

Sayorwan W, Siripornpanich V, Piriyapunyaporn T, Hongratanaworakit T, Kotchabhakdi N,
Ruangrungsi N.

The effects of lavender oil on emotional states, autonomic nervous system and brain electrical activity.
J Med Assoc Thai. 2012; 95: 598-606.

http://www.ncbi.nlm.nih.gov/pubmed/22612017

Oken BS, Salinsky MC, Elsas SM.

Vigilance, alertness, or sustained attention: physiological basis and measurement.
Clin Neurophysiol. 2006; 117: 1885-1901.
http://dx.doi.org/10.1016/j.clinph.2006.01.017

Nagakawa M, Nagai H, Inui T.
Evaluation of drowsiness by EEGs-Odors controlling drowsiness.
Fragrance J. 1992; 20: 68-72.

Colak R, Donder E, Karaoglu A, Ayhan O, Yalniz M.
Obesity and the activity of the autonomic nervous system.
Turk J Med Sci. 2000; 30: 173-176.

Hummel T, Mohammadian P, Kobal G.

Handedness is a determining factor in lateralized olfactory discrimination.
Chem Senses. 1998; 23: 541-544.
http://dx.doi.org/10.1093/chemse/23.5.541

Cain WS.

Testing olfaction in a clinical setting.

Ear Nose Throat J. 1989; 68: 316-328.
http://www.ncbi.nlm.nih.gov/pubmed/2737100

Frye RE, Schwart BS, Doty RL.

Dose-related effects of cigarette smoking on olfactory function.
JAMA. 1990; 263: 1233-1236.
http://dx.doi.org/10.1001/jama.1990.03440090067028

Sci Pharm. 2013; 81: 531-542


http://dx.doi.org/10.1016/j.foodchem.2007.11.023
http://www.ncbi.nlm.nih.gov/pubmed/12690999
http://dx.doi.org/10.1080/00207450390161903
http://dx.doi.org/10.1159/000209859
http://www.ncbi.nlm.nih.gov/pubmed/22612017
http://www.ncbi.nlm.nih.gov/pubmed/16581292
http://dx.doi.org/10.1016/j.clinph.2006.01.017
http://www.ncbi.nlm.nih.gov/pubmed/9805638
http://dx.doi.org/10.1093/chemse/23.5.541
http://www.ncbi.nlm.nih.gov/pubmed/2737100
http://dx.doi.org/10.1001/jama.1990.03440090067028

542

W. Sayorwan et al.:

(26]

(27]

(28]

(29]

(30]

(31]

Hummel T. Gollisch R. Wildt G, Kobal G.

Change in olfactory perception during the menstrual cycle.
Experientia. 1991; 47: 712-715.
http://www.ncbi.nim.nih.gov/pubmed/2065768

Brauchli P, Riiegg PB, Etzweiler F, Zeier H.

Electrocortical and autonomic alternation by administration of a pleasant and unpleasant odor.
Chem Senses. 1995; 20: 505-515.

http://dx.doi.org/10.1093/chemse/20.5.505

Kline JP, Blackhart GC, Woodward KM, Williams SR, Schwartz GE.

Anterior electroencephalographic asymmetry changes in elderly women in response to a pleasant and
an unpleasant odor.

Biol Psychol. 2000; 52: 241-250.

http://dx.doi.org/10.1016/S0301-0511(99)00046-0

Chrea C, Grandjean D, Delplanque S, Cayeux I, Le Calvé B, Aymard L, Velazco MI, Sander D,
Scherer KR.

Mapping the semantic space for the subjective experience of emotional response to odors.
Chem Senses. 2009; 34: 49-62.

http://dx.doi.org/10.1093/chemse/bjn052

Lorig TS.

The application of electroencephalographic techniques to the study of human olfaction: a review and
tutorial.

Int J Psychophysiol. 2000; 36: 91-104.

http://dx.doi.org/10.1016/S0167-8760(99)00104-X

Teplan M.
Fundamentals of EEG measurement.
Meas Sci Rev. 2002; 2: 1-11.

Sci Pharm. 2013; 81: 531-542


http://www.ncbi.nlm.nih.gov/pubmed/2065768
http://dx.doi.org/10.1093/chemse/20.5.505
http://dx.doi.org/10.1016/S0301-0511(99)00046-0
http://dx.doi.org/10.1093/chemse/bjn052
http://dx.doi.org/10.1016/S0167-8760(99)00104-X

