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A B S T R A C T

Introduction: In traditional systems of medicine, Inula helenium root is widely used for the management of
various ailments. The present work investigates the effect of inhalation of essential oil from the root of I.
helenium on electroencephalographic (EEG) activity of the human brain.
Methods: The effect of inhalation of I. helenium essential oil on EEG activity was evaluated by the
measurement of the EEG power spectrum in 20 healthy participants. The EEG spectrum values were
recorded using QEEG-8 system from 8 ground electrodes according to the International 10–20 System.
Results: The results showed that the inhalation of essential oil of I. helenium produced significant changes
in the EEG power spectrum values. The reduction of absolute theta (all the regions except T3), beta (Fp1)
and mid beta (P4) and relative theta (Fp1, Fp2, F3 and F4) waves were observed during the inhalation.
Whereas, the ratio of SMR to theta (Fp1 and P4), SMR � mid beta to theta (Fp1) and spectral edge
frequency 50% of alpha (P4) significantly increased during the inhalation of I. helenium essential oil.
Conclusion: The changes in EEG values due to the inhalation of essential oil of I. helenium root may
enhance the alertness state of the brain and could be used for the treatment of psychophysiological
disorders.
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1. Introduction

Historically essential oils from plants have been used widely to
treat psychophysiological disorders [1]. It has been observed that
fragrances from essential oils can influence the physical and
mental conditions of human beings [2]. However, the efficacy of
many plants has not been scientifically evaluated [3,4]. The
psychological changes induced through the fragrance inhalation of
essential oils are generally related to the modulation of olfactory
nervous system. Through the olfactory system, the olfactory bulb
receives the fragrance signals and provides input to other centers
that modify neuronal activity [5,6]. Fragrances affect spontaneous
brain activities and cognitive functions and these changes are
estimated by electroencephalography (EEG) [7].

Inula helenium L. (Asteraceae) is a perennial herb native to
Middle Asia and widely occurs in Asia, Europe and Northern
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America. The plant is used by traditional healers to treat various
diseases such as asthma, bronchitis, cough, indigestion, urinary
infections, and skin disorders [8]. The root of I. helenium mainly
contains eudesmane-type sesquiterpene lactones (alantolactone
and isoalantolactone) with various pharamacological properties
such as antihelmintic, anti-inflammatory, and antimicrobial
activity and the potential to induce detoxifying enzymes [8–10].
The sesquiterpene lactones from I. helenium exhibited cytotoxic
and antiproliferative activities against human cancer cell lines
[11,12]. However, there have been no studies on the effect of
fragrance stimulation by the essential oil from I. helenium root. The
aim of the present study was to investigate the effect of inhalation
of essential oil from the root of I. helenium on EEG activity of human
brain in normal healthy individuals.

2. Materials and methods

2.1. Plant material and extraction of essential oil

The root sample of I. helenium was purchased from BN Herb Inc.,
Pyeongchang, Republic of Korea during the month of August 2012.
The essential oil of I. helenium root was isolated by steam
 from ClinicalKey.com by Elsevier on August 02, 2018.
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Table 1
EEG power spectrum indicators used in this study.

S. No. Analysis indicators The full name of the EEG power spectrum indicators Wavelength range (Hz)

1 AT Absolute theta 4 � 8
2 AA Absolute alpha 8 � 13
3 AB Absolute beta 13 � 30
4 AG Absolute gamma 30 � 50
5 ASA Absolute slow alpha 8 � 11
6 AFA Absolute fast alpha 11 �13
7 ALB Absolute low beta 12 � 15
8 AMB Absolute mid beta 15 � 20
9 AHB Absolute high beta 20 � 30
10 RT Relative theta (4 � 8)/(4 � 50)
11 RA Relative alpha (8 � 13)/(4 � 50)
12 RB Relative beta (13 � 30)/(4 � 50)
13 RG Relative gamma (30 � 50)/(4 � 50)
14 RSA Relative slow alpha (8 � 11)/(4 � 50)
15 RFA Relative fast alpha (11 �13)/(4 � 50)
16 RLB Relative low beta (12 � 15)/(4 � 50)
17 RMB Relative mid beta (15 � 20)/(4 � 50)
18 RHB Relative high beta (20 � 30)/(4 � 50)
19 RST Ratio of SMR to theta (12 � 15)/(4 � 8)
20 RMT Ratio of mid beta to theta (15 � 20)/(4 � 8)
21 RSMT Ratio of SMR � mid beta to theta (12 � 20)/(4 � 8)
22 RAHB Ratio of alpha to high beta (8 � 13)/(20 � 30)
23 SEF50 Spectral edge frequency 50% 4 � 50
24 SEF60 Spectral edge frequency 90% 4 � 50
25 ASEF Spectral edge frequency 50% of alpha 8 � 13
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distillation technique (Hanil LabTech., Republic of Korea). The
distillation was carried out for a period of 150 min (yield, 0.02%
w/v).

2.2. Ethics

The study followed the Declaration of Helsinki on Biomedical
Research Involving Human Subjects and was approved by the
ethics committee from the Kangwon National University Hospital,
Chuncheon, Republic of Korea.

2.3. Subjects

Twenty right-handed healthy volunteers (Students) from
Department of Biological Environment, Kangwon National Univer-
sity (10 men and 10 women) aged 20–30 years participated in this
study. None of the participants had olfactory diseases, physical or
mental health problems, smoked or abused drugs. Informed
consent was obtained from each subject before participation.

2.4. Experimental design

A single group pre-test and post-test experimental design was
used in this study (20 subjects). A careful measurement was
carried out before and during the inhalation of essential oil. Prior to
experiment, the subjects were screened for an olfactory evaluation
test by using the commercial perfumes. The subjects were told the
purpose of the study was to determine the effect of inhalation of
essential oil on EEG activity. After the EEG recordings, the
participants were asked to give their preference and impression
of the fragrance of I. helenium essential oil. Further, none of the
participants indicated that they felt that the essential oil had
affected them in any way.

2.5. EEG recordings

The EEGs were recorded using QEEG-8 system (LXE3208,
LAXTHA Inc., Daejeon, Republic of Korea). The electrodes
(silver/silver chloride) were placed on the scalp at left prefrontal
(Fp1), right prefrontal (Fp2), left frontal (F3), right frontal (F4), left
Downloaded for Anonymous User (n/a) at Liberty Universit
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temporal (T3), right temporal (T4), left parietal (P3) and right
parietal (P4) according to the International 10–20 System. All
electrodes were referenced to the ipsilateral earlobe electrodes.
The EEG sampling rate of the measured subjects was 256 Hz,
filtered in the range of 0.5–50 Hz, and the readings were stored in a
computer by the 12-bit AD conversion. The ECI electrode gel
(Electro-gelTM, Electro-Cap International Inc., Eaton, Ohio, USA)
was applied into each electrode to connect with the surface of the
scalp in order to drop the electric resistance of the scalp below
5 kV.

2.6. Odor administration

Essential oil of I. helenium root was used as the odor stimulus.
The EEG measurement room was maintained with a constant
temperature (23 �C) and humidity (50%). The subjects were
instructed to sit quietly, close their eyes and to breathe normally
during the measurement. The undiluted essential oil of I. helenium
(10 mL) was spotted on the filter paper then placed about 3 cm in
front of the subject’s nose. The fragrance exposure was presented
only once per subject. The EEG readings were recoded 45 s before
and another 45 s during the inhalation. And the interval time
between before and during the analysis was 3 min.

2.7. Data analysis

The mean power values [microvolt (mV)] were calculated for
25 EEG analysis indicators (Table 1). The t-mapping of EEG waves of
brain was constructed by using Telescan software package
(LXSMD61, LAXTHA Inc., Daejeon, Republic of Korea). The SPSS
statistical package version 18 (SPSS, Inc., IL, USA) was used for data
analysis on EEG activity before and during the exposure of essential
oil by a paired t-test based on the EEG power spectrum values.

3. Results

The results of EEG changes and t-mapping of brain are
presented in Table 2 and Fig. 1. The main characteristic smells of
essential oil from the root of I. helenium are woody, balsamic and
earthy. Out of 25 EEG indices, significant changes were observed in
y from ClinicalKey.com by Elsevier on August 02, 2018.
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Table 2
Significant changes in EEG power spectrum values due to the inhalation of essential oil from Inula helenium roots.

EEG indices Site Before inhalation (mV) During inhalation (mV) t-test P value*

Absolute theta Fp1 16.911 12.599 3.164 0.005
Fp2 15.099 11.055 2.628 0.017
F3 20.881 16.610 2.393 0.027
F4 20.751 16.258 2.577 0.018
T4 6.884 5.720 3.488 0.002
P3 18.250 15.593 2.746 0.013
P4 15.760 12.950 3.510 0.002

Absolute beta Fp1 9.471 8.517 2.341 0.030

Absolute mid beta P4 5.262 4.055 2.807 0.011

Relative theta Fp1 0.268 0.225 2.954 0.008
Fp2 0.241 0.200 3.153 0.005
F3 0.283 0.246 2.407 0.026
F4 0.288 0.248 2.448 0.024

Ratio of SMR to theta Fp1 0.204 0.250 �2.169 0.043
P4 0.336 0.448 �2.165 0.043

Ratio of SMR � mid beta to theta Fp1 0.483 0.600 �2.185 0.042

Spectral edge frequency 50% of alpha P4 9.997 10.166 �2.216 0.039

Fp1: Left prefrontal, Fp2: Right prefrontal, F3: Left frontal, F4: Right frontal, T3: Left temporal. T4: Right temporal, P3: Left parietal, P4: Right parietal.
* Significant difference (P < 0.05).
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7 indices during the inhalation of essential oil of I. helenium root.
The reduction of absolute theta was observed in all the regions
with the exception of left temporal region (T3). In addition,
absolute beta (Fp1), absolute mid beta (P4) and relative theta (Fp1,
Fp2, F3 and F4) activities decreased during the inhalation of
essential oil than before inhalation. On the other hand, the values
of ratio of sensorimotor rhythm (SMR) to theta (Fp1 and P4) and
SMR � mid beta to theta (Fp1) were significantly increased.
Further, the values of spectral edge frequency 50% of alpha
spectrum significantly increased in the left parietal (P4) region
during the inhalation of essential oil. The overall results indicate
that the fragrance inhalation of I. helenium essential oil highly
affected the left prefrontal region followed by right parietal than
other regions.

4. Discussion

Recently, several studies have focused on the psychophysiologi-
cal activities of fragrances from essential oils and their individual
components. However, many of these studies were evaluated
under in vitro in relation to mechanisms of action of psychoactive
compounds and only few studies have been carried out to
investigate their efficacy in humans [13]. The essential roles of
aroma are creating a positive atmosphere by activating emotions,
providing contextual clues, and supporting memory by neuro-
chemical and neurobiological effects [14,15]. The EEG is an
extensively used neurophysiological tool to exhibit the functions
of human brain. In the present study, theta waves remarkably
decreased in 7 out of 8 regions (except T3) when compared to other
waves. The t-mapping clearly established the changes based on the
EEG values (Fig. 1). The theta rhythm has been considered to
sustain attention during performance of difficult task. Further,
reduction in theta activity is highly associated with the memory
formation [16,17]. The reduction of theta wave might be enhancing
the attention state of brain.

The present study reveals that the absolute beta and absolute
mid beta activities significantly decreased in the left prefrontal
(Fp1) (from 9.471 to 8.517 mV) and right parietal (P4) (from
5.262 to 4.055 mV) regions, respectively. In general, the beta
activity decreases during the drowsiness state and increases with a
Downloaded for Anonymous User (n/a) at Liberty University f
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high alertness level [18]. However, the absolute theta [Fp1
(P < 0.005) and P4 (P < 0.002)] and relative theta also significantly
decreased in the regions where beta wave decreased. In addition,
Diego et al. [19] reported that the rosemary oil enhances the
alertness state of brain by decreasing the frontal alpha and beta
waves. Furthermore, the ratio of sensorimotor rhythm activities
(SMR to theta and SMR � mid beta to theta) increased in left
prefrontal (FP1) regions. Kober et al. [20] stated that the SMR
activity (12–15 Hz) in the EEG is mainly associated with the states
of physically relaxed and mentally focused.

Previously, several authors have reported that the inhalation of
essential oils (lavender, rose and agar wood oils) and aromatic
components produced positive psychological changes in the
human brain [21,22]. From the results, the changes of EEG
spectrums were mainly observed in the left prefrontal region
when compared with other regions (Table 1 and Fig. 1). High-level
cognitive functions have been localized to the prefrontal cortex. It
is thought to be the most significant region for working memory
[23]. The essential oil of I. helenium root was characterized by a
relatively high amount of sesquiterpenoids (90.2%). The major
components of the essential oil were isomeric eudesmane-type
sesquiterpene lactones such as alantolactone (55.8%), isoalanto-
lactone (26.1%), and diplophyllin (5.1%) [24]. These components
might be responsible for the fragrance of essential oil of I. helenium
root and its effects on brain function. The present study clearly
indicates that the changes in theta and ratio of SMR values due to
fragrance inhalation of essential oil of I. helenium may enhance the
alertness state of the brain. To determine the exact psychophysio-
logical effects of this essential oil on human brain, further studies
are warranted in relation to the influences of gender, age and
nostril differences on EEG activities.

The present study has some limitations. In the EEG recordings,
the EEG readings were optimized many times due to the subjects’
eye movement. In addition, there were more deviations in the EEG
results among the individuals (20 subjects). In the present study,
100% essential oil was used as a fragrance stimulus, the result may
be different when modify the concentration of the essential oil.
Further, the EEG readings were recorded for short duration of time
(30 s). Hence, it is still unknown whether this essential oil will
show the same effect for long duration (>1 min) with more
rom ClinicalKey.com by Elsevier on August 02, 2018.
opyright ©2018. Elsevier Inc. All rights reserved.



Fig. 1. The t-mapping of EEG changes before and during the inhalation of essential oil of I. helenium root. Fp1—left prefrontal, Fp2—right prefrontal, F3—left frontal, F4—right
frontal, T3—left temporal, T4—right temporal, P3—left parietal, P4—right parietal. AT—absolute theta, AB—absolute beta, AMB—absolute mid-beta, RT—relative theta, RST—
ratio of SMR to theta, RSMT—ratio of SMR-mid beta to theta, SEF50—spectral edge frequency 50% of alpha.
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participants. In the light of these limitations, the EEG recordings for
long duration and different concentrations of essential oil with
placebo control are needed prior to use this essential oil in the
aromatherapy treatments.

5. Conclusion

The essential oil of I. helenium root appears to affect brain
function by increasing alertness and concentration. Results of the
present investigation suggest that the essential oil of I. helenium
root may be used therapeutically with positive psychological
effects.

Conflict of interest

The authors declare that they have no potential conflict of
interest.

Funding source

Not applicable.

Acknowledgements

Dr. Kandhasamy Sowndhararajan was financially supported by
the Agriculture and Life Sciences Research Institute,Kangwon
National University, Chuncheon, Republic of Korea.

References

[1] B. Cooke, E. Ernst, Aromatherapy: a systematic review, Br. J. Gen. Pract. 50
(2000) 493–496.

[2] V.W.C. Yim, A.K.Y. Ng, H.W.H. Tsang, A.Y. Leung, A review on the effects of
aromatherapy for patients with depressive symptoms, J. Altern. Complement
Med. 15 (2009) 187–195.

[3] N. Perry, E. Perry, Aromatherapy in the management of psychiatric disorders:
clinical and neuropharmacological perspectives, CNS Drugs 20 (2006) 257–
280.

[4] D. Shaw, J.M. Annett, B. Doherty, J.C. Leslie, Anxiolytic effects of lavender oil
inhalation on open-field behaviour in rats, Phytomedicine 14 (2007) 613–620.

[5] J.L. Robins, The science and art of aromatherapy, J. Holist. Nurs. 17 (1999) 5–17.
[6] A.K. Kutlu, E. Yilmaz, D. Cecen, Effects of aroma inhalation on examination

anxiety, Teach. Learn. Nursing 3 (2008) 125–130.
Downloaded for Anonymous User (n/a) at Liberty University f
For personal use only. No other uses without permission. C
[7] G.N. Martin, Human electroencephalographic (EEG) response to olfactory
stimulation: two experiments using the aroma of food, Int. J. Psychophysiol. 30
(1998) 287–302.

[8] A. Deriu, S. Zanetti, L.A. Sechi, Antimicrobial activity of Inula helenium L.
essential oil against Gram-positive and Gram-negative bacteria and Candida
spp, Int. J. Antimicrob. Agents 31 (2008) 581–592.

[9] A. Stojakowska, K. Michalska, J. Malarz, Simultaneous quantification of
eudesmanolides and thymol derivatives from tissues of Inula helenium and
I. royleana by reversed-phase high-performance liquid chromatography,
Phytochem. Anal. 17 (2006) 157–161.

[10] S.S. Lim, J.R. Kim, H.A. Lim, C.H. Jang, Y.K. Kim, T. Konishi, et al., Induction of
detoxifying enzyme by sesquiterpenes present in Inula helenium, J. Med. Food
10 (2007) 503–510.

[11] N.J. Lawrence, A.T. McGown, J. Nduka, J.A. Hadfield, R.G. Pritchard, Cytotoxic
Michael-type amine adducts of a-methylene lactones alantolactone and
isoalantolactone, Bioorg. Med. Chem. Lett. 11 (2001) 429–431.

[12] T. Konishi, Y. Shimada, T. Nagao, H. Okabe, T. Konoshima, Antiproliferative
sesquiterpene lactones from the roots of Inula helenium, Biol. Pharm. Bull. 25
(2002) 1370–1372.

[13] D.O. Kennedy, E.L. Wightman, Herbal extracts and phytochemicals: plant
secondary metabolites and the enhancement of human brain function, Adv.
Nutr. 2 (2011) 32–50.

[14] A. Papadopoulos, S. Wright, J. Ensor, Evaluation and attributional analysis of an
aromatherapy service for older adults with physical health problems and
carers using the service, Complement Ther. Med. 1 (1999) 239–244.

[15] R.N. Almeida, S.C. Motta, C.B. Faturi, B. Catallani, J.R. Leite, Anxiolytic-like
effects of rose oil inhalation on the elevated plus-maze test in rats, Pharmacol.
Biochem. Behav. 77 (2004) 361–364.

[16] O.M. Razumnikova, Creativity related cortex activity in the remote associates
task, Brain Res. Bull. 73 (2007) 96–102.

[17] J.A. Greenberg, J.F. Burke, R. Haque, M.J. Kahana, K.A. Zaghloul, Decreases in
theta and increases in high frequency activity underlie associative memory
encoding, NeuroImage 114 (2015) 257–263.

[18] B.G. Lee, B.L. Lee, W.Y. Chung, Mobile healthcare for automatic driving sleep-
onset detection using wavelet-based EEG and respiration signals, Sensors 14
(2014) 17915–17936.

[19] M.A. Diego, N.A. Jones, T. Field, M. Hernandez-Reif, S. Schanberg, C. Kuhn, et al.,
Aromatherapy positively affects mood, EEG patterns of alertness and math
computations, Int. J. Neurosci. 96 (1998) 217–224.

[20] S.E. Kober, M. Witte, M. Ninaus, C. Neuper, G. Wood, Learning to modulate one’s
own brain activity: the effect of spontaneous mental strategies, Front. Hum.
Neurosci. 7 (2013) 695.

[21] R. Masago, T. Matsuda, Y. Kikuchi, Y. Miyazaki, K. Iwanaga, H. Harada, et al.,
Effects of inhalation of essential oils on EEG activity and sensory evaluation, J.
Physiol. Anthropol. 19 (2000) 35–42.

[22] M. Iijima, M. Osawa, N. Nishitani, M. Iwata, Effects of incense on brain function:
evaluation using electroencephalograms and event related potentials,
Neuropsychobiology 59 (2009) 80–86.

[23] C.E. Curtis, M. D’Esposito, Persistent activity in the prefrontal cortex during
working memory, Trends Cogn. Sci. 7 (2003) 415–423.

[24] Z. Stojanovi�c-Radi�c, Lj. Comi�c, N. Radulovi�c, P. Blagojevi�c, M. Deni�c, A.
Miltojevi�c, et al., Antistaphylococcal activity of Inula helenium L. root essential
oil: eudesmane sesquiterpene lactones induce cell membrane damage, Eur. J.
Clin. Microbiol. Infect. Dis. 31 (2012) 1015–1025.
rom ClinicalKey.com by Elsevier on August 02, 2018.
opyright ©2018. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0005
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0005
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0010
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0010
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0010
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0015
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0015
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0015
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0020
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0020
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0025
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0030
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0030
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0035
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0035
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0035
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0040
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0040
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0040
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0045
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0045
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0045
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0045
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0050
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0050
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0050
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0055
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0055
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0055
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0060
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0060
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0060
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0065
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0065
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0065
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0070
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0070
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0070
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0075
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0075
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0075
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0080
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0080
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0085
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0085
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0085
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0090
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0090
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0090
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0095
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0095
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0095
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0100
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0100
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0100
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0105
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0105
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0105
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0110
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0110
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0110
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0115
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0115
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0120
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0120
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0120
http://refhub.elsevier.com/S1876-3820(16)30005-1/sbref0120

	Effect of inhalation of essential oil from Inula helenium L. root on electroencephalographic (EEG) activity of the human b...
	1 Introduction
	2 Materials and methods
	2.1 Plant material and extraction of essential oil
	2.2 Ethics
	2.3 Subjects
	2.4 Experimental design
	2.5 EEG recordings
	2.6 Odor administration
	2.7 Data analysis

	3 Results
	4 Discussion
	5 Conclusion
	Conflict of interest
	Funding source
	Acknowledgements
	References


