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Abstract
Although fragrances have long been known to influence stress-induced psychosomatic disorders, the neurophysiological mechanism remains
unclear. We evaluated the effect of fragrance on the relation between the level of sebum secretion in the facial skin and the stress-induced prefrontal
cortex (PFC) activity, which regulates the activity of the hypothalamic–pituitary–adrenal axis. Employing near infrared spectroscopy, we measured
hemoglobin concentration changes in the bilateral PFC during a mental arithmetic task in normal adults (n = 31), and evaluated asymmetry of the
PFC activity in terms of the laterality index (i.e., [(right − left)/(right + left)]) of oxyhemoglobin concentration changes (LI-oxyHb). We measured
the level of sebum secretion in the facial skin before the task performance. There was a significant positive correlation between the LI-oxyHb and
the level of sebum secretion (r = +0.44, p = 0.01). We selected the subjects who exhibited high levels of sebum secretion and right-dominant PFC
activity for the study on the fragrance effect (n = 12). Administration of fragrance for four weeks significantly reduced the level of sebum (p = 0.02)
in the fragrance group (n = 6). In addition, the LI-oxyHb decreased significantly from 0.11 ± 0.07 to −0.10 ± 0.18 (p = 0.01), indicating that the
dominant side of the stress-induced PFC activity changed from the right to left side. In contrast, neither LI-oxyHb nor the levels of sebum secretion
changed significantly in the control group (n = 6). These results suggest that administration of fragrance reduced the level of sebum secretion by
modulating the stress-induced PFC activity. The PFC may be involved in the neurophysiological mechanism of fragrance effects on systemic
response to mental stress.
© 2007 Elsevier Ireland Ltd. All rights reserved.
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Fragrances have long been known to have various psychological
and physical effects. Rovesti and Colombo observed that exposure to fragrances such as mint, lavender, or jasmine improved
the symptoms of anxious or depressive states in humans [23].
Several animal studies have revealed that olfactory stimulation
with fragrances improves stress-induced immune suppression
[28] and suppresses the skin inflammatory reaction induced by
immobilization stress in mice [15]. In addition, a recent study
on humans has demonstrated that smelling of lavender and rosemary decreases salivary cortisol levels [2]. These results indicate
that fragrances can improve various stress-induced psychosomatic disorders; however, the neurophysiological mechanisms
of their effects remain unclear.
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Acne vulgaris has long been known to develop
under mental stress [30,5]. Mental stress activates the
hypothalamic–pituitary–adrenal (HPA) axis and induces secretion of hormones such as corticotrophin-releasing hormone
and adrenal steroid hormones [11,35], which cause sebaceous
hyperplasia and aggravation of acne [20,29,39]. Recent studies
have demonstrated that the activity of the HPA axis is regulated
by the prefrontal cortex (PFC), particularly the right PFC
[4,31,38]. A functional MRI study revealed that right PFC
activity during mental stress tasks correlated with changes in
salivary-cortisol levels [38]. Recently, employing near infrared
spectroscopy (NIRS), we evaluated the relationship between
skin condition and left/right asymmetry in the PFC activity
during mental stress tasks [34]. We found that the subjects who
exhibit right-dominant PFC activity during mental stress tasks
have higher levels of sebum secretion in the facial skin, suggesting that such subjects are sensitive to mental stress associated
with hyperactivity of the HPA axis. In the present study, on the
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basis of these findings, we hypothesized that administration of
fragrance may alter left/right asymmetry in PFC activity during
mental stress tasks, resulting in amelioration of hypersecretion
of sebum in the facial skin, which is caused by activation of the
HPA system [20].
We studied a total of 31 healthy young female subjects (mean
age of 22.2 ± 2.3 years). Firstly, we selected the subjects who
showed right-dominant PFC activity during mental stress tasks
and high levels of sebum secretion in the facial skin. Then,
the subjects were asked to draw lots to be classified into the
control and fragrance groups. We compared the left/right asymmetry of PFC activity and the levels of sebum secretion in
the subjects with fragrance treatment (fragrance group) and
without treatment (control group). The subjects were highly
educated college students, and were all deemed right-handed
according to the laterality quotient questionnaire of the Edinburgh Handedness Inventory. In order to avoid the influence of
environmental stress, the subjects were seated in a comfortable
chair, in an air-conditioned room with temperature and humidity maintained at approximately 22 ◦ C and 40%, respectively.
All subjects provided written informed consent n accordance
with the requirements of the Human Subjects Committee of the
Shiseido Life Science Institute.
We employed a mental arithmetic task as a psychological
stressor. The subjects were asked to consecutively subtract a
two-digit number from a four-digit number (e.g. 1022-13) as
quickly as possible for 60 s. This mental arithmetic task has
previously been used to investigate mental stress-induced PFC
activity [38,34,14,27,33]. Elicitation of stress was verified by
the State-Trait Anxiety Inventory (STAI) and measurements of
heart rate. Heart rate was monitored simultaneously with PFC
activity, by placing a photo-electrical sensor (Tsuyama MGF
KK, Tokyo, Japan) on the subject’s right earlobe to measure
pulse waves.
We measured hemoglobin concentration changes in the bilateral PFC employing NIRS (NIRO-300, Hamamatsu Photonics
K.K., Hamamatsu, Japan). Details of this system have previously
been described [24,32]. Briefly, near-infrared light from four
laser diodes (775, 810, 850, and 910 nm) is directed to the head
through a fibre-optic bundle, and the reflected light is transmitted to a multi-segment photodiode detector array. The NIRO-300
monitor simultaneously measures the concentration of oxy-Hb,
deoxy-Hb, and total hemoglobin (total-Hb; oxy-Hb + deoxyHb). The hemoglobin concentrations were expressed as a change
from baseline concentration (arbitrary units). The sampling time
was 0.5 s. The NIRS probes were set symmetrically on the forehead with a flexible fixation pad so that the midpoint between
the emission and detection probes was 3 cm above the centers
of the upper edges of the bilateral orbital sockets; the distance
between the emitter and detector was set at 4 cm. MRI confirmed
that the emitter-detector was located over the dorsolateral and
frontopolar areas of the PFC [34].
In order to evaluate the possible effect of skin blood flow
changes during the mental arithmetic task, we measured changes
in the facial skin temperature using a thermograph (TH71, NEC
San-ei Instruments, Tokyo) prior to the present study (n = 8). The
task caused minimal changes in the skin temperature (within

±0.2 ◦ C; data not shown), suggesting that skin blood flow
changes during the task would not have greatly influenced the
NIRS parameter changes.
Prior to commencing the mental arithmetic task, we measured
the level of sebaceous secretion in the facial skin. For measurements of the levels of sebum secretion, we used the Sebumeter
(SM810, Courage + Khazaka, Köln, Germany) in all subjects;
the levels of sebum secretion was measured in the left and right
cheeks, and averaged in each subject. In the study on the effect
of fragrance on the facial skin sebum, we measured the sebum
before and four weeks after fragrance administration.
A fragrance with a floral green tone was adopted. To estimate the subject’s preference for the fragrance, they were asked
to evaluate the fragrances using a visual analogue scale from
−100 (i.e. “not pleasant at all”) to +100 (i.e. “very pleasant”).
The mean preference value for the subjects in this experiment
was +47.3 ± 28.5 (n = 6); all of them expressed positive (“pleasant”) scores for the fragrance they used. A fragrance spray (5%
ethanol solution) and a room fragrance (filter paper soaked in
50% odorless paraffin solution) were prepared containing the
above-mentioned scent. All subjects were asked to use the spray
at least 3 times during the day and then to put the room fragrance
at their bedside every night for 4 weeks.
NIRS data were converted into a digitized format via the
multi-purpose analyzing program BIMTAS II (Kissei Comtec
Co. Ltd., Tokyo, Japan). Data were averaged every second
and baseline measurements were normalized to a 140 s segment for each trial. The cerebral blood oxygenation changes
in the bilateral PFC were continuously monitored by NIRS during: (1) control conditions for 20 s; (2) the mental arithmetic
task for 60 s; and (3) the recovery phase for 60 s. To analyze
PFC activity in response to psychological stress, we calculated
changes in oxy-Hb concentration during the mental arithmetic
task since these correlate with rCBF changes during activation
[34,14,33,24,13,17,25,26,36]. The mean control values (measured during the first 10 s) were subtracted from the mean
activation values (measured throughout task performance).
In order to determine left/right asymmetry of PFC activity
during the stress task, we calculated a laterality index (LI) for
the oxy-Hb concentration changes ((right − left)/(right + left));
LI > 0 indicates greater activity of the right PFC, while LI < 0
indicates greater activity of the left PFC [34,33]. We used
Mann–Whitney’s U test for the comparisons of changes in STAIII score and heart rate before and during the task, and Student’s
t test for the comparison of pre-stress levels of sebum secretion
between right (i.e. LI > 0) and left (i.e. LI < 0) dominant PFC
activity groups. To evaluate the effects of fragrances on the PFC
activity during the task, we compared the LI of oxy-Hb concentration changes before and after fragrance administration in
the right-dominant group employing paired t test. In addition,
we compared the pre-stress levels of sebum secretion before
and after fragrance administration employing Wilcoxon’s rank
test.
The mental arithmetic task significantly increased the STAI-II
scores and heart rate in all subjects; the changes in STAIII scores and heart rate were 7.26 (p = 3.33E−5) and 11.70
(p = 3.56E−11), respectively. NIRS demonstrated that the task
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Fig. 1. Relationship between left/right asymmetry of PFC activity and the prestress level of sebum secretion in the facial skin. The abscissa represents the
laterality index (LI) of changes in oxy-Hb, while the ordinate indicates the
level of sebum secretion (g/cm2 ). There was a significant positive correlation
between the LI of oxy-Hb and the level of sebum secretion (r = +0.44, p = 0.01).

led to elevation of oxy-Hb and total-Hb associated with a
decrease in deoxy-Hb in the bilateral PFC. Regression analyses were used to investigate the relationship between left/right
asymmetry in PFC activity during the task and the level of sebum
secretion. There was a significant positive correlation between
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the LI of oxy-Hb and the level of sebum secretion (r = +0.44,
p = 0.01) (Fig. 1), which is consistent with our previous study
[33].
We selected 12 subjects who exhibited right PFC dominant activity (LI of oxy-Hb > 0.035) with high levels of sebum
secretion (>20.3 g/cm2 ) for evaluation of the effect of fragrance. These subjects were classified into control (n = 6)
and fragrance (n = 6) groups; there were no significant differences in levels of sebum secretion or LI of oxy-Hb between
the two groups before fragrance administration (p > 0.05).
After administration of fragrances for four weeks, the prestress level of sebum secretion was significantly reduced from
54.1 ± 17.5 g/cm2 to 39.0 ± 17.8 g/cm2 (p = 0.02) (Fig. 2A).
In addition, the LI of oxy-Hb significantly decreased from
0.11 ± 0.07 to −0.10 ± 0.18 after fragrance administration
(p = 0.01), indicating that right-dominant PFC activity was
changed to left-dominant PFC activity (Fig. 2B). In contrast,
both of the pre-stress level of sebum secretion and the LI of
oxy-Hb remained unchanged in the control group. Finally, fragrance administration decreased the task-induced changes in
STAI-II score from 7.8 ± 9.4 to 0.7 ± 8.3 and heart rate from
7.7 ± 4.7 beat/min to 4.4 ± 5.7 beat/min, although the differences were insignificant (p > 0.05).
This is the first demonstration that the PFC plays an important
role in the effect of fragrances on the systemic response to mental
stress. We found that administration of fragrance altered the
dominant side of the stress-induced PFC activity from the right to
the left side, and reduced the level of sebum secretion in subjects

Fig. 2. Effects of fragrance administration on the pre-stress level of sebum secretion in the facial skin (A) and the laterality of PFC activity during a mental arithmetic
task (B). The ordinates in A and B indicate the level of sebum secretion (g/cm2 ) and the laterality index (LI) of oxy-Hb changes, respectively. The error bars indicate
standard deviation. Fragrance administration significantly decreased the level of sebum secretion (p = 0.02) and the LI of oxy-Hb (p = 0.01).
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who exhibited right-dominant PFC activity and hypersecretion
of sebum before the administration.
Recent studies have demonstrated that the right PFC regulates the activity of the HPA axis [4,31,38,34]. Activation of
the HPA axis causes an increase of adrenal steroid hormones
such as glucocorticoids and adrenal androgens, which induce
sebaceous hyperplasia and secretion of sebum [20]. In addition, corticotrophin-releasing hormone could induce lipogenesis
and androgen metabolism in sebocytes by activating the receptors for corticotrophin-releasing hormone in sebocytes [29,39].
These results suggest that administration of fragrance reduced
the level of sebum secretion by modulating the stress-induced
PFC activity.
The physiological mechanism of the modulation of the
stress-induced PFC activity by fragrance administration is not
established; however, the following two possible mechanisms
should be considered. First, neuronal conditioning of PFC activity by olfactory stimulation may occur. Anatomical studies
have established the neural network from the olfactory bulb to
the frontal lobe; the olfactory bulb connects to the thalamus,
hypothalamus, and limbic system, which provide secondary connections to the frontal lobe [21]. Fulbright et al., employing
fMRI, observed that odors elicit activation in the frontal lobe
[10]. In addition, recent NIRS studies have demonstrated that
olfactory stimulations cause increases of oxy-Hb in the bilateral frontal cortices, indicating activation in these brain regions
[16,18]. These results suggest that persistent olfactory stimulations with fragrance could cause changes in the stress-induced
PFC activity via the network between the PFC and the olfactory
system.
Another possible mechanism is an influence of steroid hormones such as glucocorticoids on the proliferation of neural
cells. It is well established that glucocorticoids inhibit the proliferation of progenitor cells in the hippocampal dentate gyrus
of adult mammals. In addition, it was demonstrated that glucocorticoids could inhibit the proliferation of oligodendrocyte
precursors in the white and gray matter regions of adult rat
forebrain [1]. Therefore, changes in the level of circulating glucocorticoids could influence the proliferation of oligodendrocyte
precursors in the frontal lobe, which might alter the frontal lobe
function. Indeed, a recent study on humans has demonstrated
that odorant inhalation decreases salivary cortisol levels [2].
Fragrances have relaxant effects in humans; for example, they
improve the symptoms of anxious or depressive states [23], and
reduce heart rate by modulating the autonomic nervous system
[8]. In the present study, fragrances tended to reduce the STAI-II
score changes and heart rate changes induced by a mental arithmetic task. The relaxant effects of fragrances were associated
with changes in the dominant side of PFC activity from the right
to the left side. Recent neuroimaging studies have demonstrated
that negative affective stimuli generally activate the right PFC,
while left PFC activation is associated with positive emotions
[6,9]. In addition, right dominance of PFC activity during the
mental arithmetic task was associated with an increase in heart
rate [34,33]. These observations suggest that fragrances affect
the stress responses of emotions and the autonomic nervous
system by modulating the PFC activity.

A number of studies have demonstrated that fragrances
improve stress-induced immune suppression [28,19]. In patients
with depression, fragrances normalized neuroendocrine hormone levels and immune function [19]. In addition, fragrances
could reverse the immune suppression induced by high pressure stress in mice [28]. It should be noted that PFC activity is
known to modulate the immune system [3]. Animal studies have
demonstrated that asymmetric disruptions of PFC function via
unilateral lesions differentially affect immune function, causing
enhancement or suppression depending on the side of the lesion
[37]. Rosenkranz et al. have demonstrated that higher levels of
right-prefrontal activation predict a poorer immune response in
human [22]. In addition, Davidson et al. evaluated the effect
of mindfulness meditation on the PFC activity and immune
function, and revealed that the meditators exhibited increases
in left-sided PFC activation and enhancement of immune function compared with the nonmeditators [7]. These results suggest
that the PFC plays a role in the effects of fragrances on stressinduced immune suppression as well as emotional responses to
stress.
A number of limitations of the current study are worthy of
mention. Firstly, this was a pilot study designed to evaluate the
possibility that fragrances might influence the relation between
stress-induced PFC activity and the systemic response to mental stress. For this reason, the study group was small, which
may have contributed to the fact that we did not observe statistically significant differences in the task-induced changes of
heart rate and STAI-II scores before and after administration of
fragrance. Secondly, all of the subjects in the present study were
young females; however, aging and gender-difference could
affect activity of the brain, including the PFC, induced by cognitive tasks [13,26,12]. Further studies are necessary to evaluate
the fragrance effects on aged and male subjects. Thirdly, we did
not evaluate adrenal steroid hormones, which reflect the activity
of the HPA axis. It remains necessary to clarify the relationships
among stress-induced PFC activity, skin condition, and adrenal
steroid hormones. Finally, potential limitations of NIRS should
be discussed. NIRS measures the blood oxygenation changes
within the illuminated area, which includes both intracranial and
extracranial tissues. NIRS parameter changes may therefore be
caused by changes in the blood flow of the scalp; however, we
observed minimal changes in the skin blood flow during the task
in a preliminary experiment. We therefore believe that the NIRS
parameter changes predominantly reflect the blood oxygenation
changes in the activated cortices. In addition, NIRS does not
allow the measurement of cerebral blood oxygenation changes
in the whole brain, including deep brain structures. Although the
PFC plays important roles in stress responses [4,31,38,34,33],
further studies are necessary to evaluate the precise activation
areas in the whole brain that are related to the effect of fragrance
and mental stress.
In summary, the present results indicate that administration
of fragrance reduced the level of sebum secretion in association with changes in the stress-induced PFC activity. The PFC
may play an important role in the neurophysiological mechanism of fragrance effects on systemic response to mental
stress.

Author's personal copy

M. Tanida et al. / Neuroscience Letters 432 (2008) 157–161

Acknowledgments
This work was supported by a Grant-in-Aid from the Ministry of Education, Culture, Sports, Sciences and Technology of
Japan (a grant for the promotion of industry-university collaboration at Nihon University) and by Hamamatsu Photonics K.K.
(Hamamatsu, Japan).
References
[1] G. Alonso, Prolonged corticosterone treatment of adult rats inhibits the
proliferation of oligodendrocyte progenitors present throughout white and
gray matter regions of the brain, Glia 31 (2000) 219–231.
[2] T. Atsumi, K. Tonosaki, Smelling lavender and rosemary increases free
radical scavenging activity and decreases cortisol level in saliva, Psychiatry
Res. 150 (2007) 89–96.
[3] P. Barneoud, P.J. Neveu, S. Vitiello, M. Le Moal, Functional heterogeneity
of the right and left cerebral neocortex in the modulation of the immune
system, Physiol. Behav. 41 (1987) 525–530.
[4] R.M. Buijs, C.G. van Eden, The integration of stress by the hypothalamus, amygdale and prefrontal cortex: balance between the autonomic
nervous system and the neuroendocrine system, Prog. Brain Res. 126
(2000) 117–132.
[5] A. Chiu, S.Y. Chon, A.B. Kimball, The response of skin disease to stress,
Arch. Dermatol. 139 (2003) 897–900.
[6] R.J. Davidson, W. Irwin, The functional neuroanatomy of emotion and
affective style, Trends Cogn. Sci. 3 (1999) 11–21.
[7] R.J. Davidson, J. Kabat-Zinn, J. Schumacher, M. Rosenkranz, D. Muller,
S.F. Santorelli, F. Urbanowski, A. Harrington, K. Bonus, J.F. Sheridan,
Alterations in brain and immune function produced by mindfulness meditation, Psychosom. Med. 65 (2003) 564–570.
[8] S. Dayawansa, K. Umeno, H. Takakura, E. Hori, E. Tabuchi, Y. Nagashima,
H. Oosu, Y. Yada, T. Suzuki, T. Ono, H. Nishijo, Autonomic responses during inhalation of natural fragrance of Cedrol in humans, Auton. Neurosci.
108 (2003) 79–86.
[9] H. Fischer, J.L. Andersson, T. Furmark, G. Wik, M. Fredrikson, Rightsided human prefrontal brain activation during acquisition of conditioned
fear, Emotion 2 (2002) 233–241.
[10] R.K. Fulbright, P. Skudlarski, C.M. Lacadie, S. Warrenburg, A.A. Bowers, J.C. Gore, B.E. Wexler, Functional MR imaging of regional brain
responses to pleasant and unpleasant odors, Am. J. Neuroradiol. 19 (1998)
1721–1726.
[11] K.E. Habib, P.W. Gold, G.P. Chrousos, Neuroendocrinology of stress, Neuroendocrinology 30 (2001) 695–727.
[12] S. Hamann, T. Canli, Individual differences in emotion processing, Curr.
Opin. Neurobiol. 14 (2004) 233–238.
[13] C. Hock, F. Müller-Spahn, S. Schuh-Hofer, M. Hofmann, U. Dirnagl, A.
Villringer, Age dependency of changes in cerebral hemoglobin oxygenation
during brain activation: A near-infrared spectroscopy study, J. Cereb. Blood
Flow Metab. 15 (1995) 1103–1108.
[14] Y. Hoshi, M. Tamura, Detection of dynamic changes in cerebral oxygenation coupled to neuronal function during mental work in man, Neurosci.
Lett. 150 (1993) 5–8.
[15] J. Hosoi, M. Tanida, T. Tsuchiya, Regulation of plasma substance P and
skin mast cells by odorants, J. Cutan. Med. Surg. 7 (2003) 287–291.
[16] T. Ishimaru, T. Yata, S. Hatanaka-Ikeno, Hemodynamic response of the
frontal cortex elicited by intravenous thiamine propyldisulphide administration, Chem. Senses 29 (2004) 247–251.
[17] M. Kameyama, M. Fukuda, Y. Yanagishi, T. Sato, T. Uehara, M. Ito, T.
Suto, M. Mikuni, Frontal lobe function in bipolar disorder: a multichannel
near-infrared spectroscopy study, Neuroimage 29 (2006) 172–184.
[18] E. Kobayashi, T. Kusaka, M. Karaki, R. Kobayashi, S. Itoh, N. Mori, Functional optical hemodynamic imaging of the olfactory cortex, Laryngoscope
117 (2007) 541–546.

161

[19] T. Komori, R. Fujiwara, M. Tanida, J. Nomura, M.M. Yokoyama, Effects
of citrus fragrance on immune function and depressive states, Neuroimmunomodulation 2 (1995) 174–180.
[20] G. Plewig, A. Kligman, Acne: Morphogenesis and Treatment, SpringerVerlag, Berlin, Germany, 1975.
[21] J.L. Price, Prefrontal cortical networks related to visceral function and
mood, Ann. N.Y. Acad. Sci. 877 (1999) 383–396.
[22] M.A. Rosenkranz, D.C. Jackson, K.M. Dalton, I. Dolski, C.D. Ryff, B.H.
Singer, D. Muller, N.H. Kalin, R.J. Davidson, Affective style and in vivo
immune response: neurobehavioral mechanisms, Proc. Natl. Acad. Sci.
U.S.A. 100 (2003) 11148–11152.
[23] P. Rovesti, E. Colombo, Aromatherapy and aerosols, Soap, Perfume and
Cosmetics, 46 (1973) 475–477.
[24] K. Sakatani, Y. Katayama, T. Yamamoto, S. Suzuki, Cerebral blood oxygenation changes of the frontal lobe induced by direct electrical stimulation
of thalamus and globus pallidus. A near infrared spectroscopy study, J.
Neurol. Neurosurg. Psychiatry 67 (1999) 769–773.
[25] K. Sakatani, Y. Xie, W. Lichty, S. Li, H. Zuo, Language-activated cerebral
blood oxygenation and hemodynamic changes of the left prefrontal cortex
in poststroke aphasic patients: A near infrared spectroscopy study, Stroke
29 (1998) 1299–1304.
[26] K. Sakatani, W. Lichty, Y. Xie, S. Li, H. Zuo, Effects of aging on languageactivated cerebral blood oxygenation changes of the left prefrontal cortex:
Near infrared spectroscopy study, J. Stroke Cerebrovasc. Dis. 8 (1999)
398–403.
[27] P.A. Shapiro, R.P. Sloan, E. Bagiella, J.P. Kuhl, S. Anjilvel, J.J. Mann, Cerebral activation, hostility, and cardiovascular control during mental stress,
J. Psychosom. Res. 48 (2000) 485–491.
[28] H. Shibata, R. Fujiwara, M. Iwamoto, H. Matsuoka, M.M. Yokoyama,
Immunological and behavioral effects of fragrance in mice, Int. J. Neurosci.
57 (1991) 151–159.
[29] A. Slominski, J. Wortsman, T. Luger, R. Paus, S. Solomon, Corticotropin
releasing hormone and proopiomelanocortin involvement in the cutaneous
response to stress, Physiol. Rev. 80 (2000) 979–1019.
[30] J.H. Stokes, T.H. Sternberg, A factor analysis of the acne complex
with therapeutic comment, Arch. Dermatol. Syphil. 40 (1939) 345–
367.
[31] R.M. Sullivan, A. Gratton, Lateralized effects of medial prefrontal cortex lesions on neuroendocrine and autonomic stress responses in rats, J.
Neurosci. 19 (1999) 2834–2840.
[32] S. Suzuki, S. Takasaki, T. Ozaki, Y. Kobayashi, A tissue oxygenation
monitoring using NIR spatially resolved spectroscopy, SPIE 3597 (1999)
582–592.
[33] M. Tanida, K. Sakatani, R. Takano, K. Tagai, Relation between asymmetry
of prefrontal cortex activities and the autonomic nervous system during a
mental arithmetic task: Near infrared spectroscopy study, Neurosci. Lett.
369 (2004) 69–74.
[34] M. Tanida, M. Katsuyama, K. Sakatani, Relation between mental stressinduced prefrontal activity and skin conditions: a near infrared spectroscopy
study, Cog. Brain Res. 1184 (2007) 210–216.
[35] C.
Tsigos,
G.P.
Chrousos,
Hypothalamic–pituitary–
adrenal axis, neuroendocrine factors and stress, J. Psychosom. Res.
53 (2002) 865–871.
[36] A. Villringer, B. Chance, Non-invasive optical spectroscopy and imaging
of human brain function, Trends Neurosci. 20 (1997) 435–442.
[37] S. Vlajkovic, V. Nikolic, A. Nikolic, S. Milanovic, B.D. Jankovic, Asymmetrical modulation of immune reactivity in left- and right-biased rats after
ipsilateral ablation of the prefrontal, parietal and occipital brain neocortex,
Int. J. Neurosci. 78 (1994) 123–134.
[38] J. Wang, H. Rao, G.S. Wetmore, G.S. Wetmore, O.M. Furlan, M. Korczykowski, D.F. Dinges, J.A. Detre, Perfusion functional MRI reveals
cerebral blood flow pattern under psychological stress, Proc. Natl. Acad.
Sci. U.S.A. 102 (2005) 17804–17809.
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