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Abstract
L-Theanine is an amino acid contained in green tea leaves which is known to block the binding of L-glutamic acid to glutamate receptors in the
brain. Because the characteristics of L-Theanine suggest that it may influence psychological and physiological states under stress, the present study
examined these possible effects in a laboratory setting using a mental arithmetic task as an acute stressor. Twelve participants underwent four
separate trials: one in which they took L-Theanine at the start of an experimental procedure, one in which they took L-Theanine midway, and two
control trials in which they either took a placebo or nothing. The experimental sessions were performed by double-blind, and the order of them was
counterbalanced. The results showed that L-Theanine intake resulted in a reduction in the heart rate (HR) and salivary immunoglobulin A (s-IgA)
responses to an acute stress task relative to the placebo control condition. Moreover, analyses of heart rate variability indicated that the reductions in
HR and s-IgA were likely attributable to an attenuation of sympathetic nervous activation. Thus, it was suggested that the oral intake of L-Theanine
could cause anti-stress effects via the inhibition of cortical neuron excitation.
# 2006 Elsevier B.V. All rights reserved.
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1. Introduction
In recent years, various healthful effects of the ingredients
contained in green tea have been scientifically verified (Yamane
et al., 1991; Cooper et al., 2005). L-Theanine, one of the major
amino acids contained in green tea, has been a focus of attention
due to its physical characteristics. As a biochemical characteristic of this substance, Yokogoshi et al. (1998a,b) reported that
L-Theanine could pass through the blood–brain barrier, and that
it increased by 1 h at the latest in serum, the liver, and the brain
after administration, thereafter decreasing sharply in the
serum and liver but only beginning to decrease in the brain
5 h after administration. Furthermore, another study reported
that L-Theanine could influence the secretion and function of
neurotransmitters in the central nervous system even at 30 min
after oral administration (Terashima et al., 1999). L-Theanine
binds to the glutamate receptor subtypes (AMPA, kainate, and
NMDA receptors) and blocks the binding of L-glutamic acid to
the glutamate receptors in cortical neurons (Kakuda et al.,
2002). Despite the lower affinity of L-Theanine with glutamate
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receptor subtypes than with L-glutamic acid (about 80-fold
lower with the AMPA and kainate receptors, and about 30,000fold lower with the NMDA receptor), several reports
demonstrating the neuroprotective effect of L-Theanine in
cortical neurons via the antagonistic role (Kakuda et al., 2000;
Nagasawa et al., 2004) suggest the functional role of
L-Theanine in brain dynamics. These chemical and functional
characteristics of L-Theanine in the brain suggest that it might
down-regulate cerebral functions, at least to a moderate degree.
In fact, previous animal studies have reported that the
administration of L-Theanine reduced blood pressure (Yokogoshi et al., 1995) and inhibited the excitatory effects of
caffeine (Kakuda et al., 2000). Since emotional or physiological states in humans are modulated by the chemical behaviors
of neurotransmitters, psychological and physiological states
could also be influenced by L-Theanine. Although empirical
findings concerning the effects of L-Theanine on human
participants have been limited, Kobayashi et al. (1998) reported
that the oral administration of 200 mg of L-Theanine resulted in
an increase of the a-band component of electroencephalograms
(EEG) in the occipital and parietal scalp regions when
participants rested in a relaxing state. Furthermore, the
observed result that the a-band component of EEG increased
more remarkably at 30 min after oral administration was

0301-0511/$ – see front matter # 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.biopsycho.2006.06.006

Please cite this article as: Kenta Kimura et al., L-Theanine reduces psychological and physiological stress responses, Biological Psychology
(2006), doi:10.1016/j.biopsycho.2006.06.006

+ Models

BIOPSY-5806; No of Pages 7

2

K. Kimura et al. / Biological Psychology xxx (2006) xxx–xxx

consistent with the result in the animal study showing that
neurotransmitters in the brain were affected by L-Theanine
20 min after its administration (Yokogoshi et al., 1998a,b), and
might indicate that there was a time-lag between when
L-Theanine was administered and when it took effect.
Unfortunately, however, the researchers examined the influence
of L-Theanine on EEG only during a resting situation. It is well
known that the extracellular level of glutamate in the brain is
increased by acute stressors (Lowy et al., 1993; Moghaddam,
1993), and it seems likely that such a glutamate increase would
also result in facilitation of the activity of the sympathetic
nervous system. Considering the competitive role of
L-Theanine against excitation of the glutamatergic phenotype,
we hypothesized that L-Theanine might be able to reduce stressinduced excitation of the peripheral sympathetic activity.
In laboratory acute stress studies, changes in several
autonomic parameters, such as heart rate and blood pressure
(BP), have been evaluated when participants were engaged in
acute stress tasks such as the mental arithmetic, the public
speaking, a stroop task, and a cold pressor task (Bachen et al.,
1992; Herbert et al., 1994; Breznitz et al., 1998; Willemsen et al.,
1998, 2000, 2002; Winzer et al., 1999; Atanackovic et al., 2002;
Bosch et al., 2003). We previously developed a mental arithmetic
task which elicits a continuous increase in the levels of HR, BP,
and salivary secretory immunoglobulin A (s-IgA) (Isowa et al.,
2004; Kimura et al., 2005). In addition, we attempted to estimate
activity in the autonomic nervous system during the task by
analyzing heart rate variability (HRV). HRV describes the
variations between consecutive heartbeats, and has been widely
used as a quantitative marker of the autonomic nervous system
(Task Force of the European Society of Cardiology, The North
American Society of Pacing and Electrophysiology, 1996). The
frequency domain of HRV was divided into two major frequency
bands, a high-frequency band (HF component: 0.15–0.5 Hz) and
a low-frequency one (LF component: 0.05–0.15 Hz). The former
is related to respiratory sinus arrhythmia and is exclusively
attributable to parasympathetic influence reflecting vagal
activity, while the latter mirrors the baroreceptor feedback loop
that controls blood pressure and appears to reflect both
sympathetic and parasympathetic activity. Furthermore, the
relative contribution of LF and HF power (LF/HF) was thought to
reflect the sympathovagal balance. Our observation of the
significant decrease in the HF component and a remarkably
increased LF/HF ratio during the task indicated that the
sympathetic nervous system was prominently activated by this
task. Moreover, the stress task successfully induced not only a
physiological stress state, but also subjective stress feelings and
state anxiety. Thus, this robust experimental paradigm allowed us
to examine the possibility that L-Theanine could buffer
autonomic activity and subjective stress feelings during an
acute stress challenge in human participants.
In the present study, therefore, we measured the subjective
stress intensity, HR, HRV, and the concentration of s-IgA as
indices of acute stress responses, and examined the buffering
effects of L-Theanine on such responses by asking participants to
drink a cup of water containing L-Theanine before the acute
stressor started. Additionally, to examine the buffering effects

more precisely, we administered L-Theanine at two different time
points, since previous studies pointed out the possibility that
there was a time-lag effect after oral intake. If the time-lag effect
existed, the observed stress responses would be buffered
differentially between the time points. However, it is known
that the effects of drug treatment are, in general, dependent on
participants’ expectations. Because we had to take this
expectation effect, called the placebo effect, into consideration,
in addition to above two L-Theanine administration conditions,
we set a placebo condition in which participants were required to
drink a cup of water which did not contain L-Theanine.
Furthermore, a control condition was added to the experimental
protocol to confirm the effect of the acute psychological stressor
and the oral administration of the solution itself. Together, all
participants engaged in the four conditions in a double blind and
counterbalanced order. In our hypotheses, as previous studies
indicated, the acute stress task induces remarkable stress feeling
and sympathetic nervous activation, which is reflected by the
elevated HR, s-IgA level, relative decrement in HF component of
HRV, and increment of LF/HF ratio. The oral administration of LTheanine should reduce these variations via inhibiting sympathetic nervous activation based on the antagonistic role in
glutamate receptors. That is, it is thought that an elevation in the
HR, s-IgA, and LF/HF ratio should be reduced while the HF
component reflecting vagal activity shows a lower decrement.
2. Methods
2.1. Participants
Twelve male undergraduate students (age range, 20–25 years; mean = 21.50,
S.D. = 1.38) who were not suffering from any chronic or oral illnesses and not
taking any medication known to influence immunity participated in the experiment. All participants received a detailed explanation of the study and gave their
informed written consent to participate.

2.2. Treatment
200 mg of L-Theanine (Suntheanine, Taiyo Kagaku Inc., Japan) dissolved in
100 ml of water was used as a treatment. The safety of the oral administration of
L-Theanine has been confirmed by toxicological research (Fujita et al., 1994).
We decided to use this particular dose because one study reported that it could
elicit a significant anti-anxiety effect in humans (Kobayashi et al., 1998).

2.3. Stress task
The participants performed a mental arithmetic task for 20 min. They were told
to add a currently displayed number (from 2 to 9) to the next number displayed on
a PC monitor, and to answer only one digit of the current answer by pressing a
key (from 0 to 9). Each number was displayed for 500 ms and followed by a
1500 ms interval during which no number was displayed. During the task, once the
participants responded by pressing a key on the keyboard after each set, an X or O
was displayed on the monitor to indicate whether or not the response was correct.

2.4. Psychological measures
The participants were asked to evaluate the subjective perception of stress
on visual-analog scales (0–100%). In addition, they completed the Japanese
version (Nakazato and Mizoguchi, 1982) of the State-Trait Anxiety Inventory
(STAI) (Speilberger et al., 1970). The STAI was designed to measure state
anxiety and consists of 20 items.
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2.5. Cardiovascular measures

Table 1
The order of experimental conditions in each participants

Cardiodynamic activity was recorded using an electrocardiogram (ECG) at
500 Hz by an MP 100 system (Biopac Systems Inc.) and by placing Ag/AgCL
electrodes on the extremities. The following analysis of the ECG waveforms was
performed using AcqKnowledge software for MP 100. After rejection of the
artifacts in the ECG waveforms which were obtained, HR and inter-beat-interval
data were derived from each data. In addition, the mean values of HR were
calculated for the last 2 min of the baseline period, at four periods during the stress
tasks (0–5, 5–10, 10–15, and 15–20 min), and for the last 2 min of each rest period.
The inter-beat-interval data were subsequently analyzed to yield HRV. To equalize
the duration of the tachogram epochs used for HRV spectral analyses in each
condition and period, we analyzed 10 min inter-beat-interval data in each period
as the focused epoch. Therefore, we calculated the spectral data from the epochs
derived for the last 10 min of the baseline period, for the first 10 min of the task
period, and for all the time in each rest period. The obtained 10 min inter-beatinterval data were resampled at 4 Hz to obtain equidistant time series values. A
power spectrum density was then obtained through a fast Fourier transformation
of the tachogram. In connection with the fast Fourier transformation, the data were
detrended linearly and filtered through a rectangular window. The integral of the
power spectrum was studied in two major frequency bands, namely the HF
component (0.15–0.5 Hz) and the LF component (0.05–0.15 Hz).

Participants’
number

Control

Placebo

L-Theanine

1–3
4–6
7–9
10–12

1
2
3
4

2
3
4
1

3
4
1
2

2.6. s-IgA
To determine the volume of secreted saliva and concentration of s-IgA, we
collected samples of unstimulated saliva using cotton swabs (Salivettes, Sarstedt Ltd.). A cotton swab was placed underneath the tongue of each participant
for 3 min. The swab was then removed and the saliva extracted from the cotton
by centrifugation at 3.5  103 rpm for 10 min. The saliva was stored frozen in
capped test tubes at 20 8C until assay. We determined the s-IgA concentration
in the saliva (in micrograms per milliliter) by an enzyme-linked immunoabsorbent assay (using an IgA test; MBL Inc.). The thawed saliva aliquots (10 ml)
were diluted 40 times. Saliva samples were reacted with polystyrene beads that
labeled the antihuman secretory component. After incubation at 37 8C for 1 h,
the beads were washed twice and reacted with peroxidase standard antihuman
IgA (rabbit IgG/Fab0 ) (secondary reaction). After incubation at room temperature for 1 h, the beads were washed three times, and then enzyme metrical fluid
(orthophenylenediamine + 4 mM H2O2) (3rd reaction) was added. After
incubation at room temperature for 30 min, the reaction was stopped by the
addition of H2SO4. The reaction product was quantified spectrophotometrically
at 492 nm with a microplate reader (Model 550; Bio-Rad Inc., Hercules, CA).

2.7. Procedure
The participants were instructed to eat a light breakfast on the morning of the
experiment; caffeine-containing beverages were not allowed. After each participant entered the experimental chamber, electrodes for the electrocardiographic
measurements were attached. The experimental session is shown in Fig. 1. As seen
in Fig. 1, it began with a 20 min rest period, followed by a mental arithmetic task
for 20 min and two rest periods for 10 min. The saliva samples and psychological
measures were obtained at the end of each period. Cardiodynamic activity was

1

L-Theanine

2

4
1
2
3

Twelve participants were divided into four groups and the order was formed
according to a Latin square design.
monitored continuously throughout the experimental session. There were four
conditions in the experiment: (1) oral administration of L-Theanine immediately
after initiation of the session (L-Theanine 1 condition); (2) oral administration of LTheanine immediately after the first rest period (L-Theanine 2 condition); (3) oral
administration of a placebo at the same time as the L-Theanine in the L-Theanine 1
condition (placebo condition); (4) no administration of any treatment, and rest
periods in place of the task periods (control condition). Thus, the participants
experienced the experimental sessions four times. However, we considered the
fact that the order of the experimental conditions, which the participants performed sequentially, could affect the data obtained on the psychological and
physiological parameters because of the effect of habituation. To exclude this
order effect reflecting experience of the experiment, the order was counterbalanced by dividing the participants into four groups randomly (with three
participants in each group), and conducting the experimental conditions differentially among the groups according to a Latin square design described in Table 1.
Moreover, to prevent contamination of the placebo effect, the administration of the
water solution was conducted by a double-blind method. These procedures
allowed us to conduct the study without any contamination.

2.8. Statistical analyses
Because in our research attention was paid to the stress responses in the task
period, change scores (the mean value at each period – the mean value at the
baseline) of all parameters were computed and used in statistical analyses. The
HR data were analyzed using repeated-measures analyses of variance (ANOVAs) with two within-participant factors: the condition (control, placebo,
L-Theanine 1, and L-Theanine 2) and the period (baseline, stress 5 min, stress
10 min, stress 15 min, stress 20 min, rest 1, and rest 2). In addition, the other
data were analyzed using repeated-measures ANOVAs with a within-participant
factor: the condition (control, placebo, L-Theanine 1, and L-Theanine 2) and the
period (baseline, stress, rest 1, and rest 2). The Greenhouse–Geisser epsilon
correction factor, e (Jennings and Wood, 1976), was used where appropriate. In
cases where significant interactions were found in the ANOVAs, post hoc
analyses using LSD tests ( p < 0.05) were conducted to examine which
combinations of data points differed significantly. For each condition, Pearson
correlation coefficients were computed among change scores (scores at the task
period  scores at the baseline) of each parameter to examine the relationship
between the psychological and physiological parameters.

3. Results
3.1. Psychological measures

Fig. 1. Experimental protocol of the present study. Arrowed line indicates the
time point at which participants took the water with or without L-Theanine in
each condition.

Psychological data during the stress task and rest periods are
presented in Fig. 2 and Table 2. Two-way ANOVAs revealed
significant interactions between the condition and period in
perception of stress (F (6, 83) = 3.91, p < 0.01) and state of
anxiety (F (6, 80) = 4.29, p < 0.01). Post hoc comparisons
using LSD tests clarified that the perception of stress in the task
period showed a higher value under the placebo condition than
under the other conditions. Furthermore, the change scores of
the subjective stress in the L-Theanine 1 and 2 conditions were

Please cite this article as: Kenta Kimura et al., L-Theanine reduces psychological and physiological stress responses, Biological Psychology
(2006), doi:10.1016/j.biopsycho.2006.06.006

+ Models

BIOPSY-5806; No of Pages 7

4

K. Kimura et al. / Biological Psychology xxx (2006) xxx–xxx
Table 3
Means (S.D.s) of change scores from baseline scores in LF/HF ratio
Conditions

Task

Rest 1

Control
Placebo
L-Theanine 1
L-Theanine 2

1.97
4.09
3.77
2.78

(4.65)
(6.17)
(7.54)
(4.99)

1.15
1.93
2.15
2.49

Rest 2
(5.34)
(4.59)
(4.31)
(4.36)

1.34
1.12
1.48
0.83

(4.64)
(3.30)
(4.47)
(2.67)

Table 4
Means (S.D.s) of change scores from baseline scores in HF component of HRV

Fig. 2. Change scores from baseline scores at each time point in the subjective
stress feeling. Error bars indicate standard deviations.

Conditions

Task

Rest 1

Rest 2

Control
Placebo
L-Theanine 1
L-Theanine 2

7
15
14
10

1
5
12
5

4
9
10
1

(19)
(25)
(23)
(21)

(15)
(29)
(21)
(23)

(17)
(26)
(27)
(18)

Table 2
Means (S.D.s) of change scores from baseline scores in state anxiety score
Conditions

Task

Control
Placebo
L-Theanine 1
L-Theanine 2

1.83
11.58
1.58
3.17

Rest 1
(4.15)
(9.15)
(7.32)
(10.06)

0.83
0.00
1.00
0.33

Rest 2
(4.13)
(3.93)
(3.98)
(5.14)

0.08
1.67
1.92
1.08

(4.98)
(4.54)
(5.66)
(4.10)

significantly lower than those under the two control conditions.
In addition, the STAI state anxiety score was remarkably higher
during the task period than during the rest periods, and the level
of state anxiety was significantly higher under the placebo
condition than under the other three conditions during the task
period. In these two measures, any differences between the two
L-Theanine conditions were not observed.
3.2. Heart rate and heart rate variability
The changes in HR and parameters in HRV are illustrated in
Fig. 3 and Tables 3 and 4. ANOVAs yielded a significant
interaction between the condition and period for HR (F (8,
118) = 2.26, p < 0.05). This meant that the HR was at higher

levels during execution of the stress task than during the rest
periods. Moreover, post hoc analyses revealed that the mental
arithmetic task significantly increased the HR under the
placebo condition while the HR in the L-Theanine 1 and 2
conditions showed lower increments than under the placebo
condition. However, in contrast to our hypothesis, we did not
find any significant differences between the two L-Theanine
conditions in HR. On the other hand, as seen in Table 3, the
mean values in the LF/HF ratio—which is thought to reflect
sympathetic activity—during the task period showed a pattern
similar to that of the HR. However, the interactions between
condition and period were not statistically significant for the
LF/HF ratio (F (6, 92) = 26.82, p = 0.157) or the HF
component of HRV (F (7, 102) = 1.23, p = 0.292). A main
effect of period was statistically significant for the LF/HF ratio
(F (2, 92) = 3.48, p < 0.05) and statistically marginal for the
HF component (F (2, 102) = 2.49, p < 0.1). Despite the lack of
significant interactions, we reanalyzed the HRV data by using
LSD tests to examine the observed pattern in more detail.
Consequently, the post hoc analyses indicated that the LF/HF
ratio was significantly higher under the placebo condition than
under the other conditions in the task period, suggesting that the
participants showed more activation of the sympathetic nervous
system during an acute stress period under the placebo
condition than under the other three conditions. Furthermore,
no significant differences among the other three conditions
were revealed.
3.3. Salivary s-IgA

Fig. 3. Changes scores from the baseline scores at seven time points in HR.
Error bars indicate standard deviations.

Fig. 4 indicates the temporal variation of s-IgA under each
condition. Repeated-measures ANOVA indicated a significant
interaction between condition and period (F (7, 102) = 3.61,
p < 0.01). LSD tests revealed that the elevation of s-IgA during
the task period was more remarkable under the placebo
condition than under the other three conditions. However, no
significant differences were observed among the other three
conditions.
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Fig. 4. Changes in scores from baseline scores at each time point in s-IgA. Error
bars indicate standard deviations.

4. Discussion
The main findings in this study were that the acute stress
responses elicited by the mental arithmetic task were reduced
by the oral administration of L-Theanine. Moreover, this effect
of L-Theanine was consistently observed not only in the
subjective perception of stress but also in physiological stress
responses such as HR and s-IgA. Although there is a possibility
that the buffering effect was induced by a placebo effect, as is
frequently seen in clinical trials of medicine, we prevented the
placebo effect by employing a double-blind method. And in
retrospection, after termination of the experimental sessions, no
participants could identify whether they drank water or water
containing L-Theanine. In addition, any effect from the repeated
experience of the experimental conditions by the participants
was removed by conducting the present experimental conditions differentially among groups according to a Latin
square design. These valid controls suggested the buffering
effect of L-Theanine in psychological and physiological stress
responses. However, this parallel change between the
psychological and physiological stress responses represented
in the mean values should not indicate that the treatment used in
this study affected the same participants in both kinds of
parameters. Thus, to consider a pattern of the change, we tried
to calculate the correlations coefficients in the psychological
and physiological parameters. From the results, although the
results showed a positive correlation between the changes, the
correlations did not reach significant levels (for example,
r = 0.37, p = 0.24 between s-IgA and the perception of stress in
the placebo condition and r = 0.43, p = 0.16 between them in
the L-Theanine 2 condition). It was thought that the result was
probably due to the low number of participants in the present
study. Therefore, we should not conclude the detailed buffering
effects of L-Theanine. Further study using a larger number of
participants is needed.
The change pattern of physiological indices under the
control condition compared to that in the placebo condition
clearly certified that the task used in this study elicited temporal
elevations of physiological responses, and suggested that the
task adequately functioned as an acute stressor. Consistent with
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previous findings on acute stress responses (Willemsen et al.,
1998, 2000, 2002; Isowa et al., 2004; Kimura et al., 2005), the
mental arithmetic task used in the present study produced
temporal increments of HR and s-IgA. On the one hand, as our
previous studies using the same mental arithmetic task showed,
present study also reported increments of the LF/HF ratio
reflecting the degree of sympathetic nervous activation. On the
other hand, there have been several reports that s-IgA was
affected by acute psychological stressors, but that the direction
of the change was dependent on the type of stressors used
(Bosch et al., 2001, 2003; Isowa et al., 2004). For example,
previous studies suggested that a memory test and mental
arithmetic task elevated the concentration and secreted rate of
s-IgA, while a cold pressor task and the presentation of
unpleasant stimuli such as a surgical procedure video did not
affect concentration and the rate of s-IgA secreted, at least
during stressor exposure (Bosch et al., 2001; Isowa et al., 2004).
These results indicated that the elevation of s-IgA was
modulated by the distinct pattern of autonomic activation.
More directly, Carpenter et al. (2000) examined this issue in an
animal study and reported that stimulation of the sympathetic
nervous fibers released s-IgA from plasma cells placed on
submandibular glands (Carpenter et al., 2000). After considering these previous suggestions and the elevation of HR and
the LF/HF ratio in HRV observed in this study, the elevation
in s-IgA should be attributed to sympathetic nervous activation.
In fact, it was thought that the variations in HR and s-IgA
showed a similar tendency of variation in the present study.
Taken together, these results indicate that the physiological
changes induced by the stress task used in the present study
should be interpreted as having been mediated by sympathetic
activation.
The present study suggested the possibility that L-Theanine
can buffer such sympathetic activity during an acute stressor.
Kakuda et al. (2002) reported that L-Theanine could block the
binding of L-glutamic acid to the glutamate receptors in cortical
neurons. Although the affinity of L-Theanine with the glutamate
receptors was remarkably lower than the L-glutamic one (about
80–30,000 fold less), there have been several reports indicating
the functional role of L-Theanine, such as a neuroprotective
effect in cortical neurons via the antagonistic role with
glutamate receptors (Kakuda et al., 2002; Nagasawa et al.,
2004). Furthermore, it has been suggested that another
mechanism, such as an effect on the glutamate transporter,
might play a role in the modulation of L-glutamic acid in the
brain (Kakuda et al., 2002). Since there are so many neurons
activated by glutamic acid in the limbic system of the brain, and
because these neurons could modulate the activation of the
autonomic nervous system, it is possible that the results in the
present study were induced by the antagonistic role of LTheanine to excitation of the glutamatergic phenotype.
However, considering that several studies have reported that
the oral administration of L-Theanine modified the secretion of
neurotransmitters, such as serotonin or dopamine (Kimura and
Murata, 1986; Yokogoshi et al., 1998a,b), there is also a
possibility that the observed reduction of acute stress responses
is attributable not only to the antagonistic role to glutamatergic
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receptors but also to other neurotransmitter systems. For
example, it is known that the intracerebral microinjection of LTheanine increased dopamine release from the corpus striatum
dose-dependently and a concentration of serotonin in several
brain regions such as the hippocampus and hypothalamus
(Yokogoshi et al., 1998a,b). Although, to our knowledge, there
are no studies which reveal the relative affinity of L-Theanine
with receptors of these neurotransmitters and the underlying
mechanisms systemically, it should be taken into account as
another possible mechanism because changes in these
neurotransmitters generally modulates physiological and
psychological states. In any case, the present results could
be interpreted as indicating that the change in central nervous
system elicited the reduction of acute stress responses.
Furthermore, such reduction of physiological stress responses
can be subjectively monitored, at least partly, and might induce
lower evaluation of subjective stress feelings and state anxiety.
Consequently, it was suggested that the L-Theanine which was
absorbed had an anti-stress function both physiologically and
psychologically via modulation of the activity of the central
nervous system.
Despite previous studies reporting that it took about 30 min
to affect several parameters such as the a-band component of
EEGs in humans (Kobayashi et al., 1998) and dopamine release
(Yokogoshi et al., 1998a,b) in rats, we failed to find any
significant differences between the two L-Theanine administration conditions. This should lead us to reconsider the timelagged effect of this substance. However, previous studies
tended to focus on a modification or function of L-Theanine
during resting situations, while the present study examined the
effect during the acute stress situation. This point of difference
should be recognized. Because not only the neural activities in
the central nervous system, but also the peripheral nervous
system activities such as ingestion, insorption, and hemodynamics would be greatly different in a stress situation from
a resting situation, it is possible that the functional aspect of
L-Theanine is also different between these two types of
situations. Since this is just a speculation, more detail studies to
examine this issue are needed.
Although this study strongly indicated that L-Theanine has
anti-stress effects, several limitations must be acknowledged.
First, we examined only male participants, whereas the
previous study (Willemsen et al., 2002) reported sex differences
in some immune responses to acute stressor. Thus, the
generalizability of the present findings must be further tested
using a larger sample composed of both sexes. Second,
relatively few parameters were measured in the present study.
Because we did not measure blood pressure, vascular
resistance, noradrenaline, and adrenaline, we can only
speculate about activation and reduction of the sympathetic
nervous system on the basis of the HR, HRV, and s-IgA data.
Third, we concluded that the reduction of acute stress responses
was mediated by changes in the amount of neurotransmitters or
an antagonistic role of L-Theanine against glutamic acid
receptors. However, we did not directly evaluate any
parameters reflecting such functions. Further studies investigating such neural mechanisms are needed.

In conclusion, despite the limitations mentioned, our results
suggested that L-Theanine was effective for reducing the stress
responses elicited by the mental arithmetic task. These results
suggest that L-Theanine exerts anti-stress effects during an
acute stress challenge.
References
Atanackovic, D., Brunner-Weinzierl, M.C., Kroger, H., Serke, S., Deter, H.C.,
2002. Acute psychological stress simultaneously alters hormone levels,
recruitment of lymphocyte subsets, and production of reactive oxygen
species. Immunological Investigations 31, 73–91.
Bachen, E.A., Manuck, S.B., Marsland, A.L., Cohen, S., Malkoff, S.B.,
Muldoon, M.F., Rabin, B.S., 1992. Lymphocyte subset and cellular immune
responses to a brief experimental stressor. Psychosomatic Medicine 54,
673–679.
Bosch, J.A., de, Geus, E.J., Kelder, A., Veerman, E.C., Hoogstraten, J.,
Amerongen, A.V., 2001. Differential effects of active versus passive coping
on secretory immunity. Psychophysiology 38, 836–846.
Bosch, J.A., de, Geus, E.J., Veerman, E.C., Hoogstraten, J., Nieuw Amerongen,
A.V., 2003. Innate secretory immunity in response to laboratory stressors
that evoke distinct patterns of cardiac autonomic activity. Psychosomatic
Medicine 65, 245–258.
Breznitz, S., Ben-Zur, H., Berzon, Y., Weiss, D.W., Levitan, G., Tarcic, N.,
Lischinsky, S., Greenberg, A., Levi, N., Zinder, O., 1998. Experimental
induction and termination of acute psychological stress in human
volunteers: effects on immunological, neuroendocrine, cardiovascular,
and psychological parameters. Brain, Behavior, and Immunity 12,
34–52.
Carpenter, G.H., Proctor, G.B., Anderson, L.C., Zhang, X.S., Garrett, J.R.,
2000. Immunoglobulin A secretion into saliva during dual sympathetic and
parasympathetic nerve stimulation of rat submandibular glands. Experimental Physiology 85, 281–286.
Cooper, R., Morre, D.J., Morre, D.M., 2005. Medicinal benefits of green tea:
Part II. Review of anticancer properties. Journal of Alternative and Complementary Medicine 11, 639–651.
Fujita, H., Aoki, N., Sasaki, M., 1994. Mutagenicity test of food additives with
Salmonella typhimurium TA97 and TA102. Annual Report of Tokyo
Metropolitan Institute of Public Health 45, 191–199.
Herbert, T.B., Cohen, S., Marsland, A.L., Bachen, E.A., Rabin, B.S., Muldoon,
M.F., Manuck, S.B., 1994. Cardiovascular reactivity and the course of
immune response to an acute psychological stressor. Psychosomatic Medicine 56, 337–344.
Isowa, T., Ohira, H., Murashima, S., 2004. Reactivity of immune, endocrine and
cardiovascular parameters to active and passive acute stress. Biological
Psychology 65, 101–120.
Jennings, K.R., Wood, C.C., 1976. The E-adjustment procedure for repeated
measures analysis of variance. Psychophysiology 13, 277–278.
Kakuda, T., Nozawa, A., Sugimoto, A., Nino, H., 2002. Inhibition by theanine
of binding of [3H]AMPA, [3H]Kainate, and [3H]MDL 105,519 to glutamate receptors. Bioscience, Biotechnology, and Biochemistry 66, 2683–
2686.
Kakuda, T., Nozawa, A., Unno, T., Okamura, N., Okai, O., 2000. Inhibiting
effects of theanine on caffeine stimulation evaluated by EEG in the rat.
Bioscience, Biotechnology, and Biochemistry 64, 287–293.
Kimura, K., Isowa, T., Ohira, H., Murashima, S., 2005. Temporal variation of
acute stress responses in sympathetic nervous and immune systems. Biological Psychology 70, 131–139.
Kimura, R., Murata, T., 1986. Effect of theanine on norepinephrine and
serotonin levels in rat brain. Chemical and Pharmaceutical Bulletin 34,
3057–3059.
Kobayashi, K., Nagato, Y., Aoi, N., Juneja, L.R., Kim, M., Yamamoto, T.,
Sugimoto, S., 1998. Effects of l-theanine on the release of a-brain waves in
human volunteers. Nippon Nogeikagaku Kaishi 72, 153–157.
Lowy, M., Gault, L., Yamamato, B., 1993. Adrenalectomy attenuates stressinduced elevation in extracellular glutamate concentration in hippocampus.
Journal of Neuroscience 61, 1957–1960.

Please cite this article as: Kenta Kimura et al., L-Theanine reduces psychological and physiological stress responses, Biological Psychology
(2006), doi:10.1016/j.biopsycho.2006.06.006

+ Models

BIOPSY-5806; No of Pages 7

K. Kimura et al. / Biological Psychology xxx (2006) xxx–xxx
Moghaddam, B., 1993. Stress preferentially increase extraneuronal levels of
excitatory amino acids in the prefrontal cortex: comparison to hippocampus
and basal ganglia. Journal of Neuroscience 60, 1650–1657.
Nagasawa, K., Aoki, H., Yasuda, E., Nagai, K., Shimohama, S., Fujimoto, S.,
2004. Possible involvement of group I mGluRs in neuroprotective effect of
theanine. Biochemical and Biophysical Research Communications 320,
116–122.
Nakazato, K., Mizoguchi, T., 1982. Development and validation of Japanese
version of State-Trait Anxiety Inventory. Shinshin-Igaku 22, 107–112.
Speilberger, C.D., Gorusch, R.L., Lushene, R.D., 1970. STAI Manual for
the State-Trait Anxiety Inventory. Consulting Psychologists Press, Palo
Alto, CA.
Task Force of the European Society of Cardiology, The North American Society
of Pacing and Electrophysiology, 1996. Heart rate variability. Standards of
measurement, physiological interpretation, and clinical use. Circulation 93,
1043–1065.
Terashima, T., Takido, J., Yokogoshi, H., 1999. Time-dependent changes of
amino acids in the serum, liver, brain and urine of rats administered with
theanine. Bioscience, Biotechnology, and Biochemistry 63, 615–618.
Winzer, A., Ring, C., Carroll, D., Willemsen, G., Drayson, M., Kendall, M.,
1999. Secretory immunoglobulin A and cardiovascular reactions to mental
arithmetic, cold pressor and exercise: effects of beta-adrenergic blockade.
Psychophysiology 36, 591–601.

7

Willemsen, G., Ring, C., Carroll, D., Evans, P., Clow, A., Hucklebridge, F.,
1998. Secretory immunoglobulin A and cardiovascular reactions to mental
arithmetic and cold pressor. Psychophysiology 35, 252–259.
Willemsen, G., Ring, C., McKeever, S., Carroll, D., 2000. Secretory immunoglobulin A and cardiovascular activity during mental arithmetic: effects
of task difficulty and task order. Biological Psychology 52, 127–141.
Willemsen, G., Carroll, D., Ring, C., Drayson, M., 2002. Cellular and mucosal
immune reactions to mental and cold stress: associations with gender and
cardiovascular reactivity. Psychophysiology 39, 222–228.
Yamane, T., Hagiwara, N., Tateishi, M., Akachi, S., Kim, M., Okuzumi, J.,
Kitao, Y., Inagake, M., Kuwata, K., Takahashi, T., 1991. Inhibition of
azoxymethane-induced colon carcinogenesis in rat by green tea polyphenol
fraction. Japanese Journal of Cancer Research: Gann 82, 1336–1339.
Yokogoshi, H., Kato, Y., Sagesaka, Y., Takihara, M., Matsuura, T., Kakuda, T.,
Takeuchi, N., 1995. Reduction effect of theanine on blood pressure and
brain 5-hydroxyindoles in spontaneously hypertensive rats. Bioscience,
Biotechnology, and Biochemistry 59, 615–618.
Yokogoshi, H., Kobayashi, M., Mochizuki, M., Terashima, T., 1998a. Effect of
theanine, r-glutamyethylamide, on brain monoamines and striatal dopamine
release in conscious rats. Neurochemistry Research 23, 667–673.
Yokogoshi, H., Mochizuki, M., Saitoh, K., 1998b. Theanine-induced reduction
of brain serotonin concentration in rats. Bioscience, Biotechnology, and
Biochemistry 62, 816–817.

Please cite this article as: Kenta Kimura et al., L-Theanine reduces psychological and physiological stress responses, Biological Psychology
(2006), doi:10.1016/j.biopsycho.2006.06.006

