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Purpose: Theanine, an amino acid in tea, has significant anti-stress effect on experimental animals under psycho-
social stress. Anti-stress effect of theanine on humanswas evaluated in 5th-year university students during phar-
macy practice.
Method: The study design was a single-blind group comparison and participants (n = 20) were randomly
assigned to theanine or placebo groups. Theanine or placebo (lactose) tablets (200 mg, twice a day, after break-
fast and lunch)were taken from 1 week prior to the pharmacy practice and continued for 10 days in the practice
period. To assess the anxiety of the participants, the state–trait anxiety inventory test was carried out before the
pharmacy practice. Salivary α-amylase activity (sAA) was measured as a marker of sympathetic nervous system
activity.
Results: In the placebo-group, sAA in the morning (pre-practice sAA) was higher than in theanine-group during
the pharmacy practice (p = 0.032). Subjective stress was significantly lower in the theanine-group than in the
placebo-group (p = 0.020). These results suggest that theanine intake had anti-stress effect on students. Fur-

thermore, students with higher pre-practice sAA showed significantly higher trait anxiety in both groups
(p = 0.015). Similarly, higher pre-practice sAA was correlated to shorter sleeping time in both groups (p =
0.41 × 10−3).
Conclusion: Stressful condition increased the level of sAA that was essentially affected by individual trait anxiety.
The low levels of pre-practice sAA and subjective stress in the theanine-group suggest that theanine intake
suppressed initial stress response of students assigned for a long-term commitment of pharmacy practice.
© 2013 Elsevier Inc. All rights reserved.
1. Introduction

Chronic psychosocial stress is associated with the development of
depression, mood disorders, as well as cardiovascular and other age-
related diseases (McEwen and Magarinos, 1997; Pedersen et al., 2001;
Gareri et al., 2002; Bellinger et al., 2008; Thayer et al., 2010). Interven-
tion of stress-induced alterations with dietary supplements is a poten-
tial therapeutic strategy for a healthy life. We have previously
HPA, hypothalamus–pituitary–
AA, sAA in the morning; post-
ty inventory; VAS, visual analog
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reported that the intake of theanine (γ-glutamylethylamide)
suppressed the stress-derived malfunctions in aged mice that were
chronically stressed under the confrontational housing (Unno et al.,
2011, 2013). Theanine (L-theanine) is the most abundant amino acid
in tea. The sweet umami taste of green tea is due to amino acids, espe-
cially theanine. Several studies have reported that theanine exerts
neuroprotective effects (Nagasawa et al., 2004; Egashira et al., 2004,
2007, 2008; Cho et al., 2008; Kim et al., 2009), modulates the activity
of neurotransmitters (Yamada et al., 2007; Kakuda et al., 2008) and re-
duces psychological stress (Kimura et al., 2007). In this study, we aimed
to investigate the effect of theanine supplementation on stress re-
sponses in 5th-year college students of the school of pharmaceutical sci-
ences. Theywere assigned to practice outside the university such as in a
hospital or a drug store, for 11 weeks. Such a long-term commitment in
new environments provides a stressful condition for young students.
Salivaryα-amylase activity (sAA), an oral cavity enzyme, wasmeasured
as a stress marker (Nater and Rohleder, 2009). Twomain body systems
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are involved in the stress response, the autonomic nervous system
(ANS) and the hypothalamus–pituitary–adrenal (HPA) axis. Measure-
ment of sAA has been demonstrated as a useful tool for monitoring
ANS reactivity to stress (Nater and Rohleder, 2009). This enzyme is in-
creased rapidly in response to physiological and psychosocial stress
(Almela et al., 2011; Nater et al., 2005, 2006; Rohleder et al., 2004).
The secretion of salivary amylase is directly stimulated by innervation
followed by hormonal regulation in response to changes in serum nor-
adrenalin levels. Therefore, the salivary gland acts more quickly and
sensitively responds to the psychological stress than cortisol
(Yamaguchi et al., 2004). The measurement of sAA is an efficient and
non-invasive assessment to study the effect of psychosocial stress. In
the present study, considering possible individual variability in
responding to the same stressful condition, trait anxiety, physical condi-
tion, subjective stress, achievement emotion and sleeping time were
scored and integrated with the changes in sAA in each participant dur-
ing pharmacy practice. Our results suggest that the theanine supple-
mentation is beneficial in suppressing psychosocial stress in humans.
100
pre-practice

post-practice
2. Methods

2.1. Participants

Twenty healthy 5th-year students of theUniversity of Shizuoka,who
participated in the experiment, were randomly divided into two groups
with matching sex: theanine (n = 10, 7 men and 3 women; average
age 22.5 ± 0.2 yr) and placebo (n = 10, 7 men and 3 women; average
age 22.2 ± 0.1 yr) via sealed envelopes to receive theanine or placebo
tablets. The students were assigned to practice outside the university,
in a hospital or a drug store for 11 weeks. The first 10 days of the prac-
tice programwere analyzed, because these dayswere assumed to be the
most stressful. None of the participants indicated acute or chronic
disease, regular medication intake, or habitual smoking. They were
instructed to drink mainly water, and not to take theanine- and
caffeine-rich beverages such as green tea, coffee, and black tea through-
out the experiment. The study was conducted in accordance with the
Declaration of Helsinki. The study protocol was approved by the Ethics
Committee of the University of Shizuoka. All the participants received
verbal andwritten information about the study and signed an informed
consent form before entering the study. This study was registered at
clinicaltrials.gov (registration ID no. NCT01361204). The study period
was from March to September in 2011.
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Fig. 1. Salivaryα-amylase activity (sAA) of the participants during pharmacy practice was
measured in themorning afterwaking up (pre-practice, gray bar) and in the evening after
practice (post-practice, black bar). Theanine or placebo (lactose) tablets (200 mg, twice a
day, after breakfast and lunch) were taken from 1 week prior to the pharmacy practice
and continued for 10 days in the practice period. To assess a basal level, the participants
measured sAA during daily life at the university with no-medication. The levels of sAA
in unassigned days were not included in the analysis. Data are expressed asmean + SEM
(*, p = 0.032).
2.2. Procedure

This study was a group comparison design and participants were
randomly assigned to theanine or placebo groups. The participants did
not knowwhether they were consuming theanine or placebo. To assess
the anxiety of the participants, the state–trait anxiety inventory (STAI)
test (Japanese STAI Form X-1, Sankyobo, Kyoto, Japan) was carried out
before the pharmacy practice.

Theanine or placebo (lactose) tablets (200 mg, twice a day, after
breakfast and lunch; Lyon et al., 2011; Kimura et al., 2007; Lu et al.,
2004) were taken from 1 week prior to the pharmacy practice and
continued for 10 days in the practice period, in total for 17 days.

The placebo tablet of lactose was in a similar color to a theanine tab-
let. A questionnaire including physical condition, subjective stress and
achievement emotion was assigned for 10 days after each day's prac-
tice. The physical condition of the participant was assigned an ordinal
scale (5, very good; 4, good; 3, normal; 2, a little bad; 1, bad). Subjective
stress was evaluated using visual analog scales (VAS: 0–10) from very
relaxed to highly stressed. Achievement emotion was assigned an ordi-
nal scale (5, completely; 4, better; 3, a little better; 2, a little worse; 1,
much worse). Sleeping hours were also recorded.
2.3. Measurement of sAA

To assess the physiological stress response, sAA was measured
using a colorimetric system (Nipro Co., Osaka, Japan; Yamaguchi
et al., 2004). Briefly, a substrate 2-chloro-4-nitrophenyl-4-O-β-D-
galactopyranosylmaltoside is hydrolyzed by salivary amylase in the
presence of maltose, a competitive inhibitor. This reaction turns a color
of a reagent strip from yellow to white, which change is quantified
using a salivary amylase monitor. One unit activity (U) per mass of en-
zyme is defined as theproduction of 1 μmol of the reduction sugar,malt-
ose, in 1 min (NC-IUBNB, 1992).

Saliva was collected twice a day, in themorning after waking up and
in the evening after practice, for 10 days during the practice. Prior to
sampling, participants washed their mouths with water. After saliva
was collected for 30 s using a sampling tip, each participant measured
own sAA immediately every morning and evening for 10 days (includ-
ing unassigned days, (i.e., aweekend),whichmeasurementwas exclud-
ed in the analyses).

To establish a no-stress and no-medication baseline of sAA, the par-
ticipants measured sAA every morning and evening for 10 days during
routine daily life at the university. The measurement was carried out
before the pharmacy practice.

2.4. Statistical analysis

All results are expressed as mean ± SEM. The influence of stress on
sAA was evaluated by two-way ANOVA and the Bonferroni test for dif-
ferences between means. Correlation coefficients were obtained using
a statistical analysis program (StatPlus, AnalystSoft Inc., online version).
The comparison of correlation coefficients between placebo- and
theanine-groups was carried out using Fisher's z-test. In each analysis,
a p value b 0.05 was considered to be statistically significant.

3. Results

3.1. Changes of sAA

There was no significant difference in sAA levels between in the
morning and in the evening during routine daily life at the university
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Fig. 2. Correlation between pre- and post-practice sAAs. (a), Placebo-group; (b), theanine-group. Each point of sAA represents themean value of each participant that was calculated from
sAA during pharmacy practice. Data are expressed as mean ± SEM.
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(Fig. 1). During the practice, the level of pre-practice sAA (i.e., in the
morning) (40 U/ml) was considered to be a baseline of sAA in the par-
ticipants. The pre-practice sAA was significantly higher in the placebo-
group than in the theanine-group (p = 0.032; two-way ANOVA)
(Fig. 1). The theanine-group maintained the baseline observed during
routine activity at the university. There was no significant difference
in post-practice sAA (i.e., in the evening), however, the placebo-group
showed a tendency of higher levels compared to the theanine-group
(p = 0.491). In the theanine-group, the post-practice sAA tended to
be higher than the pre-practice sAA (p = 0.056).

Considering individual variability, the mean values of pre- and post-
practice sAA of each participant were analyzed. Participants of higher
pre-practice sAA exhibited higher post-practice sAA (placebo, R =
0.651 and p = 0.042; theanine, R = 0.943 and p = 0.41 × 10−4;
Fig. 2). The correlation between pre- and post-practice sAAs tended to
be higher in the theanine-group than in the placebo-group (p = 0.069,
Fisher-z test).

3.2. STAI value

The average STAI values were examined to assess anxiety based on
the appraisal standard and therewas no difference between two groups
(Table 1). However, a positive correlation was observed between the
values of STAI and pre-practice sAA in the placebo-group (R = 0.742,
p = 0.014; Fig. 3a). Participants with high STAI value exhibited the
high level of pre-practice sAA. In the theanine-group, a positive correla-
tion between STAI and pre-practice sAA was similarly observed (R =
0.560, p = 0.092; Fig. 3b). The correlation coefficients between STAI
value and post-practice sAA were low in both the placebo-group
Table 1
Characteristics of the placebo-group and the theanine-group.

Placebo Theanine

Age 22.5 ± 0.2 22.2 ± 0.1
Men/women 7/3 7/3
STAI value 41.0 ± 2.9 41.9 ± 2.4
Physical condition (score: 1–5) 3.65 ± 0.19 3.69 ± 0.23
Subjective stress (VAS: 0–10) 4.07 ± 0.33 3.10 ± 0.25⁎

Achievement emotion (score: 1–5) 3.26 ± 0.07 3.19 ± 0.06
Sleeping time (h) 6.20 ± 0.19 6.22 ± 0.25

⁎ p = 0.020.
(R = 0.505, p = 0.137) and the theanine-group (R = 0.580, p =
0.079) (Fig. 3c and d).

3.3. Subjective stress

Psychosocial stress was evaluated by each participant at the end of
daily practice using VAS (0–10). The average score was significantly
lower in the theanine-group than in the placebo-group (p = 0.020;
one-way ANOVA; Table 1), which trait is notable from the first day of
pharmacy practice (Fig. 4).

A positive correlation between subjective stress and post-practice
sAA was observed both in the theanine-group (R = 0.771, p = 0.0090;
Fig. 5b) and in the placebo-group (R = 0.582, p = 0.077: Fig. 5a). The
correlation coefficientswere not significantly different (p N 0.05, Fisher's
z-test). Next, the participants were divided into three grades based on
the subjective stress score (low: 0–3.4, middle: 3.5–6.4, and high: 6.5–
10). The participants with low subjective stress exhibited significantly
lower post-practice sAA in the theanine-group than in the placebo-
group (p = 0.0023; one-way ANOVA; Table 2). No theanine-group par-
ticipants showed high subjective stress. A close relationship between
subjective stress and STAI was observed in theanine-group (R = 0.866
and p = 0.0012; Fig. 5d) but not in placebo-group (Fig. 5c).

3.4. Achievement emotion

Achievement emotion was evaluated by participants as an ordinal
scale at the end of daily practice (Table 1). It was negatively correlated
with post-practice sAA both in the placebo-group (R = −0.440, p =
0.204) and in the theanine-group (R = −0.315, p = 0.376) but not
with STAI (Fig. 6).

3.5. Influence of physical condition and sleeping time

As pre-practice sAA was significantly lower in the theanine-group
than in the placebo (Fig. 1), effects of physical condition and sleeping
time were examined. No serious disturbance was reported in either
theanine- or placebo-groups. The average values of physical condition
and sleeping time were not different between the two groups (Table 1).
No direct correlation between sAA and sleeping time was observed in
each group (Fig. 7). However, when the sleeping timewas compared be-
tween participants with low and high pre-practice sAA (with the cutoff
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Fig. 3. Correlation between STAI and sAA. (a), STAI and pre-practice sAA of the placebo-group; (b), STAI and pre-practice sAA of the theanine-group; (c), STAI and post-practice sAA of the
placebo-group; and (d), STAI and post-practice sAA of the theanine-group. Data are expressed as mean ± SEM.

131K. Unno et al. / Pharmacology, Biochemistry and Behavior 111 (2013) 128–135
value of 50 U/ml), it was significantly shorter in the participants with
high pre-practice sAA (p = 0.41 × 10−3; one-way ANOVA). STAI value
was also significantly higher in the participants with high pre-practice
sAA (p = 0.015; one-way ANOVA; Table 3).
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Fig. 4.Daily score of subjective stress for 7 days in placebo- (gray bar) and theanine-group
(black bar). Data are expressed as mean ± SEM.
4. Discussion

4.1. Pharmacy practice during initial weeks is a stressful condition for
students

It has been reported that sAA levels, a biomarker of ANS excitation,
were low at the time of waking up (Adam et al., 2011) and the levels
increased during the course of the day (Nater et al., 2007; Wingenfeld
et al., 2010; Out et al., 2013). However, the circadian rhythm of sAA
remains relatively constant throughout the day under a stress-free envi-
ronment (Yamaguchi et al., 2006). Thus, in this study, the daily life at
university was considered to be a stress-free state for the participants,
which reflects the baseline of pre-practice sAA.

On the other hand, diurnal profile of sAA secretion has been reported
to be altered by chronic stress or stress-related diseases. For example,
levels of sAA after awakening increased rapidly in patients with
posttraumatic stress disorder compared to healthy controls (Thoma
et al., 2012). Diurnal sAA was associated with chronic stress and mood
in healthy volunteers (Nater et al., 2007). In our study, increased levels
of sAA in themorning and evening were observed in the participants of
placebo-group during pharmacy practice. It suggests that pharmacy
practice outside the university was a stressful condition for the partici-
pants, at least during the initial several weeks.While all the participants
reported that they felt less stressed toward the end of the 11 week-
practice (data not shown), theanine intake should be beneficial for re-
ducing psychological burden during the initial weeks under stressful
condition.
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4.2. Interaction among sAA, trait anxiety and subjective stress

Although the levels of sAA considerably varied among the partici-
pants under the stressful condition, the pre-practice sAAwas correlated
with the STAI value, i.e., trait anxiety of each participant. The partici-
pants with low pre-practice sAA (b50 U/ml) exhibited significantly
lower value of STAI than the participants of high pre-practice sAA
(N50 U/ml) in both groups. These results indicate that trait anxiety of
each participant essentially affects on the level of sAA. In addition,
theanine intake had a role in suppressing the pre-practice sAA to the
level of a non-stressful baseline under stressful condition. Although
the post-practice sAA was increased, it was not statistically significant
in the theanine-group. Moreover, the subjective stress was significantly
lower in the theanine-group than in the placebo-group. The daily score
of subjective stresswas already low in the theanine-group from the first
day of pharmacy practice, suggesting that the prior intake of theanine
was effective for suppression of subjective stress.

In the participants with lower subjective stress (b3.4), post-practice
sAA was significantly lower in the theanine-group than in the placebo-
Table 2
Relation between the level of subjective stress and post-practice sAA.

Group Subjective stress

0–3.4 3.5–6.4 6.5–10

Placebo n 5 4 1
Post-practice sAA (U/ml) 57.3 ± 4.6 55.5 ± 6.4 114.3 ± 23.0

Theanine n 5 5 0
Post-practice sAA (U/ml) 37.7 ± 4.0⁎ 68.1 ± 6.6

⁎ p = 0.0023.
group. Some participants regarded the pharmacy practice as a relatively
easy task, and reported low subjective stress. However, their nervous
system could have been more excited than the self-reported stress
level in the placebo-group. Thus, it is possible that they underestimated
their true stress level. It has been reported that sAA was already high
prior to the examination in dental school students with anticipation,
while subjective distress was low (Robles et al., 2011). These results
imply that the level of sAA is closely correlated with subjective stress,
while excitation of the nervous system leads to higher sAA than the
level of subjective stress.

As negative emotions such as anxiety, hopelessness and shame
affect performance negatively (Pekrun et al., 2009), a participant with
negative emotion could have evaluated his/her performance negatively.
However, achievement emotion tended to correlate negatively to post-
practice sAA but not to STAI.

4.3. Role of theanine in stress response

Orally consumed theanine is easily absorbed from the intestinal tract
and partially transported into the brain competitively via the L-system
at the blood–brain barrier (Yokogoshi et al., 1998; Terashima et al.,
1999). The level of theanine intragastrically administered reached to
the highest in the brain of rats after 5 h, and completely disappeared
within 24 h (Terashima et al., 1999). In the theanine-group, the level
of theanine in the brain might have been high from noon to evening
and gradually decreased toward the next morning.

Theanine incorporation into the brain is reported to reduce the re-
lease of glutamate frompresynapse to the synaptic cleft by strongly act-
ing as a glutamine transporter (Kakuda et al., 2008; Kakuda, 2011). It
then inhibits the incorporation of extracellular glutamine into neurons,
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Table 3
Relation between the level of pre-practice sAA and sleeping time.

Pre-practice sAA Low High

b50 U/ml N50 U/ml

Number of participants Placebo Theanine Placebo Theanine
4 6 6 4

Sleeping time (h) 6.54 ± 0.10 5.94 ± 0.13⁎

(⁎ p = 0.41 × 10−3)
STAI 37.2 ± 2.6 45.7 ± 1.79⁎

(⁎ p = 0.015)
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which suppresses the conversion of glutamine to glutamate, a potent
excitatory amino acid, by glutaminase. We have shown that theanine
intake completely suppressed HPA-axis alteration and behavioral de-
pression inmice (Unno et al., 2013). These results suggest that theanine
has an anti-stress effect through the suppression of adverse alteration of
the HPA axis under stressful condition. Therefore, theanine intake may
suppress the ANS and HPA axis excitability by reducing glutamate re-
lease, and lead to the low subjective stress.

Theanine intake has been reported to be effective in improving sleep
quality (Lyon et al., 2011). The sleeping time of participants with high
sAA (N50 U/ml) was significantly shorter than participants with low
sAA (b50 U/ml) in both groups (Table 3). It has been reported that in
children with short sleeping time, sAA of the baseline and peak levels
were higher after a standardized psychosocial stress test than in those
with average sleep duration (Räikkönen et al., 2010). Taken together,
it implies that a short sleeping period does not allow the excited ner-
vous system to recover, not only in children but also in adults. While
some individuals who slept for a short period of time exhibited low
sAA in this study, short sleepmay have overactivated the ANS. Theanine
incorporated into the brain may be effective for resetting stress re-
sponse to basal level during sleep. In a modern stressful life, excitation
of the ANS and HPA axis is rather anticipated as a daily stress response.
Therefore, it should be beneficial when one can suppress excessive exci-
tation and reset it to a basal level by the nextmorning. It is of interest to
examine effects of sleeping time and quality on excitation of the ner-
vous system.
5. Conclusions

Anti-stress effect of theanine on humans was evaluated in the stu-
dents during pharmacy practice. The levels of sAA were measured as a
marker for sympathetic nervous system activity. Pre-practice sAA was
significantly lower in the theanine-group than in the placebo-group.
The level of pre-practice sAA was predominantly affected by trait anxi-
ety. Post-practice sAA was positively correlated to subjective stress.
Theanine ingestion significantly decreased subjective stress. Sufficient
sleep would also be helpful for suppressing excessive excitation.
Taken together, sAA is a useful biomarker for evaluating physical and
psychological conditions and theanine intake has a significant anti-
stress effect on humans.
Acknowledgments

The authors thank all participants of the study. This research study
was supported by a Grant-in-Aid for Scientific Research (KAKENHI
23617014) and a grant for specially promoted research of theUniversity
of Shizuoka.
References

Adam EK, Till Hoyt L, Granger DA. Diurnal alpha amylase patterns in adolescents: associ-
ations with puberty and momentary mood states. Biol Psychol 2011;88:170–3.
Almela M, Hidalgo V, Villada C, van der Meij L, Espín L, Gómez-Amor J, et al. Salivary
alpha-amylase response to acute psychosocial stress: the impact of age. Biol Psychol
2011;87:421–9.

Bellinger DL, Lubahn C, Lorton D. Maternal and early life stress effects on immune func-
tion: relevance to immunotoxicology. J Immunotoxicol 2008;5:419–44.

Cho H-S, Kim S, Lee S-Y, Park JA, Kim S-J, Chun HS. Protective effect of green tea component,
L-theanine on environmental toxins-induced neuronal cell death. Neurotoxicology
2008;29:656–62.

Egashira N, Hayakawa K, Mishima K, Kimura H, Iwasaki K, Fujiwara M. Neuroprotective
effect of γ-glutamylethylamide (theanine) on cerebral infarction in mice. Neurosci
Lett 2004;363:58–61.

Egashira N, Hayakawa K, Osajima M, Mishima K, Iwasaki K, Oishi R, et al. Involvement of
GABAA receptors in the neuroprotective effect of theanine on focal cerebral ischemia
in mice. J Pharmacol Sci 2007;105:211–4.

Egashira N, Ishigami N, Pu F, Mishima K, Iwasaki K, Orito K, et al. Theanine prevents mem-
ory impairment induced by repeated cerebral ischemia in rats. Phytother Res
2008;22:65–8.

Gareri P, De Fazio P, De Sarro G. Neuropharmacology of depression in aging and
age-related diseases. Ageing Res Rev 2002;1:113–34.

Kakuda T. Neuroprotective effects of theanine and its preventive effects on cognitive dys-
function. Pharmacol Res 2011;64:162–8.

Kakuda T, Hinoi E, Abe A, Nozawa A, Ogura M, Yoneda Y. Theanine, an ingredient of green
tea, inhibits [3H] glutamine transport in neurons and astroglia in rat brain. J Neurosci
Res 2008;86:1846–56.

Kim TI, Lee YK, Park SG, Choi IS, Ban JO, Park HK, et al. L-Theanine, an amino acid in green
tea, attenuates β-amyloid-induced cognitive dysfunction and neurotoxicity: reduc-
tion in oxidative damage and inactivation of ERK/p38 kinase and NF-κB pathway.
Free Radic Biol Med 2009;47:1601–10.

Kimura K, Ozeki M, Juneja LR, Ohira H. L-Theanine reduces psychological and physiologi-
cal stress responses. Biol Psychol 2007;74:39–45.

Lu K, Gray MA, Oliver C, Liley DT, Harrison BJ, Bartholomeusz CF, et al. The acute effects of
L-theanine in comparison with alprazolam on anticipatory anxiety in humans. Hum
Psychopharmacol 2004;19(7):457–65.

Lyon MR, Kapoor MP, Juneja LR. The effects of L-theanine (Suntheanine®) on objective
sleep quality in boyswith attention deficit hyperactivity disorder (ADHD): a random-
ized, double-blind, placebo-controlled clinical trial. Altern Med Rev 2011;16:348–54.

McEwen BS, Magarinos AM. Stress effects on morphology and function of the hippocam-
pus. Ann N Y Acad Sci 1997;821:271–84.

Nagasawa K, Aoki H, Yasuda E, Nagai K, Shimohama S, Fujimoto S. Possible involvement of
group I mGluRs in neuroprotective effect of theanine. Biochem Biophys Res Commun
2004;320:116–22.

Nater UM, Rohleder N. Salivary alpha-amylase as a non-invasive biomarker for the sym-
pathetic nervous system: current state of research. Psychoneuroendocrinology
2009;34:486–96.

Nater UM, Rohleder N, Gaab J, Berger S, Jud A, Kirschbaum C, et al. Human salivary
alpha-amylase reactivity in a psychosocial stress paradigm. Int J Psychophysiol
2005;55:333–42.

Nater UM, La Marca R, Florin L, Moses A, Langhans W, Koller MM, et al. Stress-induced
changes in human salivary alpha-amylase activity — associations with adrenergic
activity. Psychoneuroendocrinology 2006;31:49–58.

Nater UM, Rohleder N, Schlotz W, Ehlert U, Kirschbaum C. Determinants of the diurnal
course of salivary alpha-amylase. Psychoneuroendocrinology 2007;32:392–401.

Out D, Granger DA, Sephton SE, Segerstrom SC. Disentangling sources of individual differ-
ences in diurnal salivary α-amylase: reliability, stability and sensitivity to context.
Psychoneuroendocrinology 2013;38:367–75.

Pedersen WA, Wan R, Mattson MP. Impact of aging on stress-responsive neuroendocrine
systems. Mech Ageing Dev 2001;122:963–83.

PekrunR, Elliot AJ,MaierMA. Achievement goals and achievement emotions: testing amodel
of their joint relation with academic performance. J Educ Psychol 2009;101:115–35.

Räikkönen K, Matthews KA, Pesonen AK, Pyhälä R, Paavonen EJ, Feldt K, et al. Poor sleep
and altered hypothalamic–pituitary–adrenocortical and sympatho-adrenal–medullary
system activity in children. J Clin Endocrinol Metab 2010;95:2254–61.

Robles TF, Shetty V, Zigler CM, Glover DA, Elashoff D,MurphyD, et al. The feasibility of am-
bulatory biosensor measurement of salivary alpha amylase: relationships with
self-reported and naturalistic psychological stress. Biol Psychol 2011;86:50–6.

Rohleder N, Nater UM, Wolf JM, Ehlert U, Kirschbaum C. Psychosocial stress-induced ac-
tivation of salivary alpha-amylase: an indicator of sympathetic activity? Ann N Y
Acad Sci 2004;1032:258–63.

Terashima T, Takido J, Yokogoshi H. Time-dependent changes of amino acids in the
serum, liver, brain and urine of rats administrated with theanine. Biosci Biotechnol
Biochem 1999;63:615–8.

Thayer JF, Yamamoto SS, Brosschot JF. The relationship of autonomic imbalance, heart rate
variability and cardiovascular disease risk factors. Int J Cardiol 2010;141:122–31.

Thoma MV, Joksimovic L, Kirschbaum C, Wolf JM, Rohleder N. Altered salivary
alpha-amylase awakening response in Bosnian War refugees with posttraumatic
stress disorder. Psychoneuroendocrinology 2012;37:810–7.

Unno K, Fujitani K, Takamori N, Takabayashi F, Maeda K, Miyazaki H, et al. Theanine
intake improves the shortened lifespan, cognitive dysfunction and behavioural de-
pression that are induced by chronic psychosocial stress in mice. Free Radic Res
2011;45:966–74.

Unno K, Iguchi K, Tanida N, Fujitani K, Takamori N, Yamamoto H, et al. Ingestion of
theanine, an amino acid in tea, suppresses psychosocial stress in mice. Exp Physiol
2013;98:290–303.

Wingenfeld K, Schulz M, Damkroeger A, Philippsen C, Rose M, Driessen M. The diurnal
course of salivary alpha-amylase in nurses: an investigation of potential confounders
and associations with stress. Biol Psychol 2010;85:179–81.

http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0005
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0005
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0010
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0010
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0010
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0015
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0015
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0020
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0020
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0020
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0020
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0025
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0025
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0025
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0030
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0030
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0030
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0030
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0035
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0035
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0035
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0040
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0040
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0045
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0045
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0050
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0050
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0050
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0050
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0185
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0185
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0185
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0185
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0185
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0060
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0060
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0060
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0065
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0065
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0065
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0065
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0070
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0070
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0070
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0070
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0070
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0075
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0075
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0080
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0080
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0080
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0100
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0100
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0100
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0090
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0090
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0090
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0085
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0085
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0085
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0095
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0095
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0105
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0105
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0105
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0110
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0110
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0115
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0115
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0120
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0120
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0120
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0125
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0125
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0125
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0130
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0130
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0130
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0135
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0135
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0135
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0140
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0140
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0145
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0145
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0145
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0150
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0150
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0150
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0150
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0155
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0155
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0155
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0160
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0160
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0160


135K. Unno et al. / Pharmacology, Biochemistry and Behavior 111 (2013) 128–135
Yamada T, Terashima T, Wada K, Ueda S, Ito M, Okubo T, et al. Theanine,
γ-glutamylethylamide, increases neurotransmission concentrations and neurotrophin
mRNA levels in the brain during lactation. Life Sci 2007;81:1247–55.

Yamaguchi M, Kanemori T, Kanemaru M, Takai N, Mizuno Y, Yoshida H. Performance
evaluation of salivary amylase activity monitor. Biosens Bioelectron 2004;20:
491–7.
Yamaguchi M, Deguchi M, Miyazaki Y. The effects of exercise in forest and urban environ-
ments on sympathetic nervous activity of normal young adults. J Int Med Res
2006;34:152–9.

Yokogoshi H, Kobayashi M, Mochizuki M, Terashima T. Effect of theanine, r-
glutamylethylamide, on brain monoamines and striatal dopamine release in
conscious rats. Neurochem Res 1998;23:667–73.

http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0165
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0165
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0165
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0175
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0175
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0175
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0170
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0170
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0170
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0180
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0180
http://refhub.elsevier.com/S0091-3057(13)00220-7/rf0180

	Anti-stress effect of theanine on students during pharmacy practice: Positive correlation among salivary α-amylase activity, trait anxiety and subjective stress
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Procedure
	2.3. Measurement of sAA
	2.4. Statistical analysis

	3. Results
	3.1. Changes of sAA
	3.2. STAI value
	3.3. Subjective stress
	3.4. Achievement emotion
	3.5. Influence of physical condition and sleeping time

	4. Discussion
	4.1. Pharmacy practice during initial weeks is a stressful condition for students
	4.2. Interaction among sAA, trait anxiety and subjective stress
	4.3. Role of theanine in stress response

	5. Conclusions
	Acknowledgments
	References


