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List of abbreviations

CE/TA ratio The molar ratio of the sum of caffeine (C) and EGCG
(E) to the sum of theanine (T) and arginine (A)

Dnmt3a DNA methyltransferase
EGCG Epigallocatechin gallate
GABA g-amino butyric acid
Holo-GR Agonist-bound glucocorticoid receptor
HPA Hypothalamus-pituitary-adrenal
IDO Indoleamine-2,3-dioxygenase
Kyn Kynurenine
Lcn2 Lipocalin 2
MRI Magnetic resonance imaging
Npas4 Neuronal PAS domain protein 4
REST Repressor element 1 silencing transcription factor
ROS Reactive oxygen species
SAMP10 Senescence-accelerated mouse prone 10
STAI State-trait anxiety inventory
VAS Visual analogue scale

Introduction

Theanine (L-theanine) is an amino acid found abundantly in
green tea, in the form of ethylamine bound to glutamic acid
(Fig. 61.1). It is a unique amino acid that is rarely found in
plants, except in the tea plant. Theanine accounts for 1%
e2% of the content of dried tea leaves and is especially
abundant in high-grade green teas as one of its tasty
components.

Since theanine is structurally similar to glutamic acid, a
neurotransmitter in the brain, it is thought to have some
physiological effects in the brain and has thus been the
subject of much research. In studies using experimental
animals, it was found that theanine is absorbed from the
intestine and then transported into the brain via the
bloodebrain barrier (Terashima et al., 1999), affecting
neurotransmitters such as dopamine (Yamada et al., 2009;
Yokogoshi et al., 1998), and inhibiting the excitatory

effects of caffeine (Kakuda et al., 2000), while studies us-
ing cultured cells reported its involvement in neuronal cell
regeneration (Yoneda et al., 2019, 2020). In humans, the-
anine has been reported to relax the brain (Kobayashi et al.,
1998), reduce stress (Kimura et al., 2007; Unno, Tanida
et al., 2013), improve memory (Baba et al., 2021; Kakuda,
2011), and alleviate depression and schizophrenia (Hidese
et al., 2017; Ota et al., 2015).

This chapter describes the stress-reducing effects of
theanine. Moderate stress is considered to be necessary and
has positive effects, whereas excessive and/or prolonged
stress load may cause the onset or worsening of various
diseases, including depression, mood disorders, cardiovas-
cular diseases, and aging-related diseases (Juruena et al.,
2020; Dar et al., 2019). It is well known that Alzheimer’s
disease causes brain atrophy, but repeated exposure to
intense stress can also cause brain atrophy in healthy in-
dividuals (Ansell et al., 2012). Brain atrophy has also been
reported in children who have been abused through
violence, verbal abuse, or neglect (Fujisawa et al., 2018).
Animal studies have been used to focus on changes in the
brain associated with stress loading. In addition, we will
introduce case studies in which theanine was shown to
reduce stress in human clinical trials. The stress-reducing
effects of green tea will be presented, including the ef-
fects of the major components of green tea, caffeine and
catechins, on theanine.

Stress-relieving effects of theanine in
animal studies

We investigated the stress-relieving effect of theanine using
laboratory animals. Normally, mice are kept in groups of
several mice per cage, but when two male mice are kept
separate in a cage with a dividing board, they establish a
sense of territoriality. Later, when the same two mice are

Tea in Health and Disease Prevention. https://doi.org/10.1016/B978-0-443-14158-4.00079-8
Copyright © 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and similar technologies. 719

https://doi.org/10.1016/B978-0-443-14158-4.00079-8


reared without the dividing board, they become stressed by
the presence of the other in their territory (Fig. 61.2).
Although these mice appear to be living in harmony with
each other, they are quite irritated because they fight easily
over the slightest thing.

A situation of confrontational rearing causes stress in
mice in the presence of other mice, and thus social psy-
chological stressdsimilar to stress in humansdis also
imposed on mice (Unno, Iguchi et al., 2013). When stress is
applied to an organism, stress responses such as changes in
hormone secretion and adrenal hypertrophy are observed
due to activation of the HPA axis, which consists of the
hypothalamus, pituitary gland, and adrenal cortex, via
excitatory signals.

When mice of the outbred strain ddY, a strain
commonly used in experiments, were used under confron-
tational rearing, the diurnal rhythm of glucocorticoids was
altered and adrenal hypertrophy was observed, but these
conditions were normalized in mice that ingested drinking
water containing theanine (Unno, Iguchi et al., 2013).
Normal diurnal rhythms of glucocorticoid are important for
synapse formation in the brain (Liston et al., 2013). Stress-
induced disruption of the diurnal rhythm of hormones is
thought to contribute to reduced brain function. Theanine
was shown to have stress-reducing effects by normalizing
the HPA axis.

Adrenal hypertrophy due to confrontational rearing was
observed in all strains of male mice examined to date. In the
case of ddY mice, adrenals were maximal at 1 day after the
start of confrontational rearing, while no significant
enlargement was observed after 10 days (Unno, Iguchi
et al., 2013). In contrast, adrenal hypertrophy was still
observed at 7 months after the start of confrontational
rearing in SAMP10 mice, a model of accelerated senes-
cence (Unno et al., 2011). SAMP10 mice have a shorter
lifespan than normal mice and show a decline in brain
function and brain atrophy as they age (Takeda, 2009).
Both ddY and SAMP10 mice showed a common stress
response of adrenal hypertrophy at the beginning of
confrontational rearing, indicating that both mice feel stress
similarly, although the stress was reduced in ddY mice, and
lasting longer in SAMP10 mice. Theanine showed greater
inhibition of adrenal hypertrophy in both strains of mice. In
female mice, the stress-loading method of confrontational
rearing did not show any significant changes because they
display low territoriality (Unno, Iguchi et al., 2013).

Stress-induced reduction in life span and stress
suppression by theanine

The mean survival percentage of SAMP10 mice was
significantly reduced under confrontational rearing condi-
tions compared to normal rearing conditions in group
rearing, and survival was reduced by 75% due to stress
loading (Unno et al., 2011) (Table 61.1). However, even
under the same stress conditions, survival was prolonged as
much as in group-reared mice that had consumed water
containing theanine (6 mg/kg). Feeding theanine to group-
fed SAMP10 did not change mean survival, suggesting that
theanine suppressed life span shortening by reducing stress.

FIGURE 61.2 Rearing conditions. Mice were
divided into confrontational and group-housing. In
confrontational rearing, two randomly selected mice
were separately housed in a partitioned cage that was
divided into two identical subunits by a stainless steel
partition. One month later, the partition was removed
to expose the mice to confrontational stress and, sub-
sequently, the two mice co-existed in a cage. Group-
rearing mice were housed six per cage (Unno et al.,
2011).

FIGURE 61.1 Structure of theanine.

720 SECTION | VI Behavior, brain, and neurological systems



In contrast, no reduction in lifespan was observed in ddY
mice. Taken together, these results suggest that SAMP10 is
a stress-sensitive strain, while ddY is a stress-tolerant strain.

It is well known that there are individual differences in
sensitivity to stress, with some individuals being more
sensitive to stress than others, even under the same con-
ditions. Although it is still not fully understood what causes
these differences in stress sensitivity, these two strains of
mice are considered to be suitable case animals for studying
differences in stress sensitivity.

Stress-induced accelerated cognitive decline
and oxidative brain damage

SAMP10 mice showed a significant decline in learning and
memory ability after 11 months, but at 8 months of age,
there was still no decline in learning and memory ability
(Unno, Pervin et al., 2020). However, under confronta-
tional rearing conditions, cognitive function already
declined by 8 months of age, indicating that stress accel-
erated the decline in cognitive function (Unno et al., 2011).
In contrast, no decline in brain function was observed in
confrontation-reared mice fed theanine.

The brain consumes large amounts of oxygen and is sus-
ceptible to oxidative damage because it produces many
reactive oxygen species (ROS) during metabolism (Taylor
et al., 1999). To compare the extent of oxidative damage of
cortical DNA, levels of 8-oxodeoxy-guanosine, as amarker of
oxidative damage, were measured when mice were 9 months
old. The results showed that oxidative damage increased
significantly inmice of the same age in confrontational rearing
compared to mice in group rearing (Unno et al., 2011).

Compared to normal mice, SAMP10 mice produce
more ROS in the brain from a young age (Sasaki et al.,
2008), and in aging mice, the activity of glutathione
peroxidase, an antioxidant enzyme, is low (Kishido et al.,
2007), indicating that oxidative damage to DNA tends to
accumulate with age. However, unlike catechins, which
exhibit strong antioxidant activity, theanine is thought not
to exhibit direct antioxidant activity. The suppression of
DNA oxidative damage by theanine intake is thought to be
an indirect effect of maintaining the balance of ROS pro-
duction/excretion in the brain.

Stress-induced brain atrophy and the effects of
theanine

Until about a decade ago, no suitable experimental model
for brain atrophy had been established, but experiments in
SAMP10 mice revealed that not only the cerebrum atro-
phies with age, but that stress loading further accelerates
brain atrophy (Unno et al., 2011). In order to clarify when
stress-induced brain atrophy begins and in what areas it
occurs, detailed brain measurements using nuclear mag-
netic resonance imaging (MRI) were carried out in mice
that had been confrontationally reared for 1, 2, 4, and
6 months. The results indicate that SAMP10 mice showed
significant atrophy of the cerebral cortex 1 month after the
start of stress loading during confrontational rearing, fol-
lowed by further atrophy (Fig. 61.3A) (Unno, Sumiyoshi
et al., 2020). In the case of theanine-fed mice, significant
atrophy was also observed after 1 month of stress load, but
atrophy was once again restored at 2 months. In the hip-
pocampus, a tendency to atrophy was observed after
1 month of stress loading, but the mice that consumed
theanine subsequently recovered from atrophy and had a
significantly larger hippocampus than mice in the control
group that had not consumed theanine at 6 months.

In the ddY cortex, on the other hand, a trend toward
atrophy was observed in the control group of mice 1 month
after the start of confrontational rearing, but this subse-
quently recovered (Fig. 61.3B). No atrophy of the cerebral
cortex was observed in theanine-fed mice. Similarly, no
atrophy was observed in the hippocampus. These findings
indicate that stress-induced brain atrophy occurs at an early
stage and that theanine is involved in the suppression and
recovery of stress-induced brain atrophy. In addition,
SAMP10 and ddY mice showed differences in stress-
induced brain atrophy.

Stress-induced changes in gene expression in
the brain

The hippocampus is one of the most stress-sensitive tissues
of the brain, and chronic stress has been shown to signifi-
cantly reduce hippocampal volume and impair hippocam-
pal neurogenesis in mice (Yun et al., 2010). Hippocampal
neurogenesis occurs throughout life, regulates inhibitory

TABLE 61.1 Mean survival time (months) of SAMP10 mice.

Lifespan (months) Group Confrontation

Control 17.6 � 1.5 13.6 �1.5

Theanine 16.9 � 1.4 17.9 �1.4

The average survival rate of SAMP10 mice was measured under confrontational or group rearing. Mice in the the-
anine group received daily water containing theanine (20 mg/mL, 6 mg/kg). The control group consumed water
without theanine. Values are mean � SEM (n ¼ 12) (Unno et al., 2011).
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circuits, and may be associated with hippocampal-
dependent learning and memory (Lieberwirth et al., 2016;
Anacker et al., 2017). Since the effects of stress on the brain
were observed early on, we comprehensively analyzed
changes in gene expression in the hippocampus on the third
day of stress loading by DNA microarray analysis in order
to investigate what changes might be occurring in the brain.

Based on the results, changes over time were compared
in detail by real-time PCR. The results showed that the
expression of neuronal PAS domain protein 4 (Npas4) was
decreased significantly in the hippocampus of SAMP10
mice in the control group, but the decrease was suppressed
in theanine-fed mice (Fig. 61.4) (Unno, Sumiyoshi et al.,
2020). On the other hand, in ddY mice, Npas4 expression
increased somewhat in the control group mice, but it was
slightly lowered by theanine intake. The transcription factor

Npas4, an immediate early gene, is thought to play an
important role in activity-dependent synapse formation and
is closely related to anxiety, depressive-like behavior, and
learning. Npas4 is known to be involved in the balance of
neuronal excitation and inhibition. When rats were sub-
jected to chronic stress, Npas4 expression in the hippo-
campus was reduced, but its expression was restored in
stress-tolerant rats compared to rats vulnerable to stress
(Benatti et al., 2019). SAMP10 mice are vulnerable to
stress, but theanine intake suppressed the decrease in Npas4
expression, and this may have increased stress tolerance.

Lipocalin 2 (Lcn2) expression was markedly increased
in SAMP10 mice after stress loading and was suppressed
following the intake of theanine (Fig. 61.4) (Unno,
Sumiyoshi et al., 2020). In contrast, its expression
increased only slightly in ddY mice. Lcn2 is released from

FIGURE 61.3 Brain volume of
SAMP10 (A) and ddY (B) mice.
Time-course of the neocortex was
compared between control (open
circle) and theanine (closed circle)
(n ¼ 3e12; *, P < .05) (Unno,
Iguchi et al., 2020).

FIGURE 61.4 Expression levels
of Npas4 and Lcn2 mRNA in the
hippocampus of SAMP10 and
ddY mice. Mice consumed theanine
(20 mg/mL water, closed bar) or
normal tap water (control, open bar)
ad libitum. After single housing for
1 month, hippocampal samples were
obtained from mice housed con-
frontationally for 0 days, 3 days, and
1 month. Values are expressed as
means� SEM (n¼ 3e6, *P < .05)
(Unno, Iguchi et al., 2020).
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astrocytes with an altered active form in various brain pa-
thologies, causing nerve damage and increasing inflam-
mation, which in turn increases neuronal cell death (Suk,
2016). Excessive Lcn2 expression may be an important
factor of brain atrophy in SAMP10 mice. Suppression of
Lcn2 expression by theanine may also be important in
suppressing chronic inflammation associated with aging
and neurodegenerative diseases.

Stress-induced changes in hippocampal
metabolites and behavior

The effects of theanine intake were compared in a tail
suspension test at 1 month after stress loading, when brain
atrophy was significantly observed. The results showed that
immobility time, which assesses depression-like behavior
in SAMP10 and ddY mice, was significantly reduced in the
theanine intake group, suggesting that theanine intake im-
proves depression-like behavior in stress-loaded mice
(Unno, Muguruma et al., 2020).

Among the statistically altered metabolites, kynurenine
(Kyn) and histamine were significantly higher in SAMP10
than in ddY mice. Kyn is produced from tryptophan via
indoleamine-2,3-dioxygenase (IDO), which was highly
expressed in SAMP10 mice during stress loading. The high
expression of IDO may contribute to the high Kyn levels in
SAMP10 mice (Unno, Muguruma et al., 2020). The Kyn
pathwayplays an important role in depressivebehavior inmice
(Cattelan Souza et al., 2020; Zhang et al., 2020). Furthermore,
Kyn increased in chronically stressed rats (Li et al., 2020).

Histamine, which is potentiated by various stressors,
has a strong influence on hippocampal excitability (Brown
et al., 2001). Theanine intake significantly suppressed his-
tamine levels in stress-loaded SAMP10 mice (Unno,
Muguruma et al., 2020), suggesting that the histaminergic
system is an important target of theanine. Furthermore,
theanine improved sleep quality (Rao et al., 2015). Hista-
mine synthesis is regulated by inhibitory H3 autoreceptors
on histamine neurons (Thakkar, 2011).

In contrast, carnosine, which is present in high concen-
trations in the brain, has antidepressant effects (Hipkiss, 2015;
Tomonaga et al., 2008). Carnosine levels were significantly
lower in SAMP10 mice than in ddY mice. Carnosine con-
centrations increased significantly in SAMP10 mice fed the-
anine even under confrontational rearing (Unno, Muguruma
et al., 2020). The content of ornithine, which has antistress
properties, was also significantly lower in SAMP10mice than
in ddY mice (Unno, Muguruma et al., 2020).

In the hippocampus of SAMP10 mice, stress load
increased Kyn and histamine levels and decreased carno-
sine and ornithine levels. Theanine intake modulated these
levels and improved depressive behavior, suggesting that
these metabolic differences also contribute to stress
vulnerability (Fig. 61.5).

Acceleration of brain aging due to
psychosocial stress

In the stress-vulnerable SAMP10 mice, brain atrophy was
observed at least 1 month after stress loading and further
progressed with aging, resulting in reduced brain function,
shortened lifespan, and accelerated aging. On the other
hand, in stress-tolerant ddY mice, the degree of brain at-
rophy caused by stress load was not significant. Further-
more, this atrophy was restored and had no effect on brain
function or lifespan.

Theanine treatment restored, although not completely,
stress-induced brain atrophy in SAMP10 mice, while no
atrophy was observed in ddY mice. In addition, theanine
suppressed cognitive decline and shortened lifespan. Stress
is thought to cause neuroinflammation, oxidative stress,
excitation/inhibition imbalance, and inhibition of neuro-
genesis in the brain.

The relationship between stress and brain aging has
been summarized in Fig. 61.6.

Stress reduction by theanine in a chronic
overcrowding stress model

Whereas ddY mice were stress tolerant under confronta-
tional rearing, stress sensitivity increased under long-term
group rearing (Unno et al., 2023). ddY mice reared as six
mice per cage gained approximately 1.5-fold body weight
at 7 months of age compared to 1 month of age, suggesting
that they accumulated overcrowding stress as they aged.
However, stress was reduced in mice that ingested
theanine.

Although suppression of excitability by increased
expression of Npas4 is important (Drouet et al., 2018),
Npas4 expression was suppressed in group-fed aged ddY
mice. During transient stress, agonist-bound glucocorti-
coid receptor (holo-GR) represses Npas4 expression in the
brain by binding to the promoter (Furukawa-Hibi et al.,
2012). In addition, prolonged stress loading causes
decreased expression via DNA methylation at the pro-
moter (Furukawa-Hibi et al., 2015). Indeed, holo-GR and
a DNA methyltransferase (Dnmt3a) were elevated in
group-fed aged mice but were suppressed in mice that
ingested theanine (Fig. 61.7). Neural excitability also in-
creases with age (Zullo et al., 2019), and thus the
expression of Npas4 increases, regulated by repressor
element 1 silencing transcription factor (REST) (Bersten
et al., 2014). Theanine was not associated with REST
expression.

Stress reduction by theanine in the brain

Glutamate and g-aminobutyric acid (GABA) are major
excitatory and inhibitory neurotransmitters, respectively.
During stress and stress-related disorders, the balance
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between GABA and glutamate in the brain becomes altered
(Drouet et al., 2015). Theanine has been proposed to
regulate the glutamate-glutamine cycle by binding to
glutamine transporter and inhibiting overexcitation
(Kakuda, 2011; Yoneda 2019). Theanine also acts on
Npas4, which enhances GABA expression through the
development of inhibitory synapses (Lin et al., 2008). Thus,
theanine may modulate the balance between excitation and
inhibition by acting on both GABA and glutamate levels
(Fig. 61.8).

Stress-relieving effects of theanine in
humans

Antistress effect of theanine

When the effect of drinking theanine on brain waves was
examined, it was found that alpha waves, which indicate a
relaxed state, appeared strongly after 30 min of drinking.
Since few a waves were observed when the subjects simply
drank water, theanine was found to have a relaxing effect
(Kobayashi et al., 1998).

FIGURE 61.6 Relationship between stress and brain aging. In stress-
sensitive mice (SAMP10), brain atrophy was observed at least 1 month
after stress loading and then progressed further with aging. This resulted in
accelerated aging (reduced brain function and shortened lifespan), which
was inhibited by theanine. On the other hand, in stress-tolerant mice (ddY),
the degree of stress-induced brain atrophy was not significant; furthermore,
this atrophy was reversible, with no effect on brain function (Unno &
Nakamura, 2021).

FIGURE 61.5 Changes in hippocampal metabolite levels in the hippocampus of SAMP10 mice. Mice were kept alone for 1 month and then under
confrontational rearing for 1 month. Theanine (20 mg/mL, 6 mg/kg) or water (control) was fed for 2 months. As a result, kynurenine and histamine
increased and carnosine decreased. Theanine suppressed these changes (Unno, Muguruma et al., 2020).
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The effects of theanine (200 mg) intake on the transient
mental stress load of a Kraepelin-type mental arithmetic
task were evaluated in a crossover double-blind study using
a placebo as the control (Kimura et al., 2007). Evaluations
using Visual Analogue Scale (VAS) and State-Trait Anxi-
ety Inventory (STAI) showed a significant reduction in
subjective stress and anxiety. Significant increases in heart
rate and salivary secretory IgA were also suppressed.

The effects of theanine (200 mg) ingestion on the
transient mental stress task (the odoball task to auditory

stimuli and an arithmetic test) were examined and found to
be significantly reduced in the tension-anxiety item of the
profile of mood states (Yoto et al., 2012). Theanine intake
also significantly decreased systolic blood pressure in a
group with higher poststress blood pressure.

Changes in salivary amylase activity are often used as
an indicator of stress response. It was examined whether
theanine intake (200 mg, twice daily) could relieve tension
in students of pharmaceutical sciences during pharmacy
practice (Unno, Tanida et al., 2013). The placebo group had
higher salivary amylase activity in the morning, whereas
the theanine group had the same activity as during daily
college life. Individual differences in salivary amylase ac-
tivity were also found, with students with higher salivary
amylase activity having higher levels of trait anxiety as
assessed by the STAI test.

Effects of theanine intake on sleep and
depressed mood

In a study of healthy male subjects (25e36 years old), daily
200 mg of theanine (for 6 days) significantly improved the
feeling of recovery from fatigue and subjective sleep
duration as assessed by the Sleep Questionnaire in terms of
the feeling of sleep upon waking. Sleep efficiency was also
significantly improved as measured by an actigraph (Ozeki
et al., 2004). On the other hand, it was also confirmed that
theanine did not affect daytime sleepiness (Ozeki, Juneja
et al., 2008).

The results of a study on the effects of daily 100 mg of
theanine (for 1 week) on sleep in middle-aged healthy men
(40e65 years old) using a simple sleep monitor (Sleep
Scope, Sleep Well Co., Ltd., Osaka, Japan) showed no
significant effects. However, an analysis that took into

FIGURE 61.7 Factors relating to changes in Npas4 expression due to stress and aging, and the role of theanine. Holo-GR and Dnmt3a were
upregulated in group-fed aged mice, suggesting that their elevated expression was involved in the downregulation of Npas4 expression. Theanine intake
did not affect REST expression, but expression of holo-GR and Dnmt3a were significantly suppressed. Solid line: up-regulation. Dashed line: down-
regulation (Unno et al., 2023).

FIGURE 61.8 Factors relating to changes in Npas4 expression due to
stress and aging, and the role of theanine. Theanine binds to glutamine
transporter, regulates the glutamate-glutamine cycle, and inhibits over-
excitation. Theanine also acts on Npas4 and enhances GABA expression
via inhibitory synapses. In this way, theanine may regulate the balance
between excitation and inhibition.
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account the involvement of background factors found that
100 mg of theanine increased non-REM sleep and
improved sleep quality for those under 50 years of age or
consuming less than three to four cups of green tea each
week (Tominaga et al., 2022). However, coffee, which
contains more caffeine than green tea, showed no effect
even when consumed with three to four cups or less per
week. This suggests that theanine’s effect on sleep is
influenced not only by age but also by the caffeine intake of
coffee and green tea.

In a study of 8e12 year old boys, 200 mg of theanine
twice daily (400 mg total) for 6 weeks significantly
improved sleep percentage and sleep efficiency as
measured by an actigraph (Lyon et al., 2011).

In a study of postmenopausal middle-aged elderly
women (50e67 years old), pulse rate during sleep was
analyzed using a wristwatch pulse wave sensor to examine
the effects of 200 mg (6 days) of theanine intake. Theanine
intake decreased sympathetic activity and increased para-
sympathetic activity during nocturnal sleep, suggesting that
theanine may have improved sleep quality (Ozeki, Juneja
et al., 2008).

When healthy men and women aged 20e69 years took
theanine (200 mg/day for 4 weeks) and their sleep quality
was assessed using the Pittsburgh Sleep Questionnaire,
significant improvements in sleep quality, decreased
depressed mood and anxiety, and improved cognitive
function were reported (Hidese et al., 2019). Male and fe-
male patients (20e67 years old) with depression who took
theanine (250 mg/day for 8 weeks) also reported im-
provements in depressive symptoms and anxiety as well as
improved sleep (Hidese et al., 2017).

Patients with generalized anxiety disorder (18e75
years) who received theanine (450 mg/day for 4 weeks),
then switched to 900 mg/day for another 4 weeks, did not
show improvement in symptoms. No significant effects
were observed in either the Hamilton Anxiety Rating
Scale or the Insomnia Severity Index (ISI). However,
patients who took theanine reported higher self-reported
sleep satisfaction compared to placebo. In addition, the
ISI of patients with nonclinical levels of insomnia
symptoms showed an advantage for theanine intake
(Sarris et al., 2019).

Mechanism of action of theanine on sleep

The importance of GABAergic neurons in sleep initiation
and maintenance has been noted. Theanine intake increases
the inhibitory transmitter GABA in the hippocampus while
decreasing the major excitatory transmitter glutamate
(Inoue et al., 2016). Theanine has also been reported to act
via GABAA receptors (Egashira et al., 2007) and to in-
crease GABA receptor expression (Dasdelen et al., 2022).

Furthermore, the coexistence of GABA and theanine in-
creases GABAA receptor expression (Kim et al., 2019).
Taken together, it is predicted that theanine is involved in
sleep initiation and maintenance via GABA and GABA
receptors.

On the other hand, theanine has a high affinity for
glutamine receptors (Kakuda, 2011) and is thought to affect
the glutamateeglutamine cycle and consequently inhibit
glutamate release. In addition, histamine is one of the
components that promote arousal, while theanine intake
decreases histamine levels in the hippocampus of stress-
loaded mice (Unno, Muguruma et al., 2020). Further-
more, theanine intake increased serotonin in the brains of
rats and mice (Dasdelen et al., 2022; Yokogoshi et al.,
1998). Since serotonin is a precursor of the sleep hormone
melatonin, it is possible that theanine may act on sleep
through serotonin.

Stress-relieving effects of green tea

The amount of theanine in commercially available green
teas such as Gyokuro and Matcha contain on average about
20 mg of theanine per gram of tea leaves, while a general
green tea, Sencha, contains 10 mg, half of that amount.
However, caffeine and epigallocatechin gallate (EGCG), a
major catechin, counteract the stress-reducing effect of
theanine, but in the case of Japanese green tea, arginine, the
second most abundant amino acid after theanine, had the
same stress-reducing effect as theanine (Unno et al., 2016).
Thus, the stress reduction effect of Matcha can be estimated
by the CE/TA ratio, which is the molar ratio of the sum of
caffeine (C) and EGCG (E) to the sum of theanine (T) and
arginine (A) (Unno et al., 2018). In animal experiments, the
stress reduction effect was confirmed for Matcha with a CE/
TA ratio of two or less. When students cooperated and
consumed Matcha as cookies, Matcha with a CE/TA ratio
of less than two was found to be more effective in relieving
stress than placebo Matcha with a higher CE/TA ratio
(Unno et al., 2019).

Summary points

1. There are individual differences in stress sensitivity.
2. In stress-sensitive mice, stress-induced aging is acceler-

ated, but theanine suppresses it.
3. Theanine accelerates recovery from stress-induced brain

atrophy.
4. Theanine suppresses stress-induced depression-like

behavior.
5. Theanine is thought to reduce stress by regulating the

balance between neuronal excitation and inhibition.
6. Theanine improves sleep.
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