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Theanine (n-ethylglutamic acid), a non-proteinaceous amino acid component of green and black teas, has
received growing attention in recent years due to its reported effects on the central nervous system. It
readily crosses the blood–brain barrier where it exerts a variety of neurophysiological and pharmacological
effects. Its most well-documented effect has been its apparent anxiolytic and calming effect due to its up-
regulation of inhibitory neurotransmitters and possible modulation of serotonin and dopamine in selected
areas. It has also recently been shown to increase levels of brain-derived neurotrophic factor. An
increasing number of studies demonstrate a neuroprotective effects following cerebral infarct and injury,
although the exact molecular mechanisms remain to be fully elucidated. Theanine also elicits
improvements in cognitive function including learning and memory, in human and animal studies, possibly
via a decrease in NMDA-dependent CA1 long-term potentiation (LTP) and increase in NMDA-independent
CA1-LTP. Furthermore, theanine administration elicits selective changes in alpha brain wave activity with
concomitant increases in selective attention during the execution of mental tasks. Emerging studies also
demonstrate a promising role for theanine in augmentation therapy for schizophrenia, while animal models
of depression report positive improvements following theanine administration. A handful of studies are
beginning to examine a putative role in attention deficit hyperactivity disorder, and theoretical
extrapolations to a therapeutic role for theanine in other psychiatric disorders such as anxiety disorders,
panic disorder, obsessive compulsive disorder (OCD), and bipolar disorder are discussed.
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Introduction
Theanine (γ-glutamylethylamide or γ-ethylamino-L-
glutamic acid), a derivative of glutamic acid, is a
plant-based non proteinaceous amino acid first ident-
ified and isolated in 1949.1 It is a major constituent of
the tea plant Camellia Sinensis, comprising 50% of the
plants total free amino acids, or 2% of the total
content, and it is also found in smaller amounts in
two other Camellia species. It is present in significant
amounts in both green and black tea, highest amounts
being reported in green tea, oolong tea and naturally
fermented Pu-erh tea.2 These teas in particular have
long been considered to exert relaxant and calming
effects, while simultaneously incresing alertness. As a
result, theanine has received steadily increasing

attention in recent years both in the medical literature
and on popular media internet sites. It is manufac-
tured and sold as a herbal supplement, commercially
branded as Suntheanine. This review focuses on the
known effects of theanine on brain activity and func-
tion, and discusses its potential use in the treatment
of certain psychiatric, psychological, and neurodegen-
erative disorders.

Biochemistry
When theanine is administered orally, it peaks in the
serum within an hour of administration and presents
in urine after 5 hours, its levels subsequently decreas-
ing over the following 24 hours.3 It reaches its
maximum level in the brain within 5 hours, and gradu-
ally disappears from the liver, kidney, and brain within
24 hours.4 It is transported through the intestinal
brush border membrane and is thought to be
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metabolized to glutamate and ethylamide by renal
phosphate-independent glutaminase.3,5 It freely
passes the blood–brain barrier probably via the
leucine-preferring transport system in a competitive
manner relative to large neutral amino acids,6

although it has also been suggested that its ethyl
base increases its fat solubility, facilitating its passage
across same.7 Theanine levels are increased in the
brain within an hour of oral administration, continue
to increase for a further 4 hours, and gradually
decrease to non-detectable levels over the following
19 hours.3,4 It results in an increase in the concen-
tration of glutamate and ethylamine in the brain,
and is well tolerated within all mammalian systems
examined with an LD50 of greater than 5000 mg/kg
in rats.1

Effect on brain chemistry and neurotransmission
One of the earliest studies of the effects of L-theanine
on the central nervous system (CNS) by Kimura and
Murata7 reported increased intracerebral levels of
GABA after 30 minutes intra-peritoneal injection.
More recently, Yamada et al.8 demonstrated a six-
fold increase in glycine release from the striatum of
rats following perfusion of theanine into the rat
brain; however, they reported no significant effect on
the release of the excitatory neurotransmitter glutamic
acid, alongside a fall in aspartic acid release. They thus
suggested a role for theanine in inhibitory neurotrans-
mission. Dopamine release increased up to two-fold
during the same experiment. Because glycine is
known to evoke dopamine release in rat striatum,9

the authors speculate on the possibility that the thea-
nine-mediated dopamine release is in fact mediated
by glycine.8 In vitro, Kakuda et al.10 demonstrated
inhibition of glutamate release from cultured neurons
following sustained exposure to theanine.
Abnormally high levels of extracellular glutamate
have been implicated in the pathophysiology of cer-
ebral ischaemia and infarction; a therapeutic role for
theanine via a potential neuroprotective effect will be
further discussed below. The involvement of
GABA(A) receptors on the neuroprotective effect of
theanine following experimental middle cerebral
infarction has also been investigated by Egashira
et al.11 They found that the protective effects of L-thea-
nine were ablated by the GABA antagonist bicucul-
line, lending further support to the hypothesis that
theanine exerts at least some of its psychoactive
effects via an increase in brain GABA levels. In a
recent study of the effects of theanine on developing
rat brains, theanine was fed to pregnant females for
3 weeks and the brains of the resulting offspring
were analyzed for various neurotransmitters. Glycine
and GABA levels were increased in 1- to 3-week-old
rats compared to controls, as were nerve growth

factor and neurotrophin.12 There is evidence that
both glycine and GABA function as excitatory neuro-
transmitters during brain development and play a
crucial role in healthy brain maturation.13 The find-
ings need to be replicated but suggest that the addition
of L-theanine to the maternal rat diet may promote
nerve maturation and enhances GABA synthesis in
developing offspring.12 Whether or not this effect
occurs in humans is not known but given the estab-
lished safety of L-theanine, clinical trials in humans
may be worth considering. The effects of L-theanine
on neurochemistry may not be confined to alterations
in the release of the inhibitory neurotransmitters
GABA and glycine. Kimura and Murata’s7 study
also reported a decrease in brain norepinephrine
levels, possibly as a result of the reported increase in
GABA levels. One study has also demonstrated selec-
tive increases in serotonin and dopamine within the
striatum, hypothalamus and hippocampus following
theanine administration into rat brain, while levels of
5H1AA or norepinephrine were unaffected.14

Pretreatment with the NMDA receptor antagonist
AP-5 ablated the theanine-induced increase in dopa-
mine release.14 This led the authors to suggest that
the action of theanine may be mediated by the
enhancement of calcium utilization via the NMDA
receptor. Further support for this proposal has been
recently provided by Wakabayashi et al.,15 who inter
alia, found that L-theanine administration resulted in
an increase in calcium release within cultured cortical
neurons. The increase in calcium release was sup-
pressed by both NMDA antagonists AP-5 and
MIC-801. In a separate paper, Yokogoshi et al.’s16

demonstrated a decrease in the overall levels of brain
serotonin and 5HIAA concentrations following
administration of intragastric theanine, but did not
comment on the significance if any, of these appar-
ently contradictory findings. However, one would
expect that the selective increases in brain neurotrans-
mitter activity within specific brain areas would be of
greater pharmacological significance than overall
levels within the brain, which may simply reflect the
sum of net metabolic activity. It is also interesting
that two distinct mechanisms to explain the thea-
nine-mediated increase in striatal dopamine release
have been proposed by Yamada’s and Yokogoshi’s
groups, respectively.

It must be borne in mind that most of the above
studies have focused on the acute effects of theanine
on neurotransmitter levels or release. Yokogoshi and
Terashima found that chronic administration of thea-
nine over 3 months resulted in decreased serotonin
and 5H1AA in the cerebral cortex (cited in17). Three
other studies to date have investigated, inter alia, the
effects of chronic theanine administration over 14
days, on GABA, glutamate, and serotonin
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levels.18–20 Shen et al.18 reported increased brain
GABA and glycine and decreased aspartate following
theanine treatment over 15 days in a rat model of cer-
ebral infarction. Schallier et al. reported no effect of
theanine treatment for 14 days on extracellular gluta-
mate levels in either the frontal cortex or hippo-
campus, and decreased cortical GABA levels with no
effect on hippocampal GABA.19 In the second study
by Yamada et al.,20 levels of serotonin and 5H1AA
within the cortex were reduced after 3 months intake
of theanine. Further studies on the longer-term
effects of chronic theanine administration on global
and selective brain neurotransmitter release are
needed to confirm the above and clarify the CNS
response to longer-term usage. Recently, theanine
administration has also been shown to increase levels
of the neurotrophin brain-derived neurotrophic
factor (BDNF),15,21,22, the potential significance of
which will be discussed below.
The known effects of theanine on brain neurotrans-

mitter activity is summarized in Table 1. Despite its
structural similarity to glutamate, there is no evidence
of any increase in glutamate levels following theanine
injection or administration, thus rendering unlikely the
conversion of theanine to glutamate within the CNS.
To date, the bulk of the evidence on the neurochemical
effects of theanine points to a possible decrease in glu-
tamate levels, alongside increases in serotonin and
dopamine in selected areas such as the midbrain.
Overall brain levels of the inhibitory amino acids
GABA and glycine are also increased, although
there is a lack of data on selective changes in these
amino acids within specific brain regions. There is
however growing evidence for an increase in brain
levels of BDNF following theanine administration.
On the basis of current evidence, the net effects of
theanaine appear to reduce excitatory activity with
resultant calming and anxiolytic effects and possible
down-regulation of stimulatory pathways. Its ability
to selectively increase levels of serotonin and dopa-
mine in areas such as the striatum, hypothalamus,
and hippocampus suggest a further potential role for
this amino acid in the modulation of mood, motiv-
ation, cognition, and memory. Limited experimental

support for a role in these functions is beginning to
emerge and will be outlined below. It seems likely
that selective rather than global changes in brain
chemistry are responsible for most of the observed
effects of theanine on neurochemical dependent
brain function and activity. An independent effect of
theanine on brain wave activity will be outlined
below based on studies to date.

Neuroprotective effects of theanine and
preventative effects on cognitive dysfunction
Extracellular glutamate can cause neuronal cell death
by acting as a powerful neurotoxin in the CNS.26

Because an excess of extracellular glutamate has
been implicated in the mechanism of neuronal
death and toxicity as a result of transient ischaemia
(ibid) a number of animal and in vitro studies have
investigated whether theanine can exert a protective
effect on cerebral infarction as a result of its ability
to inhibit glutamate accumulation. These studies
have all demonstrated a significant protective
effect.11,18,27–33 Initial studies of its neuroprotective
effects have focused on its modulation of neurotrans-
mission, particularly in relation to glutamate. For
example, the direct binding of theanine to glutamate
receptor subtypes such as the NMDA, AMPA, and
kainite receptors was found to result in the inhibition
of glutamate binding thus antagonising the latter’s
effects.27,30 Direct evidence for this hypothesis has
come from Zukhurova’s group, who reported that
repeated intrastriatal injections of theanine during
reperfusion prevented brain injury caused by gluta-
mate receptor agonists.31 However, more recent
studies point to more complex effects. Di et al. inves-
tigated the neuroprotective effect of theanine in an in
vitro model of Alzheimers disease using the human
APP transgenic SH-SY5Y cell, in which amyloid β
neurotoxicity was triggered by L-glutamate.
Theanine administration significantly attenuated glu-
tamate-induced apoptosis at similar levels seen with
the NMDA receptor inhibitor MK-801, and it fur-
thermore suppressed the activation of c Jun N-term-
inal kinase, caspase-3, plus inducible and neuronal
nitric oxide synthase (NOS) induced by glutamate.32

Table 1 Effect of L-Theanine on brain neurotransmitter levels

Brain region

Neurotransmitter

Glutamate Glycine GABA Serotonin Dopamine Catecholamines Aspartate BDNF

General ↓10 ↔19* ↑12,18 ↑12,18* ↓16 ↑8 ↓7 ↓8,18 ↑14,15,22

Midbrain/striatum ↔8 ↑8 ND ↑14,17 ↑8,14,17 ↓23§ ND ↓8 ND
Hippocampus ↔19* ND ↔19* ↑14,17 ↑14,17 ↑24 ND ↑8,15,18

Hypothamalus ND ND ND ↑14,17↔12 ↑14,17 ↔12 ND ND ND
Cerebrum/cortex ↔19* ND ↑7 ↓17,20,25*↔12 ↔12 ↑24 ND ND
Cultured neurons ↓10 ND ND ND ND ND ND ND

Note: Parentheses refer to reference number; ↔= no change; ND= not done *chronic administration; §nicotine-treated.
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However, the affinity of theanine for glutamate
receptors is 80–30 000-fold less than that of gluta-
mate27 and so other mechanisms in the protective
effect of theanine have also been investigated.
Nagasawa et al. investigated the protective effect of
L-theanine on primary cultured cortical neurons.33

They reported an inhibition by theanine of delayed
neurotoxicity by brief exposure to glutamate, which
was abolished by group 1 mGLuR antagonists.
They thus suggest that the group 1 metabotropic glu-
tamate receptors may be involved in neuroprotection
by theanine. Egashira et al. have suggested that the
protective effect may be mediated via an indirect
action on GABAA receptors during reperfusion.27

This hypothesis is supported by the recent findings
of Shen et al.,18 who demonstrated an increase in
glycine, GABA, and BDNF in rat brain following
cerebral ischaemia-reperfusion injury in the thea-
nine-treated group. Kakuda, on the other hand,
speculates on a central role for glutamine in thea-
nine-mediated neuroprotection.28 Glutamine plays a
crucial role in glutamate recycling within the CNS
via a glutamine/glutamate cycle which acts to
convert the extracellular glutamate to glutamine via
glutamine synthetase after the glutamate has been
transported into astrocytes. This glutamine is
released back into the extracellular space, where it
is taken up into glutamatergic neurons via the gluta-
mine transporter and hydrolysed by phosphate-
dependent glutaminase back to glutamate.28 His
group found a bidirectional inhibition of theanine
and glutamine in isolated rat synaptosomes, theanine
inducing a significant decrease in glutamine accumu-
lation in a concentration-dependent manner. They
therefore speculated that theanine could at least
partly alter extraceullular glutamine levels via inter-
action with glutamine transporters in nearby astro-
glia. Alterations in glutamate transmission and the
glutamate/glutamine cycle are hypothesized to con-
tribute to the pathology of Alzheimer’s disease.26

One study has investigated the effects of L-theanine
ingestion over 5 weeks on neuronal function follow-
ing injection of amyloid β (1–42).34 They reported
an attenuation of amyloid β-induced memory impair-
ment, reduced Amyloid β levels, and inhibition of
Amyloid β-induced neuronal cell death in the
cortex and hippocampus of mice brains. They also
found a reduction in the downstream expression of
extracellular signal-related kinase (ERK), p38
mitogen-activated protein kinase and transcription
factor NF-kappaβ activity induced by Amyloid β.
A parallel study by Cho et al. looked at the effect
of L-theanine on neurotoxicity in vitro caused by
rotenone and dieldrin, environmental toxins which
have been implicated in the aetiology of Parkinson’s
disease. They found an attenuation of toxin-induced

DNA fragmentation, apoptosis, and haem oxygenase
up-regulation. Pretreatment with L-theanine-blocked
the toxin-induced down-regulation of ERK1/2 and
of BDNF in SH-SY5Y cells.24

It is not surprising, in light of the above findings,
that intervention studies on the effect of theanine on
cognitive decline in human and animal subjects have
recently begun to emerge. Kakuda investigated the
effects of 47.5 mg theanine daily on cognitive function
in the elderly and reported significantly lower decline
than in controls.35 Kuriyama et al. reported lower inci-
dences of cognitive impairments in human subjects
ingesting theanine in the form of two or more cups
of green tea daily.36 Kataoka et al. administered thea-
nine powder equivalent to 47.5 mg theanine per day.37

They used the Hasegawa’s dementia scale revised
(HDS-R) Dementia scale to measure changes in cogni-
tive function. The theanine-treated group scored sig-
nificantly better from the seventh month onwards
(apart from the eleventh month for which no expla-
nation was offered by the authors) and suggested to
the authors that the decline in the HDS-R scores was
prevented by the ingestion of green tea powder over
a prolonged period. However, the authors did not
rule out an ancillary role for the relatively high cate-
chin content within the formulation. Kim et al. inves-
tigated the effects of administration of oral theanine
for 5 weeks to mice followed by injection of β-
amyloid protein intracerebrally.34 They reported a sig-
nificant reduction in β-amyoid-induced neuronal cell
death in the cortex and hippocampus, as well as
reduction in oxidative lipid damage and of memory
impairment as measured by the water maze and
passive avoidance tests.

Theanine and brainwave activity
In addition to its ability to alter neurotransmitter
activity, theanine has also been found to significantly
alter alpha brain-wave activity both in human and
animals. Alpha brain-wave activity in humans is
indicative of wakeful relaxation as well as increased
creativity, better performance under stress, and
improved learning and concentration, as well as
decreased anxiety.38 Four studies reported increases
in alpha brain wave activity in the occipital, parietal
and frontal and areas following 50–250 mg thea-
nine,38–41 while Owen et al.42 reported increasing
alpha activity over time following ingestion of 50 mg
theanine in human subjects. Nobre et al.43 reported
similar increases following ingestion of 50 mg theanine
over 105 minutes both at rest and during passive
activity. Just one recent study by Fox et al.44 has
reported a lack of effect of 100 mg theanine on alpha
wave activity. While the authors postulate that the
effect of theanine on alpha activity could be dose
dependent, this is not borne out by the positive
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correlations between lower doses of theanine and
increased alpha band activity reported by the other
groups. In addition, there is evidence that theanine
may antagonize some of the stimulatory effects of caf-
feine; it has, for example, been found to antagonize the
decrease in serotonin levels which have been artificially
raised by caffeine administration in rats.45 This agrees
with the earlier report by Yokogoshi et al.6 of an
overall decrease in brain serotonin levels following
theanine administration. In a study in rats, a biphasic
effect of theanine on rat electroencephalogram
(EEG) recordings was reported, such that 2 μmol/kg
of intravenous theanine alone increased the power of
beta brain wave activity in the cortex, amygdala and
hippocampus, but 10 μmol or greater inhibited the
excitatory effects of 5 μmol/kg caffeine on beta-wave
activity.46 Another study found that theanine antago-
nised the effects of caffeine on blood pressure but
did not significantly affect jitteriness, alertness or
other aspects of mood when given as a single bolus
of 200 mg.47 Several animal studies have also reported
antagonistic effects of L-theanine on the convulsive
and excitatory action caused by caffeine adminis-
tration.48–50 One of these investigated the effects of
L-theanine on caffeine-induced sleep disturbances in
rats and found that low doses (22.5 and 37.5 mg/kg)
significantly reduced the caffeine-induced decreases
in slow wave sleep while higher concentrations (75
and 150 mg/kg) had no effect.50 The lack of effect of
the higher doses is noteworthy and may be a reflection
of their supra-physiological concentrations, similar to
amounts typically administered to a typical 70 kg
human. It also underscores the importance of estab-
lishing therapeutically optimal doses given the possi-
bility of a plateau or biphasic effect above certain
critical concentrations.
Because alpha brain wave activity is known to play

an important role in critical aspects of attention, it is
not surprising that several studies have investigated
the effect of theanine, both with and without caffeine,
on attention and cognition in healthy human subjects.
In one study, 250 mg of theanine combined with
150 mg of caffeine improved simple reaction time,
numeric working memory and sentence verification,
and delayed word recognition reaction time.51 It was
concluded that beverages containing both theanine
and caffeine have different pharmacological effects to
caffeine alone. Another study of healthy humans
found that combined caffeine and theanine (40 and
97 mg, respectively) improved speed and accuracy of
attention switching and reduced susceptibility to dis-
traction over 90 minutes.52 Gomez-Ramirez et al.41

reported that administration of 250 mg theanine
resulted in greater resting alpha-wave activity but sig-
nificant decreases in background alpha activity, par-
ticularly in the auditory modality, while subjects

were actively performing a demanding attention
switching task. A second study by the same group
found a significant reduction in background alpha
activity following treatment with 250 mg L-theanine
compared to placebo during a highly demanding
visuo-spatial task, which was accompanied by a shift
in scalp topography indicative of treatment-related
changes in the neural generators of ongoing tonic
alpha activity occurring over seconds or minutes.25

This is considered to be an EEG correlate of sustained
attentional processing. They concluded that theanine
plays a role in sustained attention over time during a
demanding task as opposed to affecting moment-to-
moment alpha wave activity. Their most recent study
investigating a lower concentration of theanine
(100 mg) with and without 50 mg caffeine on mainten-
ance of vigilance during a sustained attention task
reported reduced commission and omission errors
with both compounds alone, while combined treat-
ment with both conferred no further additional
benefits.44 The beneficial effect of theanine was less
than that of caffeine, however, with caffeine reducing
omission and commission errors by 50 and 30%
respectively, compared to theanine (36 and 23%).
Theanine had no effect on reaction speed in this
study, even though a reduction in same was reported
by them in their previous study41 and also by Rogers
et al.47 They suggest that systematic does response
studies on the neurophysiological effects of theanine
are needed to critically unpack any differential
effects of theanine on cognitive performance and
attention.
Given the number of studies on the effects of thea-

nine on brainwave activity, it is surprising that only
one study has investigated the direct effects of theanine
on susceptibility to epileptic seizures. Schallier et al.
have recently investigated the effect of 4% L-theanine
over a 14-day period on generalized and limbic sei-
zures induced by pentylenetetrazol (PTZ) and pilocar-
pine, respectively, in mice.19 Theanine significantly
increased the threshold dose of pilocarpine for indu-
cing body twitch, rearing and falling. However, it
either had no effect on the PTZ-induced behaviours
or decreased the threshold for two of them, namely
tonus and death. These differential effects of theanine
on pathologically induced seizures will need to be
replicated but suggest a more complex role for thea-
nine on brain-wave activity than previous studies
under normal conditions would suggest.
In summary, theanine appears to exert a positive

role in the focussing of selective attention and
reduction of distracting stimuli, by means of its
effects on alpha brain wave activity. Whether or not
this effect is directly or indirectly related to its ability
to selectively modulate the release of neurotransmit-
ters such as GABA is not known. However, two
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studies have found an increase in alpha brain wave
activity following oral GABA administration to
humans53,54 rendering a causal link possible. Given
its positive enhancement of attention, and its
reduction of distracting stimuli in all of the human
studies undertaken to date, an investigation of an adju-
vant role for L-theanine in the treatment of attention
deficit disorder (ADD) would appear to be warranted.
Early trials in what is likely to become a fruitful area of
investigating are now beginning to emerge and will be
discussed below.

Learning and memory
Recently, attention has begun to focus on behavioural
and molecular effects of theanine in learning and
memory. In rats, chronic administration of L-theanine
for 3 months resulted in a significant improvement in
avoidance learning ability and retrieval of pellets.20

The increase in the score of the avoidance test was
accompanied by a decrease in serotonin and 5HIAA
in the cerebral cortex. Theanine-fed rats also retrieved
pellets more efficiently than controls and demon-
strated superior memory ability as estimated by the
transfer test. This replicates some of the findings of
Kim et al.34 Another study reported an increase in
exploratory activity and object-recognition memory
in newborn rats fed theanine over several weeks.21

BDNF, which is a direct measure of hippocampal neu-
rogenesis, was also significantly increased in weanling
brains after 6 weeks of theanine administration. A
second study in mice has also reported increases in hip-
pocampal BDNF after 3 weeks theanine adminis-
tration.15 One recent study of rats has investigated
the effect of theanine administration on long-term
potentiation (LTP) at rat hippocampus synapses and
exposure to acute stress in post partum rats.55 They
reported a reduction in serum corticosterone levels,
which is known to cause inhibiton of synaptic plas-
ticity. They thus further examined the effect of thea-
nine on CA1 LTP in hippocampal slices following a
100-Hz and a 200-Hz stimulus for 1 second.
Theanine administration resulted in significant attenu-
ation of the 200 Hz stimulus while effecting no differ-
ence in the 100 Hz pulse. Administration of the
NMDA antagonist APV resulted in significant
reduction of the 200 Hz LTP pulse in the control but
not theanine-fed mice. The authors concluded that
theanine reduces NMDA receptor-dependent CA1
LTP while increasing NMDA independent CA1-LTP.
It also prevented the attenuation in LTP following
exposure to the tail suspension stress test. They con-
clude that the lack of NMDA receptor-dependent
CA1 LTP by theanine intake is involved in ameliorat-
ing the attenuation of CA1 LTP after tail suspension.
Disruption of hippocampal CA1 neuronal activity is
known to be involved in the pathology of

Alzheimer’s, and recent experimental evidence
suggests that amyloid-β disturbs NMDA receptor-
dependent LTP induction in the hippocampal CA1
and dentate gyrus both in vivo and in vitro.56 This
study is therefore significant in helping to establish
one of the precise molecular mechanisms by which
theanine may exert neuroprotective effects on cogni-
tive abilities. No doubt more studies will emerge to
lend further support to the above findings. A recent
study by Tian et al.57 investigated the protective
effect of L-theanine on chronic restraint stress-
induced cognitive impairments in mice over 4
weeks.57 Cognitive function was measured by the
Morris water maze and step through tests, and levels
of serum corticosterone, dopamine, and catechol-
amines were also measured. Theanine caused a rever-
sal both of the cognitive impairment and of the
increased serum corticosterone and catecholamine
levels. The reduction in serum corticosterone confirms
the findings of Takeda et al.55

Potential role in the treatment of anxiety
A small number of studies have begun to focus on the
potential of theanine as an anxiolytic agent in light of
its effects both on alpha brain wave activity and on
inhibitory neurotransmitter release. Three studies to
date have investigated the effects of a single dose of
theanine on measures of anxiety. The first study com-
pared the effects of 200 mg of theanine compared to
1 mg of a standard benzodiazepine, alprezolam, on
measures of anticipatory anxiety in 16 healthy
humans.58 Although theanine exerted a relaxing
effect during the baseline resting stage, it had no
effect on the experimentally induced anxiety stage. In
another once-off study the effects of theanine on phys-
iological stress responses using a mental arithmetic test
as the acute stressor was investigated.59 Theanine was
administered either at the beginning or mid-way
through the trial and resulted in a reduction in heart
rate and salivary immunoglobulin A, indices of
psychological stress. Analysis of heart rate variability
indicated that both of these reductions were attributed
to an attenuation of sympathetic nervous activation.
One other once-off study in rats investigated the
effects a single standard (10 mg/kg) dose of theanine
on its own and combined with either midazolam or
the benzodiazepine antagonist flumezanil on behav-
ioural measures of anxiety in the rat.60 The single
dose of theanine did not reduce anxiety as measured
by the open maze test, but when combined with mid-
azolam resulted in a further modest attenuation of
the effects of midazolam alone. There was no differ-
ence between the theanine group and the theanine
plus flumezanil group. Given the lack of effect of the
single dose of theanine, this finding is to be expected.
Thus to date, there appears to be evidence for only a
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modest role for a single dose of theanine on the allevia-
tion of acute anxiety.
Several recent studies have begun investigating long-

term administration of theanine on chronic anxiety
associated with the acute psychoses, specifically
schizophrenia. In a study, 60 patients with schizo-
phrenia or schizoaffective disorder were supplemented
with 400 mg of theanine per day along with their anti-
psychotic treatment, for a period of 32 months.61

Augmentation with theanine was associated with a
reduction in anxiety as measured by the Hamilton
anxiety rating scale (HARS) scale, and positive and
general psychopathology (measured by the positive
and negative syndrome scale (PANSS) three-dimen-
sional model). These differences ranged from modest
to moderate. It was also found to be safe and well tol-
erated. The authors concluded that L-theanine aug-
mentation therapy can ameliorate positive, activation
and anxiety symptoms in schizophrenia and schizoaf-
fective disorders. In a follow-up study by the same
authors to examine the association between circulating
levels of neurochemical indicators and the positive
effects of L-theanine, they found that BDNF and cor-
tisol to dihydroepiandrosteronesulphate (DHEAS)
ratio were significantly associated with the beneficial
effects of theanine.22 Both of these molecules are
thought to play a role in a myriad of brain functions
including neuroprotection, neuronal excitability,
memory, mood regulation, and response to stress.15

Thus, a further role for BDNF, apart from its role in
hippocampal neurogenesis and memory, in theanine-
mediated effects within the CNS, may also be emer-
ging. However, there is still a dearth of studies on
direct effects of theanine on measures of anxiety,
including generalized anxiety disorder and panic dis-
order on humans; the studies inferring such an effect
indirectly from alpha brain wave changes. As with
ADD, given the positive effects reported so far, these
studies would appear to be well warranted at this
point. Finally, one recent study investigated the
effect of short-term theanine administration on
opioid withdrawal in morphine-dependent monkeys
and reported significantly decreased withdrawal
scores compared to controls.62 They also reported
anxiolytic like effects in mice given a single dose of
theanine, which is at odds with others studies involving
a single bolus to rats. However, it is possible that
species differences may account for the difference.
On the basis of their findings, they suggest that L-thea-
nine may be useful in the treatment of opioid withdra-
wal as well as in anxiety disorders.

Theanine and depression
Two animal studies have begun to investigate whether
theanine can exert either antidepressant effects and the
findings, albeit in need of replication, are promising.

In a 10-day study of rats, the antidepressant effect of
1, 4, and 20 mg/kg theanine resulted in improvements
in two standard antidepressant screening tests, the
forced swim test and tail suspension test, compared
with controls.63 Theanine was also found to antagon-
ise reserpine-induced ptosis and hypothermia,
suggesting mediation by the monoamine neurotrans-
mitter system. Wakabayashi et al.15 also demonstrated
antidepressant effects via reduced immobility in the
forced swim test, and an antipsychotic effect by
means of improved pre-pulse inhibition of acoustic
startle. Deficits in neural pre-pulse inhibition signify
abnormalities in sensorimotor gating as found in
schizophrenia and Alzheimer’s disease. The same
paper demonstrated an increase in calcium levels in
cultured cortical neurons following theanine adminis-
tration and an agonistic effect on the NMDA receptor.
The authors concluded that theanine may possess both
anti-psychotic and antidepressant effects.
Interestingly, expression of BDNF has been found to
be decreased in depression, and antidepressants up-
regulate its expression.64 In addition, suicidal behav-
ioural is also associated with a lower expression of
BDNF (ibid) leading to the suggestion that BDNF
and its mediated signalling may participate in the
pathophysiology of depression and suicide. To what
extent BDNF levels correlate with actual measures
of depression and suicidal behaviour has not been elu-
cidated, but given the ability of theanine to up-regulate
its levels, clinical trials of theanine in clinically
depressed humans would appear to be well warranted
at this point. Plasma BDNF levels are also known to
be decreased in bipolar disorder and to correlate
with the severity of the disease,64 with some authors
suggesting that it plays a critical role in the pathophy-
siology of this disease and in the activity of therapeutic
agents used in its treatment.65 Levels of GABA are
also known to be decreased in mood disorders (for
reviews see refs.65–69); trials of supplementary theanine
both in the maintenance and during active treatment
of bipolar episodes may therefore also be worth
considering.

Attention deficit hyperactivity disorder and
nicotine dependence
Two studies have begun to investigate a role for L-thea-
nine in attention deficit hyperactivity disorder
(ADHD). One study by Cross et al.,70 albeit flawed
in design, administered theanine (along with the sero-
tonin precursor, 5-HTP) on a cohort of adapted and
at-risk children demonstrating at least one clinical
diagnosis of ADHS, mood disorder, attachment dis-
order, and pervasive developmental disorder.
Treatment group was administered theanine in sublin-
gual doses of 50 mg for 6–8 weeks; it was not specified
whether this dose was given more than once daily.
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They were also given 100 mg of the serotonin precur-
sor 5-HTP daily for the same period. A delayed treat-
ment group was given the same supplement 2 months
later but it is not stated for how long they received the
supplements. Urinary measurements of a range of
neurotransmitters were carried out pre- and post-treat-
ment in each group. There were significant increases in
urinary serotonin, glutamate and GABA in the treat-
ment group, the largest increase being for serotonin.
The delayed treatment group also appeared to show
alterations in some of the neurotransmitters measured
but these are difficult to interpret given that the dur-
ation if this treatment group is not stated.
Behavioural changes were measured by the child be-
haviour checklist questionnaire for children and ado-
lescents. Four of the 11 subscales, namely anxious/
depressed, thought problems, attention problems and
other problems were statistically significantly for the
treatment group with a further three subscales
approaching significance. An additional limitation of
this study, which the authors alluded to, was its non-
randomised nature, i.e. parents knew which treatment
group their child was allocated to and this may have
subjectively biased their perceptions of behaviour
post-treatment. The second paper studied the effects
of L-theanine for 6 weeks on sleep quality on a
cohort of boys formally diagnosed with ADHD.71

Two hundred milligrams of theanine was administered
twice daily. Actigraph watch data findings indicated
that boys who consumed L-theanine obtained signifi-
cantly higher sleep percentage and sleep efficiency
scores, along with a non-significant trend for less
activity during sleep compared to the placebo group.
The authors concluded that because disturbed sleep
may be linked etiologically with the disorder, L-thea-
nine may represent a safe adjuvant therapy in child-
hood ADHD.
A recent paper has investigated effects of theanine

on nicotine dependence in mice.23 L-theanine was
found to inhibit the rewarding effects of nicotine in a
conditioned place preference model of the mouse. It
also reduced the upregulation of α, β, and γ subunits
of the nicotinic acetylcholine receptor induced by nic-
otine in mouse brain regions related to the dopamine
reward pathway. Additionally, L-theanine inhibited
nicotine-induced expression of the cellular transcrip-
tion factor c-Fos in the reward areas of mouse brain,
as well as nicotine-induced tyrosine hydroxylase
expression and dopamine production in the mid-
brain of mice.

Conclusion
On the basis of biochemical and in vitro studies,
L-theanine is now emerging as a potentially significant
modulator of brain activity and function. Its ability to
affect a wide range of biological processes, both

synaptic and cellular, is remarkable, and its direct
effects on neurotransmission appear to comprise
only one aspect of its pharmacological activity.
Further studies are needed to establish the extent to
which theanine directly upregulates the inhibitory neu-
rotransmitters GABA and glycine, and inhibits the
excitatory neurotransmitter glutamate. Regarding its
ability to reduce anxiety and increase subjective feel-
ings of calm, its positive effects on alpha brain wave
activity may yet emerge as of equal or greater physio-
logical significance than its ability to modulate neuro-
transmission. It is possible that a synergistic interplay
of both effects combine to produce the reported
improvements in anxiety. To date, no studies have
been carried out on whether L-theanine might play a
role in the treatment of anxiety disorders including
panic disorder or generalized anxiety disorder.
However, the small number of studies concerning L-
theanine supplementation in the treatment of chronic
anxiety of schizophrenia is promising. In addition,
there is limited evidence for an antidepressant effect
of L-theanine in animals, possibly via modulation of
the monoamine oxidase system and BDNF levels.
Further studies in human would also now appear to
be justified. Its paradoxical ability to increase alpha
brain wave activity results in increased attention, alert-
ness, and improved cognitive function in all of the
human studies in normal subjects to date. However
Schalliers findings of increased susceptibility to gener-
alized seizures in animals,19 while in need of replica-
tion with other animal models, is the only paper to
report an adverse effect of theanine treatment. This
may outrule theanine supplementation in human
epileptics.

There already exists a significant body of literature
on the potential neuroprotective effects of the green
tea catechins by Youdim, Mandel, and others (for
reviews, see refs.72,73). These effects appear to involve
a myriad of cellular mechanisms including iron chela-
tion, anti-oxidant activity via scavenging of free rad-
icals, and modulation of specific cellular survival
and signal transduction pathways such as the protein
kinases. The mechanisms by which theanine exerts
its neuroprotective effects appear to differ primarily
from those of the catechins; there is now a significant
body of evidence demonstrating the direct or indirect
antagonism of glutamate metabolism and neurotrans-
mission within the CNS, alongside a possible further
up-regulation of inhibitory neurotransmitters such as
GABA and glycine, and increases in BDNF.
However, further cellular downstream effects of L-
theanine are now beginning to emerge as a result of
the recent in vivo and in vitro studies of Di, Kim, and
Cho.24,32,34 Their collective findings suggest that not-
withstanding the down-regulation of brain glutamate
metabolism, L-theanine is also capable of interfering
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to some degree, with harmful activities such as DNA
fragmentation, amyloid-induced cell death and apop-
tosis. Its ability to inhibit the suppression of a
myriad of cellular proteins such as C Jun Kinase,
Caspase 3 plus NOS and haem oxygenase production,
all implicated with neurodegeneration and cell cycle
regulation and survival, may suggest further means
by which theanine exerts neuroprotective activity.
Furthermore, its ability to inhibit the ERK and
MAP kinases, would appear to play a role in its pre-
vention of amyloid β-induced cell death. Its ability to
alter the cell protein kinases is shared by the catechins;
whether the overall effects within the context of green
tea consumption are additive or not is presently
unknown. Overall, however, the positive findings to
date regarding theanine are providing additional
support for the efficaciousness of green tea consump-
tion apropos of cognitive function and neuroprotec-
tion. Given the positive experimental outcomes
following treatment with theanine post-cerebral infarc-
tion in animals, further studies on L-theanine sup-
plementation in humans following cerebral infarction
and injury seem justified. There is also an increasing
body of evidence to support a role for L-theanine in
the partial prevention of Alzheimer’s disease and cog-
nitive decline in humans partly due to its effect on CA1
neurons. The increase in brain levels of BDNF follow-
ing L-theanine administration to animals point to a
further possible role for this amino acid in neurogen-
esis and memory formation. Given the role of
BDNF in synaptic plasticity and learning via its
effects on late phase LTP, one correlation that merits
further attention is that between BDNF and L-thea-
nine. Whether or not its ability to increase levels of
BDNF might play a further indirect role in the treat-
ment of psychiatric disorders such as depression,
bipolar disorder, and OCD, remain speculative at
present but worthy of investigation. It is worth reiter-
ating the findings of Takeda et al.55 regarding the posi-
tive effect of theanine on NMDA-independent CA1
LTP in rats. The latter phenomenon is now thought
to play a part in spatial memory formation within
the hippocampus.74 In light of the positive effects of
L-theanine administration on cognitive function in
rats involving spatial awareness such as the water
maze task, it is interesting to speculate on whether
theanine may partly exert its effects via this mechan-
ism. It is also worth noting that theanine appears
capable of both NMDA receptor dependent and inde-
pendent effects. BDNF has also been implicated in the
aetiology of Alzheimer’s disease; it has been suggested
that the early memory dysfunction seen in AD may be
related to BDNF levels within the hippocampus.75 It is
postulated that this may have a bearing on support for
cholinergic neurons as well as a deficit in LTP. In light
of the reported findings of increased BDNF levels

within the hypothalamus following theanine adminis-
tration,8,15 the latter effects must be considered as
potentially equally significant as its effects on gluta-
mergic neurons and receptors. The single study to
date on the positive effects of theanine on nicotine
dependence23 is in need of replication, but may
suggest a previously unidentified therapeutic or adju-
vant role for theanine in the adjuvant treatment of nic-
otine addiction. Further studies on its effects on
withdrawal from other drugs such as opioids may be
well worth pursuing. Apropos a role for L-theanine
in the treatment of ADHD, further studies are
needed on actual effects on behavioural indices. In
addition, the effect of L-theanine on activity and func-
tion within the nucleus accumbens, which is thought to
function abnormally in this disorder would be worth
investigating. In particular, a low density of dopamine
receptor sites has been found in this region in ADD
and ADHS. The nucleus accumbens also contains
the highest density of dopamine in the brain and is
particularly sensitive to serotonin. Given that L-thea-
nine has been shown to increase dopamine and seroto-
nin levels in the mesolimbic area, positron emission
tomography and functional magnetic resonance
imaging studies following a treatment regime with
L-theanine in affected individuals could provide
useful information on any differential effects of L-thea-
nine in this group.
Finally, a recent study has reported diminished

serum BDNF levels in a small cohort of patients
with obsessive compulsive disorder.76 Although they
did not find a correlation between BDNF and severity
of symptoms, the authors suggested that a possible
dysfunction of neurotrophic expression in the pathol-
ogy of OCD might provide the rational for further
investigations of new therapeutic strategies. Given
both the positive effect of L-theanine on BDNF
levels, and the predominance of anxiety in the pheno-
typical expression of this disorder, specific studies on
the effects of L-theanine in OCD may also be worth-
while. Finally, an interesting correlation has been
reported between plasma BDNF levels and clinical
symptoms of anorexia nervosa, and it has been
hypothesized that BDNF could be involved in the
severity of this disease also via modulation of psycho-
pathological traits that are associated with its pheno-
type.77 A similar rationale for clinical trials of L-
theanine supplementation in Anorexia may be
equally warranted.

Acknowledgement
The author wishes to acknowledge the valuable assist-
ance of Dr Miriam Kennedy, St Patricks University
Hospital, Dublin 8, Ireland, in the acquisition of
inter-library loan material.

Lardner Neurobiological effects of the green tea constituent theanine

Nutritional Neuroscience 2013 VOL. 0 NO. 0 9



References
1 Sakato Y. The chemical constituents of tea:111. A new amide
theanine. Nippon Nogeikagaku Kaishi 1949;23:261–7.

2 Kai-Yang S, Chih-Li L, Syu KY, Lin CL, Hsiu-Chen H, Lin JK.
Determination of theanine, GABA, and other amino acids in
green, oolong, black, and pu-erh teas with dabsylation and
high-performance liquid chromatography. J Agric Food Chem
2008;56:7637–43.

3 Unno T, Suzuki Y, Kakuda T, Hayakawa T, Tsuge H.
Metabolism of theanine, gamma-glutamylethylamide, in rats.
J Agric Food Chem 1999;47:1593–6.

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

5 Tsuge H, Sano S, Hayakawa T, Kakuda T, Unno T. Theanine,
gamma-glutamylethylamide, is metabolized by renal phos-
phate-independent glutaminase. Biochim Biophys Acta 2003;
1620:47–53.

6 Yokogoshi H, Mochizuki M, Saitoh K. Theanine-induced
reduction of brain serotonin concentration in rats. Biosc
Biotechnol Biochem 1998;62:816–7.

7 Kimura R, Murata T. Influence of alkylamides of glutamic acid
and related compounds on the central nervous system. 1. Central
depressant effect of theanine. Chem Pharm Bull 1971;19:
1257–61.

8 Yamada T, Terashima T, Okubo T, Junega LR, Yokogoshi R.
Effects of theanine-glutamyl ethylamide, on neurotransmitter
release and its relationship with glutamic acid neurotrans-
mission. Nutr Neurosci 2005;8:219–26.

9 Yadid G, Pacak K, Golomb E, Harvey-White DJ, Lieberman
MD, Kopin JI, et al. Glycine stimulates striatal dopamine
release in conscious rats. Br J Pharmacol 1993;110:50–3.

10 Kakuda T, Abe 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.

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

12 Yamada T, Terashima T, Wada K, Ueda S, Ito M, Okubo T,
et al. Theanine, γ-glutamylethylamide, increases neurotrans-
mission concentrations and neurotrophin mRNA levels in the
brain during lactation. Life Sci 2007;81:1247–55.

13 Ganguly K, Schinger FA, Wong TS, Poo MM. GABA itself pro-
motes the developmental switch of neuronal GABAergic
neurons from excitation to inhibition. Cell 2001;105:521–32.

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

15 Wakabayashi C, Numakawa T, Ninomiya M, Chiba S, Kunugi
H. Behavioural and molecular evidence for psychotropic effects
in L-theanine. Psychopharmol 2012;219:1099–109.

16 Yokogoshi H, Mochizuki M, Saitoh K. Theanine–induced
reduction of brain serotonin concentration in rats. Biosci
Biotechonol Biochem 1998;62:816–7.

17 Yokogoshi H, Terashima T. Effect of theanine, γ-glutamylethyla-
mide, on brain monoamines, striatal dopamine release and some
kinds of behaviour in rats. Nutrition 2000;16:776–81.

18 Shen H, Shen X, Wang R, Wu M. Effects of theanine on cereb-
eral ishaemia-reperfusion injury in rats (abstract only). Wei
Sheng Yan Jiu 2011;40:684–7.

19 Schallier A, Vermoesen K, Loyens E, Liefferinge JV,Michotte Y,
Smolders I, et al. L-theanine intake increases threshold for limbic
seizures but decreases threshold for generalised seizures. Nutr
Neurosci 2013;16:78–82.

20 Yamada T, Terashima T, Honma H, Nagata S, Okubo T, Juneja
LR, et al. Effects of theanine, a unique amino acid in tea leaves,
on memory in a rat behavioural test. Biosci Biotech Biochem
2008;72:1356–9.

21 Takeda A, Sakamoto K, Tamano H, Fukura K, Inui N, Suh SW,
et al. Facilitated neurogenesis in the developing hippocampus
after intake of theanine, an amino acid in tea-leaves, and
object recognition memory. Cell Mol Neurobiol 2011;31:
1079–88.

22 Miodownik C, Maayan R, Ratner Y, Lerner V, Pintov L, Mar
M, et al. Serum levels of brain-derived neurotrophic factor and
cortisol to sulphate of dehydroiepiandrosterone molar ratio
associated with clinical response to L-theanine as augmentation

therapy of antipsychotic therapy in schizophrenia and schizoaf-
fectve disorder in patients. Clin Neuropharmac 2011;34:155–60.

23 Di X, Yan J, Zhao Y, Chang Y, Zhao B. L-theanine inhibits nic-
otine-induced dependence via regulation of the nicotine acetyl-
choline receptor-dopamine reward pathway. Sci China Life Sci.
2012;55:1064–74.

24 Cho HS, Kim S, Lee SY, Kim SJ, Chun HS. Protective effect of
he green tea component L-theanine on environmental toxin-
induced neuronal cell death. Neurobiology 2008;29:656–62.

25 Gomez-Ramirez M, Kelly SP, Montesi JL, Fox JJ. The effect of
L-theanine on alpha-band oscillatory brain activity during a
visuo-spatial attention task. Brain Topogr 2009;22:44–51.

26 Walton HS, Dodd PR. Glutamate-glutamine cycling in
Alzheimers disease. Neurochem Int 2007;50:1052–66.

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

28 Kakuda T. Neuroprotective effects of the green tea compounds
theanine and catechins. Biol Pharm Bull 2002;25:1513–8.

29 Nagasawa K, Aoki H, Yasuda E, Nagai K, Shimohama S,
Fugimoto S. Possible involvement of group 1 mGluRs in neuro-
protective effects of theanine. Biochem Biophys Res Comm
2004;320:116–22.

30 Kakuda T, Nozawa A, Sugimoto A, Nino H. Inhibition by thea-
nine of binding of [3H] AMPA, [3H] Kainate, and [3H] MDL
105 519 to glutamate receptors. Biosci Biotechnol Biochem
2002;66:2683–6.

31 Zukhurova M, Prosvirnina M, Daineko A, Simanenkova A,
Petrishchev N, Sonin D, et al. L-theanine administration
results in neuroprotection and prevents glutamate receptor
agonist-mediated injury in the rat model of cerebral ishaemia-
reperfusion. Phytother Res 2012 (epub ahead of print).

32 Di X, Yan J, Zhao Y, Zhang J, Shi Z, Chang Y, et al. L-theanine
protects the APP (Swedish mutation) transgenic SH-SY5Y cell
against glutamate-induced excitotoxicity via inhibition of the
NMDA receptor pathway. Nueroscience 2010;168:778–86.

33 Nagasawa K, Aoki H, Yasuda E, Nagai K, Shimohama S,
Fujimoto S. Possible involvement of group 1 mGLuRs in neuro-
protective effect of theanine. Biochem Biophys Res Commun
2004;320:116–22.

34 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: reduction in
oxidative damage and inactivation of ERK/p38 kinase and
NF-κB pathways. Free Rad Biol Med 2009;47:1601–10.

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

36 Kuriyama S, Hozawa A, Ohmori K, Shimazu T, Matsui T,
Ebihara S, et al. Green tea consumption and cognitive function:
a cross-sectional study from the Tsurgaya project. Am J Clin
Nutr 2006;83:355–61.

37 Kataoka Y, Utsunomiya K, Kimbara A, Fukushima K, Mori T,
Shiba J. Preventative effect of green tea containing theanine at a
high concentration on dementia in aged volunteers. J Jpn
Mibyou Syst Assoc 2009;15:17–23.

38 Eschenauer G, Sweet BV. Pharmacology and therapeutic uses of
theanine. Am J Health Syst Pharm 2006;63:26–30.

39 Kobayashi T, Nagato Y, Aon N, Juneja LR, KimM, Yamamoto
T, et al. Effects of L-theanine on the release of α-brain waves in
human volunteers. Nippon Nogei Kagakukaishi 1998;72;153–7.

40 Song CH, Jung HJ, Oh SJ, Kim SK. Effects of theanine on the
release of brain alpha wave in adult males. J Korean Nutr Soc
(abstract only in English). 2003;36:918–23.

41 Gomez-Ramirez M, Higgins BA, Rycroft JA, Owen GN,
Mahoney J, et al. The deployment of intersensory selective atten-
tion: a high-density electrical mapping study of the effects of
theanine. Clin Neuropharmac 2007;30:25–38.

42 Owen GN, Parnell H, De Bruin EA, Rycroft JA. The combined
effect of L-theanine and caffeine on cognitive performance and
mood. Nutr Neuro 2008;11:93–8.

43 Nobre AC, Rao A, Owen GN. L-theanine, a natural constituent
in tea, and its effect on mental state. Asia Pac J Clin Nutr 2008;
17(Supp 1):167–8.

44 Fox JJ, Morie KP, Laud PJ, Rowson MJ, de Bruin EA, Kelly SP.
Assessing the effects of caffeine and theanine on the maintenance
of vigilance on a sustained attention task. Neuropharmacol
2012;62:2319–26.

45 Kimura R, Murata T. Influence of alkylamides of glutamic acid
and related compounds on the central nervous system. 1 V Effect

Lardner Neurobiological effects of the green tea constituent theanine

Nutritional Neuroscience 2013 VOL. 0 NO. 010



of theanine on 3′, 5′-monophosphate formation in rat cerebral
cortex. Chem Pharm Bulletin 1980;80:661–6

46 Kakuda T, Nozawa A, Unno T, Okamuaa N, Okai O. Inhibiting
effects of theanine on caffeine stimulation evaluated by EEG in
the rat. Biosci Biotech Biochem 2000;64:287–93.

47 Rogers PJ, Smith JE, Heatherley SV, Pleydell-Pearce CW. Time
for tea: mood, blood pressure and cognitive performance effects
of caffeine and theanine administered alone and together.
Psychopharmacology 2008;195:569–77.

48 Kimura R, Kurita M, Murata T. Influence of glutamic acid and
related compounds on the central nervous system. 111. Effect of
theanine on spontaneous activity in mice. Yakugaku Zasshi
1975;95:892–5.

49 Sagesaka Y, Kakuda T, Kawamura K. Pharmacological effect of
theanine. Proc of the Internat Symposium on Tea Science 1991;
7:362–5.

50 Jang HS, Jung JY, Jang IS, Jang KH, Kim SH, Hah JH, et al. L-
theanine partially counteracts caffeine-induced sleep disturbance
in rats. Pharmac Biochem Behav 2012;101:217–21.

51 Owen GN, Parnell H, De Bruin WA, Rycroft JA. The combined
effects of L-theanine and caffeine on cognitive performance and
mood. Nutr Neurosci 2008;11:193–8.

52 Einother SJ, Martens VE, Rycroft JA, De Bruin EA. L-theanine
and caffeine improve task switching but not intersensory atten-
tion or subjective alertness. Appetite 2010;54:406–9.

53 Abdou AM, Higashiguchi S, Horie K, Kim M, Hatta H,
Yokogoshi H. Relaxation and immunity enhancement effects
of gamma-aminobutyric acid (GABA) administration in
humans. Biofactors 2006;26:201–8.

54 Yoto A,Murao S,MotokiM, YokoyamaY, Horie N, Takeshima
K, et al. Oral intake of γ-aminobutyric acid affects mood and
activities of central nervous system during stressed condition
induced by mental tasks. Amino Acids 2012;43:1331–7.

55 Takeda A, Tamano H, Suzuki M, Sakamoto K, Oku N,
Yokogoshi H. Unique Induction of CA1 LTP components
after intake of theanine, an amino acid in tea leaves and its
effect on stress response. Cell Mol Neurobiol 2012;32:41–8.

56 Yamin G. NMDA receptor-dependent signalling pathways that
underlie amyloid beta-protein disruption of LTP in the hippo-
campus. J Neurosci Res 2009;87:1729–36.

57 Tian X, Sun L, Gou L, Ling X, Feng Y, Wang L, et al. Protective
effect of L-theanine on chronic restraint stress-induced cognitive
impairments in mice. Brain Res 2013;1503:24–32.

58 Lu K, Gray MA, Oliver C, Liley DT, Harrison BJ,
Bartholomuesz CF, et al. The acute effects of L-theanine in com-
parison with alprezolam on anticipatory anxiety in humans.
Hum Psychopharmacol 2004;19:457–65.

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

60 Hease T, Jenkinson J, Love C, Milam R, Perkins L, Adams C,
et al. Anxiolytic effects of L-theanine-a component of green
tea-when combined with midazolam, in the male Sprague-
Dawley rat. AANA J 2009;77:445–9.

61 Ritsner MS, Miodownik C, Ratner Y, Schleifer T, Mar M,
Pintov L, et al. L theanine relieves positive, activation, and
anxiety symptoms in patients with schizophrenia and schizoaf-
fective disorder: an 8-week, randomised, double-blind, placebo-
controlled, 2-center study. Clin Psych 2011;72:34–42.

62 Wise LE, Premaratne ID, Gamage TF, Lichtman AH, Hughes
LD, Harris LS, et al. L-theanine attenuates abstinence
signs in morphine-dependent rhesus monkeys and elicits anxio-
lytic-like behaviour in mice. Pharm Bioch Behav 2012;103:
245–52.

63 Yin C, Liu Y, Yin X, Xhang L, Jia G, Zhuang X.
Antidepressant-like effects of L-theanine in the
forced–swim and tail suspension tests in mice. Phytother Res
2011;25:1636–9.

64 Dwivedi Y. Brain derived neurotrophic factor: role in depression
and suicide. Neuropsychiatr Dis Treat 2009;5:4433–49.

65 Yoshiumura R, Ikenouchi-Sugita A, Hori H, Umene-Nakano
W, Katsuki A, Havashi K, et al. (Abstract only) Brain derived
neurotrophic factor (BDNF) and mood disorder. Nihon
Shinkei Seishin Yakuriqaku Zasshi 2010;30:181–4.

66 Hashimoto K, Shimizu E, Ivo M. Critical role of brain-derived
neurotrophic factor in mood disorders. Brain Res Brain Res
Rev 2004;45:104–14.

67 Dean B. The neurobiology of bipolar disorder: findings using
human post-mortem central nervous system tissue. Aust NZ J
Psychiatry 2004;38:135–40.

68 Brampilla P, Jerez J, Barale F, Schettini G, Soares JC.
GABAergic dysfunction in mood disorders. Mol Psychiatry
2003;8:721–37.

69 Shiah IS, Yatham LN. GABA function in mood disorders; an
update and critical review. Life Sci 1998;63:1289–303.

70 Cross DR, Kellerman G, McKenzie LB, Purvis KB, Hills GJ,
Huisman H. A randomised targeted amino acid therapy with
behaviourally at-risk adapted children. Child Care Health Dev
2011;37:671–8.

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

72 Mandel SA, Amit T, Kalafon L, Reznichenko L, Youdim M.
Targetting multiple neurodegenerative diseases etiologies with
multimodal-acting green tea catechins. J. Nutr 2008;138:
1578–83S.

73 Weinreb O, Amit T, Mandel S, Youdim M. Neuroprotective
molecular mechanisms of epigallocatechin-3-gallate: a reflective
outcome of its antioxidant, iron chelating and neuritogenic prop-
erties. Genes Nutr 2009;4:283–96.

74 Moosemang S, Haider N, Klugbauer N, Adelsberger H,
Langwieser N, Muller J, et al. Role of hippocampal Cav1.2
Ca2+ channels in NMDA receptor-independent synaptic plas-
ticity and spatial memory. J Neurosci 2005;25:9883–9.

75 Allen SJ, Watson JJ, Dawbarn D. The neurotrophins and their
role in Alzheimer’s disease. Curr Neuropharmacol 2011;9:
559–73.

76 Maina G, Rosso G, Zanardini R, Bogetto F, Genarrelli M,
Bochio-Chiavetto L. Serum levels of brain-derived neurotrophic
factor in drug-naive obsessive-compulsive patients: a case control
study. J Affect Disord 2010;122:174–8.

77 Mercader JM, Fernández-Aranda F, Gratacòs M, Ribasés M,
Badía A, Villarejo C, et al. Blood levels of brain-derived neuro-
trophic factor correlate with several psychopathological symp-
toms in anorexia nervosa patients. Neuropsychobiology 2007;
56:185–90.

Lardner Neurobiological effects of the green tea constituent theanine

Nutritional Neuroscience 2013 VOL. 0 NO. 0 11




