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L-Theanine (6-glutamylethylamide) is one of the predominant amino acids ordinarily found in green tea, and historically has
been used as a relaxing agent. The current study examined the acute effects of L-theanine in comparison with a standard
benzodiazepine anxiolytic, alprazolam and placebo on behavioural measures of anxiety in healthy human subjects using the
model of anticipatory anxiety (AA). Sixteen healthy volunteers received alprazolam (1 mg), L-theanine (200 mg) or placebo
in a double-blind placebo-controlled repeated measures design. The acute effects of alprazolam and L-theanine were
assessed under a relaxed and experimentally induced anxiety condition. Subjective self-reports of anxiety including BAI,
VAMS, STAI state anxiety, were obtained during both task conditions at pre- and post-drug administrations. The results
showed some evidence for relaxing effects of L-theanine during the baseline condition on the tranquil-troubled subscale
of the VAMS. Alprazolam did not exert any anxiolytic effects in comparison with the placebo on any of the measures during
the relaxed state. Neither L-theanine nor alprazalam had any significant anxiolytic effects during the experimentally induced
anxiety state. The findings suggest that while L-theanine may have some relaxing effects under resting conditions, neither L-
theanine not alprazolam demonstrate any acute anxiolytic effects under conditions of increased anxiety in the AA model.
Copyright © 2004 John Wiley & Sons, Ltd.
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INTRODUCTION

L-Theanine (6-glutamylethylamide) is one of the pre-
dominant amino acids found in green tea and histori-
cally it has been used as a relaxing agent. It was first
isolated and identified in green tea leaves (Camella
sinensis) in 1949 by Sakato (1949) and in mushrooms
(Xerocomus badius) in the early 1950s (Casimir et al.,
1960).

The pharmacology of L-theanine is relatively
unknown. Animal studies have shown evidence for
multiple pharmacological effects on various neuro-
chemical systems. These pharmacological effects
include: (1) inhibition of glutamate reuptake by inhi-
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bition of the glutamate transporter (Sadzuka et al.,
2001); (2) increases in y-aminobutyric acid (GABA)
concentrations (Kimura and Murata, 1971); (3)
increases in dopamine release in the striatum in rats
(Yokogashi et al., 1998a); (4) increases in serotonin
levels in specific brain regions including the striatum,
hippocampus and hypothalamus in rats (Yokogashi
et al., 1998b); and (5) neuroprotective effects in the
hippocampus through blockade of multiple glutamate
receptor subtypes, NMDA (N-methyl-D-aspartate)
and AMPA (a-amino-3-hydroxy-5-methylisoxazole-
4-propionic acid) receptors (Kakuda, 2002; Kakuda
et al., 2000; Lu et al., 2004).

While historically L-theanine has been shown to
have relaxing properties (Juneja et al., 1999; Lu
et al., 2004), the anxiolytic effects of L-theanine have
not been established scientifically in animal or human
studies. However, the pharmacological effects of L-
theanine reported in animals suggest that it may have

Received 29 April 2004
Accepted 25 May 2004



458

some anxiolytic properties given that both serotonin
and GABA play a fundamental role in the neurobiol-
ogy of anxiety and are molecular targets in the treat-
ment of various anxiety disorders (Kent et al., 2002;
Charney, 2003; Millan, 2003). Supporting the pre-
clinical pharmacological effects of L-theanine, one
electrophysiological study in healthy human subjects
reported possible relaxing effects of L-theanine
(200 mg) as indicated by increased alpha activity in
the occipital and parietal cortex (Ito et al., 1998).
While useful, the latter finding does not provide strong
evidence for an anxiolytic effect of L-theanine, as
alpha activity is regarded as an indirect and crude
measure anxiety and behavioural measures of anxiety
or relaxation were not evaluated and reported.

Both pharmacological and psychological methods
have been used to examine anxiety in humans. These
include pharmacological methods such as cholecysto-
kinin tetrapeptide (CCK-4), lactate, carbon dioxide
and pentagastrin induced anxiety (Benkelfat er al.,
1995; Bellodi et al., 1998; Ponto er al., 2002;
Bradwejn et al., 1995; Javanmard et al., 1999;
Boshuisen et al., 2002; Zedkova et al., 2003; Zwanz-
ger et al., 2003a, 2003b), and psychological (experi-
mental) methods such as extemporaneous public
speaking, aversive conditioning, fear-potentiated star-
tle response, Stroop colour word task performance
and anticipation of electric shock (Baas et al., 2002;
Chua et al., 1999; Graeff, 2002, 2003; Grillon and
Ameli, 2001; Grillon et al., 1991, 1993a,b; Palma
et al., 1994; Reiman et al., 1989; Riba et al., 2001;
Silva et al., 2001; Simpson et al., 2001; Tillfors
et al., 2002). Recently, it has been shown that some
of these models of experimental anxiety, particularly
the fear-potentiated startle response are also sensitive
to benzodiazepine anxiolytic agents (Zuardi et al.,
1993; Patrick et al., 1996; Hellewell et al., 1999; Leite
et al., 1999; Bitsios et al., 1999; Riba et al., 2001;
Graeff, 2003). Furthermore, the 5-HT agonist (d-
fenfluramine), and 5-HT antagonist (nefazodone) have
also been shown to attenuate the anxiety induced by
both simulated public speaking and aversive condi-
tioning to tones, as indicated by the anxiety dimension
of the VAMS and the bodily symptoms scale (BSS)
(Hetem et al., 1996; Silva et al., 2001; Graeff 2002,
2003). These findings suggest that experimental
models of anxiety may be useful in detecting acute
anxiolytic effects of potential anxiolytic drugs.

Anticipatory anxiety (AA) is one of the basic forms
of anxiety, and commonly occurs in response to an
immediate negative event or stressor (Reiman et al.,
1989). It is commonly experienced in normal indivi-
duals and in patients suffering from anxiety disorders,
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especially panic disorder (Barlow et al., 1996). Pre-
viously AA has been used as a model of anxiety and
is induced within healthy human subjects via the
expectation of mild electric shocks (Reiman et al.,
1989; Chua et al., 1999; Simpson et al., 2001; Gray
et al., 2003). Induced AA is associated with increased
subjective anxiety, phasic skin conductance and heart
rates, and produces changes in blood flow and electri-
cal activity in cortical areas associated with anxiety
(Reiman et al., 1989; Chua et al., 1999; Simpson
et al., 2001; Gray et al., 2002, 2003). Recently, in
an electrophysiological brain imaging study it was
shown that this model of anxiety is also sensitive to
the three main classes of anxiolytics, namely selective
serotonin-reuptake inhibitors (SSRI) (citalopram), 5-
HT, 4 partial agonists and benzodiazepines (alprazo-
lam) (Gray et al., 2002).

Given the sensitivity of the AA model to anxioly-
tics, the acute effects of L-theanine were examined
in comparison with a standard benzodiazepine anxio-
Iytic, alprazolam, on behavioural measures of anxiety
in healthy human subjects using the AA model. It was
hypothesized both alprazolam and L-theanine would
reduce the subjective experience of anxiety in the
AA model, and that the effects of L-theanine would
be comparable to that of alprazolam.

METHODS
Participants

Sixteen healthy participants (12 males aged between
18 and 34 years (mean 4+ SD =24.8 +5.4) and four
females aged between 28 to 31 years (mean =+
SD =29.0£ 1.4)) were recruited through University
advertisements. All participants were considered for
selection if they were healthy, non-smokers, non-
medicated (no contraceptive medication for females),
and had no known personal or family history of
physical or psychiatric disorders as determined by
semi-structured clinical interview by a physician.
All participants gave written informed consent to the
take part in the study, which was approved by the
Swinburne Research Ethics Committee.

Study design

The study was a double-blind, placebo-controlled,
repeated measures design, in which all subjects were
tested under three treatment conditions. The treatment
conditions were: placebo, L-theanine (200 mg;
Suntheanine™, Taiyo Kagaku, Japan) and alprazolam
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Figure 1.

(1 mg; Xanax™, Pharmacia and UpJohn Ltd).
Alprazolam was used as a positive control in order
to compare its effects with L-theanine. Individual
assignment to the order of treatment condition was
randomized using a Latin square design. All partici-
pants were required to attend 3 full-day repeated test-
ing sessions with a minimum 7 days between testing
days to allow for a sufficient drug washout period. On
each treatment session, testing was conducted at base-
line (pre-treatment) and 2%2h and 5h post-treatment
(see Figure 1). Testing times were selected to coincide
with peak pharmacokinetic and pharmacodynamic
effects of alprazolam and L-theanine (Fawcett and
Kravitz, 1982; Terashima et al., 1999). A total of nine
testing sessions was completed in the 3 day testing
period over 3 weeks.

Procedure

The study was conducted at the Neuropsychopharma-
cology Laboratory, Brain Sciences Institute, Swin-
burne University of Technology. Subjects were
initially interviewed by telephone to screen for health
and fitness suitability. All subjects were screened
further for psychiatric and physical illnesses by a
medical physician using the Prime-MD (based on
the DSM-IV criteria for psychiatric disorders) (APA,
1994) and a semi-structured clinical interview. At the
time of the initial telephone contact, subjects were
given a verbal explanation of the study. Upon their
arrival in the laboratory for the medical examination,
written instructions and information about the study
was provided and they were asked to sign the consent
form if they agreed to take part in the study.

Copyright © 2004 John Wiley & Sons, Ltd.

Subject testing schedule and behavioural measures of anxiety in each treatment day

In an attempt to control for metabolic differences,
subjects were instructed to consume a light breakfast
with a low protein content such as toast or cereal prior
to each testing day. They were instructed not to con-
sume alcoholic or caffeinated beverages, including
coffee or tea, particularly green tea, in the previous
24 h. A standard meal (one apple and 300 ml of orange
juice) was provided 3%2h after drug administration.
Female participants were tested during the follicular
phase (days 1-13) of their menstrual cycle in order
to control for the possible influence of phase-depen-
dent variation in mood.

Figure 1 shows the subjects’ testing schedule on
each treatment day. At baseline (pre-drug testing),
the subjects were asked to complete pre-anxiety
self-rating measures including the Beck depression
inventory-II (BDI-II) and trait and state anxiety (see
Behavioural Measures Section). Subjects were then
asked to complete the AA task conditions (see Testing
Methodology section). Behavioural measures of anxi-
ety including Beck anxiety inventory (BAI) and
VAMS were used to measure subjective anxiety dur-
ing the AA task. Subjects received either L-theanine
(200 mg), alprazolam (1 mg) or placebo immediately
after the baseline testing was completed. The AA task
and behavioural measures of anxiety were re-adminis-
tered at 2%2 and 5 h post-drug administration. A side-
effect checklist was also administered to monitor
subjective physiological symptoms. The checklist
took the form of a 1-5 Likert scale, that contained the
following items: headache, feeling cold, feeling hot,
dizziness, blurred vision, nausea, heart palpitations,
dry mouth and gastric complaints, to give a mean sub-
jective physiological symptoms score for each item.

Hum Psychopharmacol Clin Exp 2004; 19: 457-465.
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Testing methodology (anticipatory anxiety)

The subjects completed two task conditions, an AA
condition and a relaxed condition. In both conditions,
the subjects were instructed to focus their gaze on a
computer monitor and focus their attention on their
current feelings. During the AA condition, a red bor-
der framed the computer screen. Subjects were
informed that they would randomly receive electrical
shocks during the red border presentation. Subjects
completed two blocks of AA tasks in this condition,
which had a total of 180 s duration, 135s on the first
block and 45 s on the second block. The subjects also
stopped to complete the VAMS and Beck anxiety
inventory (BAI) measures in between the two blocks
(see Behavioural Measures). The relaxed (baseline)
condition was identical to the AA condition, except
in this condition, a blue border framed the computer
screen and subjects were informed that no shocks
would be delivered during the blue border presenta-
tion. The current experimental methodology is similar
to that used in previous neuroimaging studies and has
been shown to activate areas associated with anxiety
(Gray et al., 2002, 2003).

Stimuli and apparatus. The electrical stimuli were
delivered through two electrodes with gel and adhe-
sive attached to the back of the participant’s right
hand. The stimulus was delivered by an Isolated Sti-
mulator, Dogwood Scientific Equipment, model
CMS 1-200. The shocks had an intensity of 30 mA,
a voltage of 110V (maximum) and duration of
0.1 ms. This level of electrical stimulation has pre-
viously been shown to reliably induce anticipatory
anxiety in healthy human subjects without causing
pain (Gray et al., 2002, 2003).

Behavioural measures

The following self-rating scales were used to assess
behavioural (subjective) states of anxiety.

The visual analogue mood scale (VAMS: Bond and
Lader, 1974) requires subjects to place a single mark
with a pen along a 100 cm horizontal line separated by
two adjectives in the current study: (1) calm—excited,
(2) relaxed—tense and (3) tranquil-troubled.

The state-trait anxiety inventory (STAIL: Spielberger
et al., 1970) is a 20-item scale assessing two types of
anxiety: state anxiety measures the intensity of anxi-
ety at a particular moment from 1 ‘not at all’ to 4 ‘very
much so’, and trait anxiety measures anxiety as a rela-
tively stable personality trait from 1 ‘almost never’ to
4 ‘almost always’.

Copyright © 2004 John Wiley & Sons, Ltd.
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The Beck depression inventory-II (BDI-II: Beck
et al., 1996) is a widely used 21-item inventory for
assessing the severity of depression. Each item is rated
on a scale ranging from 0 ‘normal’ to 3 ‘most severe’
with summary scores ranging from 0 to 63.

The Beck anxiety inventory (BAI: Beck and Steer,
1987) consists of 21 items assessing anxiety symp-
toms, especially focuses on those symptoms that are
distinct from depressive symptoms. Each item is rated
on a 4-point scale ranging from 0 ‘not at all’ to 3
‘severely, I could barely stand it’, with a total score
ranging from 0 to 63.

Statistical analysis

The data were analysed using the Statistical Package
for the Social Sciences (SPSS for Windows, version
11, SPSS Inc., Chicago II USA). The maximum
effects of each treatment on anxiety were calculated
as the difference between the mean scores at post drug
(maximum value regardless of time, i.e. 2%2 or 5h)
relative to the baseline mean score and the baseline
mean score itself. The drug conditions (L-theanine,
alprazolam, placebo) and time (baseline testing,
post-treatment maximum score) were the independent
variables, and behavioural measures (VAMS sub-
scales, BAI and STAI) were the dependent variables.
The data were analysed using a 3 (drug) by 2 (time)
repeated measures multivariate analysis of variance
(MANOVA), conducted separately for both the
relaxed (baseline) and AA task conditions. Post hoc
analyses were carried out on significant interactions
between drug and time in order to examine the speci-
fic effects of each drug. STAI Trait anxiety was also
used as a covariate in a multivariate analysis of covar-
iance (MANCOVA), in order to examine the influence
of trait anxiety on the drug induced changes in beha-
vioural anxiety in the AA model. In addition, to exam-
ine the effects of the task conditions (relaxed vs AA)
on measures of anxiety, a paired-sample r-test was
conducted for each behavioural anxiety measure using
the pre-drug baseline scores.

RESULTS

The BDI scores (M =3.81, SD =4.78) and trait anxi-
ety scores (M =33.44, SD=7.14) indicated that all
subjects’ scores were within the normal range.
Paired-sample #-test showed that all behavioural
measures were associated with increased subjective
anxiety in the AA task condition relative to the relaxed
condition. However, only scores on the BAI
(#(47)=3.61, p<0.01) and tranquil-troubled

Hum Psychopharmacol Clin Exp 2004; 19: 457-465.
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Table 1. Mean and standard deviation (SD) for behavioural
measures of anxiety in both relaxed and AA condition

Behavioural measures Relaxed condition AA condition

Mean (SD) Mean (SD)
BAI 1.48 (2.73) 3.04 (3.45)"
VAMS
Calm 9.83 (11.33) 10.75 (9.01)
Relaxed 10.13 (12.33) 12.60 (10.43)
Tranquil 10.71 (13.31) 14.73 (13.15)*

4p < 0.05 for the AA relative to relaxed condition.

subscale of in the VAMS (#47)=2.28, p>0.05)
showed significant differences between the two task
conditions. The means and standard deviations (SD)
for the behavioural measures of anxiety in both
relaxed and AA conditions are shown in Table 1.

In the relaxed task condition, the repeated measures
MANOVA revealed a significant drug x time interac-
tion for two of the dependent variables, STAI state
anxiety and the tranquil-troubled subscale of the
VAMS. The means and standard deviations, and the
associated significant levels for the drug x time inter-
action on each measure of anxiety in the relaxed con-
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dition are shown in Table 2. Further post hoc
comparisons were performed for both subjective mea-
sures of anxiety. Alprazolam significantly increased
STAI state anxiety scores in the relaxed condition in
comparison with placebo (F(1,15)=6.11, p <0.05).
L-theanine had no significant effect in comparison
with placebo (p> 0.05). With regard to the tranquil—
troubled subscale of the VAMS, L-theanine signifi-
cantly reduced subjective anxiety in comparison with
alprazolam (F(1,15)=5.37, p<0.05) and placebo
(F(1,15)=4.73, p <0.05). In the AA condition, the
repeated measures MANOVA failed to reveal any sig-
nificant drug x time interactions. The means and stan-
dard deviations and the associated significant levels
for the drug x time interaction on each measure of
anxiety in the AA condition are shown in Table 3.
The results were also re-analysed using trait anxiety
scores on the STAI as a covariate in both the relaxed
and anxious conditions. Subsequent repeated mea-
sures MANCOVA failed to show any significant
drug x time interactions for any of the anxiety mea-
sures. In addition no significant adverse effects were
found between the treatment conditions (i.e. L-thea-
nine or alprazolam) in comparison with placebo.

Table 2. Effects of placebo, L-theanine and alprazolam on subjective anxiety in the relaxed condition. Results are expressed as mean and
standard deviation (SD). The F and p values refer to drug x time interaction for the repeated measures MANOVA

Ancxiety Placebo L-Theanine Alprazolam Significance 7
measures
Baseline Post-drug Baseline Post-drug Baseline Post-drug
Mean (SD) Mean (SD) Mean (SD) Mean (SD)  Mean (SD)  Mean (SD)
BAI 1.19 (2.20) 1.75 (3.51) 1.81 (2.81) 1.69 (291) 1.44 (3.22) 2.19(240) F=117;p=032 0.24
STAI State  26.50 (6.92)  26.12 (6.66) 24.56 (5.56) 25.25(5.75) 26.50 (4.68) 31.50(9.23) F=4.54;p=0.03" 0.63
anxiety
VAMS
Calm 10.56 (14.49) 13.94 (12.34) 9.94 (9.20) 10.56 (10.31) 9.00 (10.30) 16.69 (14.46) F=1.49;p=0.24 0.29
Relaxed 9.06 (11.90) 16.50 (18.24) 11.62 (11.94) 12.69 (14.67) 9.69 (13.73) 17.94 (17.36) F=0.88;p=0.43 0.19
Tranquil 8.37 (7.81) 16.44 (14.71)  13.19 (12.99) 9.94 (7.06) 11.87 (15.58) 20.00 (20.80) F=4.05; p=0.03" 0.68

n=16; *p < 0.05 for alprazolam vs placebo (Greenhouse-Geisser); °p < 0.05 for L-theanine vs placebo and L-theanine vs alprazolam.

Table 3.  Effects of placebo, L-theanine and alprazolam on subjective anxiety in the AA condition. Results presented as mean and standard
deviation (SD). The F and p values refer to drug x time interaction for the repeated measures MANOVA
Anxiety Placebo L-Theanine Alprazolam Significance 772
measures
Baseline Post-drug Baseline Post-drug Baseline Post-drug
Mean (SD) Mean (SD) Mean (SD) Mean (SD)  Mean (SD)  Mean (SD)
BAI 2.00 (2.83) 1.87 (2.80) 4.13 (4.36) 1.94 (2.72)  3.00 (2.80) 2.00 (2.71) F=1.69;p=021 0.1
VAMS
Calm 1525 (17.86) 17.19 (1591) 11.31(9.74) 14.19 (13.73) 11.00 (8.58)  19.06 (15.69) F=0.87;p=0.43 0.05
Relaxed  13.62 (13.53) 18.94 (14.70) 11.37 (7.35) 15.31 (22.17) 12.81 (10.06) 17.94 (18.31) F=0.04;p=0.96 0.01
Tranquil  14.88 (14.15) 15.31 (11.08) 14.81 (13.22) 11.37 (13.20) 14.50 (12.92) 17.37(13.20) F=0.86;p=0.43 0.05
n=16.
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DISCUSSION

To our knowledge this is the first study to examine the
anxiolytic effects of L-theanine. The study examined
the acute effects of L-theanine in comparison with
the benzodiazepine, alprazolam and placebo on beha-
vioural measures of anxiety in healthy human subjects
under both a relaxed (baseline) state and during an
experimentally induced anxiety state (i.e. anticipation
of a mild electric shock). The findings provide some
evidence to support a relaxing effect of acute L-thea-
nine administration during the relaxed (baseline)
experimental state, with subjects reporting to be more
tranquil in the tranquil-troubled dimension of the
VAMS compared with placebo. In comparison, alpra-
zolam did not exert any anxiolytic effects when com-
pared with placebo on any of the measures during the
relaxed state. In addition, neither L-theanine nor alpra-
zolam demonstrated significant anxiolytic effects dur-
ing the experimentally induced anxiety state
suggesting that under conditions of increased anxiety,
neither drug had measurable anxiolytic effects.

The finding of some calming or relaxing effect of L-
theanine in the resting (baseline) state is consistent
with a previous report indicating that such effects
may correspond with increases in alpha band electro-
cortical activity in the occipital and parietal cortex (Ito
et al., 1998). Furthermore the current findings support
the historical use of green tea as a relaxing agent (for
review see; Lu et al., 2004). However, in all cases the
evidence for this effect is not strong. For example, in
our study L-theanine was only found to affect one of
the anxiety subscales (i.e. tranquil—troubled subscale
of the VAMS), while in the study of Ito et al
(1998), the measure of anxiety indexed by changes
in alpha band activity would be considered an indirect
and possibly a crude measure of the anxious state.
Surprisingly, alprazolam did not exert anxiolytic or
calming effects in the relaxed or baseline experimen-
tal condition. Paradoxically there was an increase in
subjective reports of anxiety in the STAI state anxiety
measure. While it is difficult to explain this increase in
state anxiety with alprazolam, it should be noted that
there have been inconsistencies in the literature with
regard to the effects of benzodiazepines on subjective
reports of anxiety under resting conditions. Some stu-
dies have reported an anxiolytic effect of alprazolam
(Riba et al., 2001) and also other benzodiazepines
(McNair et al., 1982; Guimaraes et al., 1989), while
other studies suggest a lack of effect of a number of
benzodiazepines (Baas et al., 2002) on state anxiety
under resting conditions. Similar discrepancies have
been noted with serotonergic anxiolytics with findings

Copyright © 2004 John Wiley & Sons, Ltd.
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suggesting that drugs that increase serotonin, enhance
conditioned fear responses while inhibiting uncondi-
tioned fear (for review see Graeff, 2002, 2003). The
differential effects of pro-serotonergic compounds
have been hypothesized to reflect region-specific
changes in the pre-frontal cortex versus the periaque-
ductal grey (Deakin and Graeff, 1991). It is possible
that benzodiazepines may also have region-specific
effects (depending on the anxiety model or state),
which could account for varying behavioural changes
in state anxiety.

An important observation in the current study was
that neither L-theanine nor alprazolam demonstrated
any effects on subjective anxiety levels under the
experimentally induced anxiety condition. While
the reason for the lack of effect of L-theanine during
the experimentally induced anxiety condition (in com-
parison with the mild anxiolytic effects reported under
resting conditions) is not known, it is likely that the
intensity of anxiety was too strong in the experimental
anxiety condition, leading to an ineffective anxiolytic
effect. In addition, given that L-theanine only demon-
strated weak anxiolytic effects on the resting (base-
line) state, it is not surprising that no anxiolytic
effects were observed under conditions of increased
anxiety. The absence of an anxiolytic effect of alpra-
zolam is consistent with a number of studies, which
fail to show an anxiolytic effect of benzodiazepines
during experimentally induced anxiety (for review
see; Graeff, 2003). For example, a number of benzo-
diazepines have been shown to have no effects on self-
reported anxiety in the stimulated public speaking
model (Graeff et al., 1985; McNair et al., 1982), and
the Stroop colour-word test (Tulen et al., 1991). How-
ever, it should be noted that the latter studies, includ-
ing our current study used behavioural (subjective)
measures of anxiety and a growing body of research
suggests that benzodiazepines may demonstrate
anxiolytic effects when measured objectively using
physiological measures (i.e. skin conductance, startle
response, brain electrical activity). For example, a
number of studies have suggested that benzodiaze-
pines including alprazolam could inhibit the fear,
darkness or context potentiated startle response
(Patrick et al., 1996; Bitsios et al., 1999; Riba et al.,
2001) and benzodiazepines have been shown to be
sensitive in a model of aversive conditioning of the
skin conductance responses to tones (Hellewell
etal., 1999). Similarly, our recent findings using SSPT
suggests that the electrophysiological responses in the
frontal and temporal cortex during anticipatory anxi-
ety are attenuated with a number of anxiolytics
including alprazolam following acute administration

Hum Psychopharmacol Clin Exp 2004; 19: 457-465.
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(Gray et al., 2002). These findings suggest that while
subjective measures may not be sensitive in detecting
drug induced anxiolytic effects, the effects of L-thea-
nine and alprazolam may be observed or detected in
models of anxiety incorporating objective physiologi-
cal measures of anxiety such as startle, skin conduc-
tance response or electrophysiological imaging. This
is not surprising given that the neural networks/
circuits involved in the physiological measures
(i.e. startle) may be modulated differentially by neuro-
chemicals compared with networks involved with
subjective self reports. For example, the startle
response originates from structures located in the
brain stem and is modulated by descending pathways
(Davis, 1984), while subjective changes during antici-
patory anxiety are thought to involve a neuroanatomi-
cal circuitry that includes the prefrontal, anterior
temporal and occipital cortex and the insula (Chua
et al., 1999; Gray et al., 2003). Alternatively, anxioly-
tic effects may be observed in pharmacological
models of anxiety, such as the CCK-4 induced panic
model in which benzodiazepines, including alprazo-
lam have been shown to reduce CCK-4 induced panic
(de Montigny, 1989; Zwanzger et al., 2003a). The lat-
ter findings may also be related to specific modulation
of neural networks (within the neocortical and limbic
areas, which have been shown to co-localize both
CCK and GABA) (Somogyi et al., 1984).

Previous studies have suggested that the effects of
anxiolytics may depend on the trait anxiety level of
subjects. Alprazolam has been shown to exert a
greater anxiolytic effect in subjects with high trait
anxiety compared with low trait anxiety in the Stroop
colour-word test (Nakano et al., 1978). Similarly, L-
theanine has been shown to have greater effects with
regard to the generation of « activity in a high anxiety
group compared with the low anxiety group (Ito et al.,
1998). It is unlikely that trait anxiety influenced the
findings of the current study, as a separated analysis
with trait anxiety as a covariate also showed that
neither L-theanine nor alprazolam demonstrated any
anxiolytic effects.

It is likely that the lack of effect of both L-theanine
and alprazolam may be related to drug dose and treat-
ment duration. Alprazolam has been shown to exert
dose related effects in a number of human models of
anxiety including the simulated public speaking
model (McNair et al., 1982) and the fear potentiated
startle model (Patrick et al., 1996). Furthermore, the
panic induced by CCK-4 was only partially attenuated
by the acute dose of alprazolam (Zwanzger et al.,
2003a) suggesting that a more prolonged dosing
may be necessary for optimal pharmacological
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effects. This is supported by the clinical studies that
demonstrate anxiolytic effects of alprazolam in anxi-
ety disorders (including generalized anxiety disorder
and panic disorder) only following chronic adminis-
tration (Laakmann et al., 1998; Lydiard et al., 1997;
Sheikh and Swales, 1999). Hence one cannot rule
out a possible anxiolytic effect of both L-theanine
and alprazolam in the anticipatory anxiety model,
with higher doses or following chronic administration.

In summary, the findings of the current study sug-
gest that under conditions of experimentally induced
anticipatory anxiety, neither L-theanine nor alprazo-
lam had any acute anxiolytic effects in healthy sub-
jects as measured by behavioural measures of
anxiety. However, there was some evidence for a
calming or relaxing effect of L-theanine under resting
conditions providing some support for the historical
use of green tea as a relaxing agent. Further studies
are warranted to examine the effects of L-theanine in
comparison with alprazolam using objective physiolo-
gical measures of anxiety. In addition, dose response
studies or chronic dosage studies are required to
further examine the possible efficacy of L-theanine
as an anxiolytic.

REFERENCES

American Psychiatric Association. 1994. Diagnostic and Statistical
Manual of Mental Disorders, 4th edn. American Psychiatric
Association: Washington, DC.

Baas JM, Grillon C, Brocker KBE, et al. 2002. Benzodiazepines
have no effect on fear-potentiated startle in humans. Psychophar-
macology (Berl) 161: 233-247.

Barlow DH, Chorpita BE, Turovsky J. 1996. Fear, panic, anxiety,
and disorders of emotion. Nebraska Symp Motiv 43: 251-328.
Beck AT, Steer RA. 1987. Beck Anxiety Inventory: Manual. The

Psychological Corporation: San Antonio, TX.

Beck AT, Steer RA, Brown GK. 1996. Manual for Beck Depression
Inventory-II. The Psychological Corporation: San Antonio, TX.

Bellodi L, Perna G, Caldirola D, Arancio C, Bertani A, Di Bella D.
1998. CO,-induced panic attacks: a twin study. Am J Psychiatry
155: 1184-1188.

Benkelfat C, Bradwejn J, Meyer E, Ellenbogen M, Milot S. 1995.
Functional neuroanatomy of CCK4-induced anxiety in normal
healthy volunteers. Am J Psychiatry 152: 1180-1184.

Bitsios P, Philpott A, Langley RW, Bradshaw CM, Szabadi E. 1999.
Comparison of the effects of diazepam on the fear-potentiated
startle reflex and the fear-inhibited light reflex in man. J Psycho-
pharmacol 13: 226-234.

Bond A, Lader M. 1974. The use of analogue scales in rating sub-
jective feelings. Br J Med Psychol 80: 1-46.

Boshuisen ML, Ter Horst GJ, Paans AM, Reinders AA, den Boer
JA. 2002. rCBF differences between panic disorder patients
and control subjects during anticipatory anxiety and rest. Biol
Psychiatry 52: 126-135.

Bradwejn J, Koszycki D, Paradis M, Reece P, Hinton J, Sedman A.
1995. Effect of CI-988 on cholecystokinin tetrapeptide-induced
panic symptoms in healthy volunteers. Biol Psychiatry 38:
742-746.

Hum Psychopharmacol Clin Exp 2004; 19: 457-465.



464

Casimir J, Jadot J, Renard M. 1960. Separation and characterisation
of N-ethyl-6-glutamine in Xerocomus badius (Boletus ladius).
Biochem Biophys Acta 39: 462—468.

Charney DS. 2003. Neuroanatomical circuits modulating fear and
anxiety behaviors. Acta Psychiatr Scand 108(Suppl. 417): 38-50.

Chua P, Kram M, Toni I, Passingham R, Dolan R. 1999. A func-
tional anatomy of anticipatory anxiety. Neuroimage 9: 563-571.

Davis M. 1984. The mammalian startle response. In Neural
Mechanisms of Startle Behaviour, Eaton RC (ed.). Plenum Press:
New York; 287-351.

de Montigny C. 1989. Cholecystokinin tetrapeptide induces panic
like attacks in healthy volunteers. Preliminary findings. Arch
Gen Psychiat 46: 511-517.

Deakin JFW, Graeff FB. 1991. 5-HT and mechanisms of defense.
J Psychopharmacol 5: 305-315.

Fawcett JA, Kravitz HM. 1982. Alprazolam: pharmacokinetics,
clinical efficacy, and mechanism of action. Pharmacotherapy
2: 243-254.

Graeff FG. 2002. On serotonin and experimental anxiety. Psycho-
pharmacology 157: 256-262.

Graeff FG. 2003. Pharmacology of human experimental anxiety.
Braz J Med Biol Res 36: 421-432.

Graeff FG, Zuardi AW, Giglio JS, Lima Filho EC, Karniol IG. 1985.
Effect of metergoline on human anxiety. Psychopharmacology
86: 334-338.

Gray M, Kemp AH, Silberstein RB, Nathan PJ. 2002. Neurophysiol-
ogy and psychopharmacology of anticipatory anxiety. Program
No. 472.4. 2002 Abstract Viewer/Itinerary Planner. Society for
Neuroscience: Washington, DC.

Gray MA, Kemp AH, Silberstein RB, Nathan PJ. 2003. Cortical
neurophysiology of anticipatory anxiety: an investigation utiliz-
ing steady state probe topography (SSPT). Neuroimage 20: 975—
986.

Grillon C, Ameli R. 2001. Conditioned inhibition of fear-poten-
tiated startle and skin conductance in humans. Psychopharmacol-
ogy 38: 807-815.

Grillon C, Ameli R, Foot M, Davis M. 1993a. Fear-potentiated star-
tle: relationship to the level of state/trait anxiety in healthy sub-
jects. Biol Psychiatry 33: 566-574.

Grillon C, Ameli R, Merikangas K, Woods SW, Davis M. 1993b.
Measuring the time course of anticipatory anxiety using the
fear-potentiated startle reflex. Psychophysiology 30: 340-346.

Grillon C, Ameli R, Woods SW, Merikangas K, Davis M. 1991.
Fear-potentiated startle in humans: effects of anticipatory anxiety
on the acoustic blink reflex. Psychophysiology 26: 588—594.

Guimaraes FS, Kohem CL, Gus G, et al. 1989. A simple simulated
public speaking test for evaluating anxiolytic drugs. Braz J Med
Biol Res 22: 1083-1089.

Hellewell JS, Guimaraes FS, Wang M, Deakin JF. 1999. Comparison
of buspirone with diazepam and fluvoxamine on aversive classical
conditioning in humans. J Psychopharmacol 13: 122-127.

Hetem LA, De Souza CJ, Guimaraes AW, Graeff FG. 1996. Effect
of D-fenfluramine on human experimental anxiety. Psychophar-
macology 127: 276-282.

Ito K, Nagato Y, Aoi N, et al. 1998. Effects of L-theanine on the
release of alpha-brain waves in human volunteers. Nippon Nogei-
kagaku Kaishi 72: 153-157.

Javanmard M, Shlik J, Kennedy SH, Vaccarino FJ, Houle S, Brad-
wejn J. 1999. Neuroanatomic correlates of CCK-4-induced panic
attacks in healthy humans: a comparison of two time points. Biol
Psychiatry 45: 872-882.

Juneja LR, Chu D, Okubo T, Nagato Y, Yokogoshi H. 1999. L-Thea-
nine, a unique amino acid of green tea and its relaxation effect in
humans. Trends Food Sci Technol 10: 199-204.

Copyright © 2004 John Wiley & Sons, Ltd.

K. LU ETAL.

Kakuda T. 2002. Neuroprotective effects of the green tea
compounds theanine and catechins. Biol Pharm Bull 25: 1513—
1518.

Kakuda T, Yanase H, Utsunomiya K, Nozawa A, Unno T, Kataoka
K. 2000. Protective effect of d-glutamylethylamide (theanine) on
ischemic delayed neural death in gerbils. Neurosci Lett 289: 189—
192.

Kent JM, Mathew SJ, Gorman JM. 2002. Molecular targets in the
treatment of anxiety. Biol Psychiatry 52: 1008-1030.

Kimura R, Murata T. 1971. Influence of alkylamides of glutamic
acid and related compounds on the central nervous system I. Cen-
tral depressant effect of theanine. Chem Pharm Bull 19: 1257-
1261.

Laakmann G, Schule C, Lorkowski G, Baghai T, Kuhn K,
Ehrentraut S. 1998. Buspirone and lorazepam in the treatment
of generalized anxiety disorder in outpatients. Psychopharma-
cology 136: 357-366.

Leite JR, Seabra M de L, Sartori VA, Andreatini R. 1999. The video
recorded Stroop colour-word test as a new model of experimen-
tally induced anxiety. Prog Neuropsychopharmacol Biol Psy-
chiatry 23: 809-822.

Lu K, Gray M, Oliver C, Nathan PJ. 2004. The neuropharmacology
of L-theanine. J Herbal Pharmacotherapy. (in press).

Lydiard RB, Ballenger JC, Rickels K. 1997. A double-blind evalua-
tion of the safety and efficacy of abecarnil, alprazolam, and pla-
cebo in outpatients with generalized anxiety disorder. Abecarnil
Work Group. J Clin Psychiatry 58(Suppl.): 11-18.

McNair DM, Frankenthaler LM, Czerlinsky T, White TW, Sasson S,
Fisher S. 1982. Simulated public speaking as a model of clinical
anxiety. Psychopharmacology 77: 7-10.

Millan MJ. 2003. The neurobiology and control of anxious states.
Prog Neurobiol 70: 83-244.

Nakano S, Gillespie HK, Hollister LE. 1978. A model for evaluation
of antianxiety drugs with the use of experimentally induced
stress: comparison of nabilone and diazepam. Clin Pharmacol
Ther 23: 54-62.

Palma SM, Guimaraes FS, Zuardi AW. 1994. Anxiety induced by
simulated public speaking and stroop colour word test in healthy
subjects: effects of different trait-anxiety levels. Braz J Med Biol
Res 27: 2895-2902.

Patrick CJ, Berthot BD, Moore JD. 1996. Diazepam blocks fear-
potentiated startle in humans. J Abnorm Psychol 105: 89-96.
Ponto LL, Kathol RG, Kettelkamp R, et al. 2002. Global cerebral
blood flow after CO, inhalation in normal subjects and patients
with panic disorder determined with ['°0] water and PET.

J Anxiety Disord 16: 247-258.

Reiman EM, Fusselman MJ, Fox PT, Raichle ME. 1989. Neuroana-
tomical correlates of anticipatory anxiety. Science 243: 1071-
1074.

Riba J, Rodriguez-Fornells A, Urbano G, Monte A, Antonijoan R,
Barbanoj MJ. 2001. Differential effects of alprazolam on the
baseline and fear-potentiated startle reflex in humans: a dose-
response study. Psychopharmacology 157: 358-367.

Sadzuka Y, Sugiyama T, Suzuki T, Sonobe T. 2001. Enhancement of
the activity of doxorubicin by inhibition of glutamate transporter.
Toxicol Lett 123: 159-167.

Sakato Y. 1949. The chemical constituents of tea; IIl. A new amide
theanine. Nippon Nogeikagaku Kaishi 23: 262-267.

Sheikh JI, Swales PJ. 1999. Treatment of panic disorder in older
adults: a pilot study comparison of alprazolam, imipramine and
placebo. Int J Psychiatry Med 29: 91-95.

Silva M, Hetem LB, Guimaraes FS, Graeff FG. 2001. Opposite
effects of nefazodone in two human models of anxiety. Psycho-
pharmacology (Berl) 156: 454—460.

Hum Psychopharmacol Clin Exp 2004; 19: 457-465.



L-THEANINE IN ANTICIPATORY ANXIETY

Simpson JR, Drevets WC, Snyder AZ, et al. 2001. Emotion-induced
changes in human medial prefrontal cortex: II. During anticipa-
tory anxiety. PNAS 98: 688—693.

Somogyi P, Hodgson AJ, Smith AD, Nunzi MG, Gorio A, Wu JY.
1984. Different populations of GABA-ergic neurons in the visual
cortex and hippocampus of cat contain somatostatin or cholecys-
tokinin-immunoreactive material. J Neurosci 4: 2590-2603.

Spielberger CD, Gorsuch RL, Lushene RE. 1970. Manual for the
State-Trait Anxiety Inventory. Consulting Psychologist Press:
Palo Alto, CA.

Stewart R, Devous MD, Rush AJ, et al. 1988. Cerebral blood flow
changes during sodium lactate induced panic attacks. Am J Psy-
chiatry 145: 442-449.

Terashima T, Takido J, Yokogoshi H. 1999. Time-dependent
changes of amino acids in the serum, liver, brain and urine of rats
administered with theanine. Biosci Biotech Biochem 63: 615—
618.

Tillfors M, Furmark T, Marteinsdottir I, Fredrikson M. 2002. Cere-
bral blood flow during anticipatory of public speaking in social
phobia: a PET study. Biol Psychiatry 52: 1113-1119.

Tulen JH, Moleman P, Boomsma F, van Steenis HG, van den Heuij
V. 1991. Dose-dependent effects of intravenous lorazepam on
cardiovascular activity, plasma catecholamines and psychologi-

Copyright © 2004 John Wiley & Sons, Ltd.

465

cal function during rest and mental stress. Psychopharmacology
105: 77-83.

Yokogoshi H, Kobayashi M, Mochizuki M, Terashima T. 1998a.
Effect of theanine, r-glutamylethylamide, on brain monoamines
and striatal dopamine release in conscious rats. Neurochem Res
23: 667-673.

Yokogoshi H, Mochizuki M, Saitoh K. 1998b. Theanine-induced
reduction of brain serotonin concentration in rats. Biosci Biotech
Biochem 62: 816-817.

Zedkova L, Coupland NJ, Man GC, Dinsa G, Sanghera G. 2003.
Panic-related responses to pentagastrin, flumazenil, and thyrotro-
pin-releasing hormone in healthy volunteers. Depress Anxiety 17:
78-87.

Zuardi AW, Cosme RA, Graeff FG, Duimaraes FS. 1993. Effects of
ipsapirone and cannabidiol on human experimental anxiety. J
Psychopharmacol 7: 82—-88.

Zwanzger P, Eser D, Aicher S, et al. 2003a. Effects of alprazolam on
cholecystokinin-tetrapeptide (CCK-4) induced panic and
hypothalamic-pituitary-adrenal-axis activity: a placebo-con-
trolled study. Neuropsychopharmacology 28: 979-984.

Zwanzger P, Jarry H, Eser D, et al. 2003b. Plasma gamma-amino-
butyric-acid (GABA) levels in cholecystokinin-tetrapeptide
(CCK-4) induced anxiety. J Neural Transm 110: 313-316.

Hum Psychopharmacol Clin Exp 2004; 19: 457-465.



