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Abstract

We demonstrated the effects of short- and long-term administration of cacao mass on anxiety in the elevated T-maze test, which is an
animal model of anxiety. In the first study, we administered cacao mass (100 mg/100 g body weight) per os and immediately performed the
elevated T-maze test. Short-term cacao mass significantly abolished delayed avoidance latency compared with the control but did not change
escape latency. This result suggested that cacao mass administration reduced conditional fear-relating behavior. Short-term cacao mass
administration did not affect the concentration of brain monoamines, emotion-related neurotransmitters such as norepinephrine, serotonin and
dopamine, in the rat brain. In the next study, we fed a cacao mass-containing diet to rats for 2 weeks and performed the elevated T-maze test.
Contrary to short-term administration, chronic consumption of cacao mass tended to increase avoidance latency and did not change escape
latency. Brain serotonin concentration and its turnover were enhanced by chronic consumption of cacao mass. These results suggested that
chronic consumption of cacao did not affect fear-related behavior but was involved in brain monoamine metabolism. In conclusion, we
suggest that short-term cacao mass consumption showed an anxiolytic effect but chronic consumption did not.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction

Anxiety disorders in modern society have a relatively high
prevalence and are becoming a serious problem. Currently, the
most widely prescribed medications for anxiety disorders are
benzodiazepines; however, their clinical use is limited by their
side effects, such as psychomotor impairment, potentiation of
other central depression drugs, and dependence liability.
Therefore, we considered that daily precautions against
anxiety disorders are important and suggest that dietary
nutrients are a good source to maintain equilibrium. Recent
studies suggest that various nutrients affect the mind of
mammals; administration of caffeine [1], succinic acids [2]
and dietary soy phytoestrogens [3] improved anxiety in rats.
Dietary amino acid imbalance is also involved in emotion [4].
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Various active ingredients in food and drink have been
identified as effective constituents for improving mood [5]. In
this study, we examined acute and chronic effects of cacao
mass, the raw material of chocolate and cocoa, on anxiety in a
rat study.

Anxiety is a heterogeneous phenomenon including,
among others, panic disorder (PD), obsessive-compulsive
disorder (OCD), phobias, generalized anxiety disorder
(GAD) and posttraumatic stress disorder [6]. These disorders
are caused by conditional or unconditional fear. Various
behavioral tests are used for anxiety and depressive
conditions, and some reports have shown good correlation
between the clinical efficacy of benzodiazepine anxiolytics
in alleviating GAD and decreased indexes of fear/anxiety
measured in conflict tests [7], the elevated plus-maze [8] and
the social interaction test [9]; however, these behavioral tests
could not differentiate conditional and unconditional fear.
The elevated plus-maze test apparatus comprised two open
arms and two closed arms and was elevated 70 cm above the
floor. To estimate anxiety behaviors, the number of entries
and time spend in the open and closed arms were measured;
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however, recent studies have suggested that the elevated
plus-maze could not differentiate conditional and uncondi-
tional fear and could not estimate the anxiety-related
behavior of animals accurately; thus, we performed the
elevated T-maze test in this study. Based on the assumption
that conditional fear is related to GAD, and unconditional,
fear to PD, a new animal model of anxiety aimed at
separating these two types of fear in the same rat has been
developed [6,10]. This test, named the elevated T-maze, was
derived from the elevated plus-maze [11] by sealing the
entrance to one of the enclosed arms. In the experimental
session, conditional fear is represented by inhibitory avoid-
ance of the open arms of the maze and unconditional fear by
one-way escape from one of the open arms.

With anxiety, various brain neurotransmitters and
hormones levels change immediately. In particular, mono-
amines, such as norepinephrine, serotonin and dopamine,
are involved in mood, stress and other physical homeostasis
[12]. Serotonin and norepinephrine mainly regulate stress
and negative mood in the mammalian brain, and their
dysfunctions cause various mood disorders, such as social
anxiety disorder and depression [13,14]. Dopamine also
regulates mood and emotion-related behaviors and has a
motivation/reward function and conditional fear responses
[15,16]. Various anxiolytics and antidepressants aim at
monoamine neurocircuitry, such as their receptors and
transporters [17,18]. In addition, it has been observed that
changes in brain monoamine concentrations are closely
linked to the behavior of rodents in animal studies;
therefore, some researchers measure brain monoamine
concentrations in rat behavioral studies and use them as
an index of emotion [19,20].

In this study, we performed the elevated T-maze test,
measured brain monoamine concentration and estimated the
acute and chronic effects of cacao mass consumption on
anxiety in rats.
able 1
omposition of experimental diets

Control diet Cacao mass diet

ellulose 5 5
asein 20 20
orn oil 5 5
holine-Cl 0.3 0.3
itamins 1 1
inerals 3.5 3.5
ucrose 21.73 21.23
tarch 43.47 42.97
acao mass 0 1
otal 100 (%) 100 (%)
2. Materials and methods

2.1. Animals

Eleven-week-old male Wistar strain rats (270 g weight;
SLC, Shizuoka, Japan) were kept in groups of three rats in
a temperature- and humidity-controlled room (24°C and
55% relative humidity) under regular lightning conditions
(12-h light:dark cycle). Rats were separated into 13 groups.
Two cacao mass-fed groups, two control groups and a
diazepam-injected group were included in the elevated
T-maze test (n=12 in each group), and two cacao mass-fed
groups and two control groups were used for the open field
test (n=8 in each group). Four more groups (n=6–8) were
used to measure brain neurotransmitter concentrations.
Cacao mass powder was purchased from Ezaki Glico
(Osaka, Japan). Diazepam was purchased from Sigma-
Aldrich (Tokyo, Japan). In the short-term administration
study, cacao mass [100 mg/100 g body weight (B.W.)] with
saline or saline (control) was administered to rats per os
and a typical anxiolytic, diazepam (0.1 mg/100 g B.W.),
was injected intraperitoneally (i.p.) into rats 30 min before
a behavioral test. In the chronic administration study, rats
were given a 1% cacao mass-containing diet, and control
group rats were given a control diet for 2 weeks. The
experimental diet compositions are shown in Table 1. The
test diets were prepared according to American Institute of
Nutrition (AIN)-76, which refers to the guidelines of the
AIN. Cellulose, casein, sucrose and starch were purchased
from Oriental Yeast (Tokyo, Japan). Corn oil was
purchased from Honen (Tokyo, Japan). Choline-Cl was
purchased from Wako Pure Chemical (Tokyo, Japan). AIN-
76 mineral mix and AIN-76 vitamin mix were purchased
from Nihon Nosan Kogyo (Yokohama, Japan). This
experiment was carried out in accordance with the Guide-
lines for the Care and Use of Laboratory Animals of the
University of Shizuoka that refer to the American
Association for Laboratory Animal Science.

2.2. Elevated T-maze test

The elevated T-maze device was made with reference to
the methods of Teixeira et al. [6]. It was made of wood and
had three arms of equal dimensions (50×9 cm). One arm,
enclosed by clear plastic walls 40 cm high, was
perpendicular to the two opposing open arms. To avoid
falling, the open arms were surrounded by a 1-cm-high
wood rim. The whole apparatus was elevated 70 cm above
the floor (Fig. 1).

The animals were not handled until the test. All animals
underwent pre-exposure to the closed arm, and unmoving rats
were excluded 24 h before the test in the short-term cacao
mass consumption study and 24 h before starting to feed the
experimental diet in the chronic consumption study [21].

For the 2 min preceding the experiment, each animal was
placed inside a plastic cage (28×18 cm), to which it had been
habituated. The rat was then removed from the cage and
placed at the distal end of the enclosed arm facing the
intersection of the arms. The time taken by the rat to leave
this arm with its four paws was recorded (Avoidance 1). The
same measurement was repeated three times at 30-s intervals
(Avoidance 2 and 3). Following the avoidance test (after a
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Fig. 1. Behavioral test apparatus. (A) Elevated T-maze: Each arm was
50×9 cm. The plastic wall was 40 cm tall. The whole apparatus was elevated
70 cm above the floor. (B) Open field box: the box was 70×70×70 cm tall.

Fig. 2. Effects of short-term cacao mass and diazepam administration (acute
effect) on avoidance latency (A) and escape latency (B) in the elevated
T-maze test. Rats were i.p. administered cacao mass (100 mg/100g B.W.)
(n=12), saline (control, n=12) per os, or diazepam (0.1 mg/100g B.W.)
(n=12) 30 min before the test. Values are the means±S.E.M. *Significantly
different from the control group (Pb .05).
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30-s interval), the rat was placed at the end of the open arm
and the time taken to enter the enclosed arm with the four
paws was recorded (Escape 1). The same measurement was
repeated after 30 s (Escape 2). During the 30-s intervals
between trials, the animals were placed in the plastic cage.

2.3. Open field test

Motor activities of rats were measured by the open field
test. The open field box was purchased from MUROMA-
CHI KIKAI (Tokyo, Japan) and was 70×70×70 cm in
height (Fig. 1). Animals were not handled until the test.
The rat was placed in the open field box for 6 min, and its
behavior was recorded by a DV-Track video tracking
system, CompACT VAS/DV (MUROMACHI KIKAI).

2.4. Neurotransmitter concentration in the brain tissue

Neurotransmitter concentration was measured by the
method of Okuyama et al. [22].
Short- and long-term cacao mass-administered rat brains
were extirpated after the elevated T-maze and without any
behavioral test.

Wet brain tissue was homogenized in two times the volume
of 0.2 M perchloric acid buffer (pH 2) and kept on ice for
1 hour. Homogenates were centrifuged at 20,000 rpm for
15 min at 0°C and then filtered through a 0.45-μm cellulose
acetate membrane filter. Neurotransmitters were detected by
high-performance liquid chromatography (HPLC) under the
following conditions: the mobile phase was 0.1 M sodium
acetate citric acid buffer and 15%methanol containing EDTA-
2Na and 1-octanesulfonic acid sodium salt. The HPLC system
was equipped with a reversed-phase column (MA-5ODS,
4.6×150mm: EICOM, Kyoto, Japan) and an electrochemical
detector (ED623: GLSCIENCE, Tokyo, Japan). Recording of
chromatograms and all calculations were performed using an
integrator (BORWIN: NIHONBUNKOH, Tokyo, Japan). We
measured norepinephrine (NE), serotonin (5-HT), dopamine
(DA) and metabolites 5-hydroxyindole-3-methoxyphenylace-
tic acid (5-HIAA), 3,4-dihydroxyphenylacetic acid (DOPAC),
homovanillic acid (HVA) and 3-methoxytryramine. All
chemicals used in the measurements were purchased from
Wako Pure Chemical.



Fig. 3. Effects of short-term cacao mass administration (acute effect) on the
locomotor activity of rats in the open field test. Rats were administrated
cacao mass (100 mg/100g B.W.) (n=12), or saline (control, n=12) per os
30 min before the test. Values are the means±S.E.M. *Significantly different
from the control group (Pb .05).
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2.5. Statistical analysis

Neurotransmitter concentration was measured by the
method of Okuyama et al. [23]. Data for individual groups
are expressed as the mean, and one-way analysis of variance
was performed for statistical analysis. Student's t test was
used to assess differences between the control group and
cacao mass-fed group. The Tukey-Kramer test was used to
assess differences between the three groups (control,
diazepam and cacao mass). In all cases, Pb.05 was considered
significant. Results are expressed as the mean±S.E.M.
ig. 4. Daily food intake of cacao mass-containing diet (A) and the effect of
-week cacao mass intake on body weight (B). Rats were fed cacao mass diet
=12), or control diet (n=12) for 2 weeks.
3. Results

3.1. Effect of short-term cacao mass administration on
anxiety

In the avoidance test, diazepam administration (0.1 mg/
100 g B.W.) significantly abolished delayed avoidance
latency in the three trials. In the escape test, diazepam
administration did not affect escape latency significantly,
but it tended to be delayed (Fig. 2). Cacao mass
administration (100 mg/100 g B.W.) reduced delayed
avoidance latency markedly but did not affect escape
latency (Fig. 2).

In the open field test, cacao mass administration did not
affect locomotor activity (Fig. 3).
3.2. Effect of long-term cacao mass consumption on anxiety

Two-week cacao mass diet (containing 1% cacao mass)
consumption did not affect daily food intake and the body
weight of rats compared with control rats (Fig. 4). The
average amount of daily cacao mass intake was approxi-
mately 250 mg. In the avoidance test, long-term cacao mass
consumption did not abolish delayed avoidance latency in
the three trials, and contrary to the result of short-term
administration, chronic consumption tended to delay avoid-
ance latency. In the escape test, cacao mass consumption did
not affect escape latency (Fig. 5).

In the open field test, long-term cacao mass consumption
did not affect the total locomotion distance of rats but tended
to increase the distance compared with the control group
(Fig. 6).

3.3. Effect of short- and long-term cacao mass consumption
on brain neurotransmitter concentration

We examined the effect of short- and long-term cacao
mass consumption on neurotransmitter concentration after
the elevated T-maze test (Tables 2 and 3; shown as “T-acute”
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Fig. 5. Effects of long-term cacao mass consumption (chronic effect) on
avoidance latency (A) and escape latency (B) in the elevated T-maze test.
Rats were fed cacao mass diet (n=12), or control diet (n=12) for two weeks.
Values are the means±S.E.M. *Significantly different from the control group
(Pb .05).

952 T. Yamada et al. / Journal of Nutritional Biochemistry 20 (2009) 948–955
or “T-chronic”) and without (before) the elevated T-maze test
(Tables 2 and 3; shown as “acute” or “chronic”). Short-term
cacao mass administration did not significantly affect brain
norepinephrine, dopamine, serotonin and metabolite con-
centrations in several regions before the elevated T-maze test
(Table 2). Long-term cacao mass consumption increased
5-HT concentration in the brain striatum and amygdala and
increased 5-HIAA concentration in the striatum. After the
elevated T-maze test, 5-HIAA concentration was increased
in the cerebral cortex, hippocampus and amygdala. Seroto-
nin turnover (5-HIAA/5-HT) was accelerated significantly
by long-term cacao mass consumption in the hippocampus
and tended to be promoted (Pb.1) in the cerebral cortex.
Long-term cacao mass consumption did not affect norepi-
nephrine, dopamine and its metabolite concentrations in
several regions (Table 3).
ig. 6. Effects of long-term cacao mass consumption (chronic effect) on the
comotor activity of rats in the open field test. Rats were fed cacao mass diet
=12), or control diet (n=12) for 2 weeks. Values are the means±SEM. *,
ignificantly different from the control group (Pb .05).
4. Discussion

Using the elevated T-maze test, composed of an
avoidance test and escape test, we estimated the effect of
cacao mass consumption on anxiety. The avoidance test
evaluated conditional fear, and it was judged that shorter
avoidance latency was more relieved than conditional fear.
The escape test evaluated unconditional fear, and it was
judged that longer escape latency was more relieved than
unconditional fear [6]. Diazepam administration reduced
delayed avoidance latency significantly and tended to delay
escape latency in this study, consistent with a previous report
[24]. Short-term cacao mass (100 mg/100 g B.W.) admin-
istration abolished delayed avoidance latency, but did not
affect escape latency. On the other hand, it was considered
that locomotor activity of rats influenced the evaluation of
emotion-related behavior and the locomotor activity of
animals was measured in emotion-related behavioral studies
[25]. Thus, we examined the locomotor activity of cacao
mass-administrated rats by the open field test and showed
that cacao mass administration did not change the locomotor
activity of rats. These results showed a particular effect on
conditional fear without a change in locomotor activity. In
the next study, we examined the chronic effects of cacao
mass on anxiety in the same test. Chocolate contains
approximately 30–60% cacao mass. We fed a cacao mass
diet (containing 1% cacao mass) to rats for 2 weeks and
performed the elevated T-maze test. The rats were fed
approximately 250 mg cacao mass in a day, and the quantity
was similar with that administered in the study that measured
the acute effect. In contrast to short-term administration,
chronic cacao mass consumption did not significantly affect
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Table 2
Effects of short-term cacao administration (acute effect) on monoamine concentrations and their turnover rates in the rat brain

NE 5-HT 5-HlAA DA DOPAC HVA 3MT 5-HlAA/
5-HT

DOPAC/
DA

HVA/
DA

Hypothalamus Acute Control 6.61 ±0.32 3.96±0.09 1.64±0.09 2.58±0.58 0.40±0.11 0.42±0.03
Cacao 6.97±0.26 3.86±0.10 1.63±0.10 1.85±0.09 0.27±0.03 0.42±0.03

T-acute Control 13.45±±0.58 3.95±0.19 2.07±0.13 3.01±0.19 0.35±0.03 0.52±0.02
Cacao 12.46±0.27 3.75±0.08 1.90±0.09 2.89±0.07 0.30±0.02 0.51±0.02

Cerebral
Cortex

Acute Control 1.31±0.07 1.39±0.07 0.65±0.02 0.22±±0.01 0.03±0.01 0.48±0.04
Cacao 1.20±0.05 1.39±0.05 0.62±0.03 0.21±0.01 0.04±0.00 0.44±0.02

T-acute Control 1.36±0.03 0.78±0.02 0.64±0.02 0.20±0.02 0.04±±0.00 0.06±0.00 0.82±0.03
Cacao 1.39±0.03 0.77±0.02 0.60±0.01 0.18±0.01 0.04±0.00 0.06±0.00 0.79±0.03

Hippocampus Acute Control 194±0.13 2.63±0.12 1.73±0.07 0.28±0.01 0.03±0.00 0.66±0.04
Cacao 194±0.10 2.62±0.15 1.59±0.05 0.26±0.01 0.04±0.00 0.62±0.05

T-acute Control 4.16±0.06 2.52±0.06 2.49±0.07 0.49±0.05 0.07±0.02 0.08±0.02 0.99±0.03
Cacao 4.17±0.12 2.46±0.05 2.47±0.07 0.42±0.02 0.05±0.01 0.09±0.02 1.00±0.03

Striatum Acute Control 2.57±0.10 2.60±0.14 1.87±0.14 52.88±1.48 7.92±0.83 3.79±0.28 1.84±0.08 0.72±0.03 0.15±0.02 0.07±0.01
Cacao 2.40±0.05 2.55±0.13 1.82±0.09 54.04±1.70 7.78±0.75 3.64±0.12 1.77±0.04 0.72±0.03 0.15±0.02 0.07±0.00

T-acute Control 2.61±0.07 2.64±0.09 45.22±1.45 9.84±0.54 4.45±0.15 1.97±0.07 1.01±0.02 0.21±0.001 0.01±0.00
Cacao 2.48±0.09 2.59±0.06 43.27±1.54 8.82±0.45 4.08±0.10# 1.87±0.05 1.05±0.03 0.21±0.001 0.01±0.00

Amygdala Acute Control 1.70±0.06 4.30±0.25 1.56±0.05 1.08±0.03 0.15±0.02 0.37±0.03
Cacao 1.62±0.06 4.34±0.21 1.51±0.06 1.15±0.06 0.16±0.02 0.35±0.03

T-acute Control 3.24±0.11 4.26±0.17 2.24±0.06 1.33±0.07 0.16±0.03 0.70±0.06 7.38±1.18 0.53±0.02
Cacao 3.23±0.07 4.28±0.18 2.16±0.07 1.58±0.18 0.18±0.05 0.60±0.04 8.68±1.07 0.52±0.03

Acute indicates rats administered cacao mass (100 mg/100g B.W.) or saline (n=6); T-acute, rats administered cacao mass (100 mg/100g B.W.) or saline and
exposed to elevated T-maze test (n=12). Values are the means±S.E.M. #Pb .1, *Pb.05, **Pb .01, significantly different from the control group.
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either avoidance or escape latencies and tended to delay
avoidance latency compared with the control. We expected
that the different results occurred because of (i) differences in
cacao mass component concentrations in the rat blood
between short- and long-term cacao mass consumption when
the behavioral test was performed and (ii) change in the
effect of cacao mass because of sequential chronic adminis-
tration. It was shown that chronic excess monoamine
Table 3
Effect of long-term cacao mass consumption (chronic effect) on monoamine conc

NE 5-HT 5-HlAA DA

Hypothalamus Chronic Control 8.38±0.21 3.55±0.10 1.40±0.09 2.55±
Cacao 8.23±0.25 3.83±0.14 1.51±0.10 2.61±

T-chronic Control 7.84±0.29 3.73±0.08 1.99±0.06 2.86±
Cacao 7.28±0.28 3.51±0.21 1.91±0.09 2.97±

Cerebral
Cortex

Chronic Control 1.44±0.03 1.28±0.04 0.63±0.02 0.37±
Cacao 1.35±0.03# 1.25±0.04 0.60±0.02 0.37±

T-chronic Control 1.32±0.03 1.53±0.02 0.77±0.01 0.34±
Cacao 1.35±0.03 1.51±0.05 0.82±0.02** 0.36±

Hippocampus Chronic Control 2.50±0.07 2.48±0.07 1.61±0.05 0.53±
Cacao 2.48±0.10 2.60±0.08 1.68±0.04 0.54±

T-chronic Control 2.29±0.03 1.86±0.04 1.99±0.04 0.37±
Cacao 2.26±0.06 1.87±0.06 2.19±0.04** 0.37±

Striatum Chronic Control 2.46±0.06 1.72±0.05 61.02±
Cacao 2.83±0.08** 1.96±0.06** 57.94±

T-chronic Control 0.21±0.05 2.49±0.09 1.93±0.05 53.52±
Cacao 0.26±0.08 2.68±0.13 2.06±0.08 52.04±

Amygdala Chronic Control 2.18±0.04 3.16±0.14 1.38±0.10 1.48±
Cacao 2.11±0.08 3.71±0.12** 1.48±0.06 1.95±

T-chronic Control 2.00±0.05 3.66±0.13 1.88±0.03 1.40±
Cacao 1.99±0.05 3.75±0.14 2.03±0.04** 1.64±

Chronic indicates rats fed cacao mass diet or control diet (n=8); T-chronic, rats fed
Values are the means±S.E.M. #Pb .1; *Pb .05; **Pb .01, significantly different fro
neurotransmission reduced the sensitivity of these receptors
and reduced their neurotransmission [26]. Acute and chronic
administration of imipramine, a tricyclic antidepressant, had
conflicting effects on avoidance latency [6].

It is known that brain monoamines are important to
express emotion and emotion-related behavior, and various
anxiolytics and antidepressants aim at monoamine systems.
It is suggested that GAD, a disorder caused by conditional
entrations and their turnover rates in the rat brain

DOPAC HVA 3MT 5-HlAA/5-
HT

DOPAC/
DA

HVA/
DA

0.18 0.32±0.03 0.40±0.03
0.10 0.32±0.03 0.40±0.03
0.12 0.47±0.02 0.56±0.02 0.11±0.01 0.54±0.02
0.17 0.50±0.06 0.57±0.05 0.11±0.01 0.55±0.02
0.01 0.06±0.00 0.49±0.03
0.01 0.05±0.01 0.48±0.02
0.01 0.06±0.00 0.50±0.01
0.01 0.06±0.00 0.55±0.01#
0.03 0.04±0.00 0.65±0.03
0.02 0.04±0.00 0.65±0.02
0.02 0.08±0.01 1.07±0.02
0.02 0.07±0.00 1.18±0.04*
1.68 8.34±0.46 4.67±0.17 2.15±0.07 0.70±0.02 0.14±0.01 0.08±0.00
2.14 8.01±0.29 4.47±0.19 2.10±0.07 0.69±0.01 0.14±0.01 0.08±0.00
1.49 8.76±0.46 5.31±0.23 1.97±0.09 0.78±0.01 0.16±0.01 0.01±0.00
1.64 8.61±0.41 5.10±0.19 2.02±0.09 0.77±0.01 0.17±0.01 0.01±0.00
0.05 0.25±0.03 0.44±0.04
0.25 0.32±0.06 0.40±0.02
0.06 0.32±0.03 0.52±0.02
0.13 0.35±0.04 0.55±0.02

cacao mass diet or control diet and exposed to elevated T-maze test (n=12).
m the control group.
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fear, is also involved in monoaminergic and GABAergic
neurocircuitry [27,28]; therefore, we examined the effects
of cacao mass consumption on monoamine concentration
in several brain regions. Short-term cacao mass adminis-
tration did not significantly change brain dopamine,
serotonin and metabolite concentrations in several regions
both before and after the elevated T-maze test. Chronic
cacao mass consumption increased 5-HT concentration in
the brain striatum and amygdala and increased 5-HIAA
concentration in the striatum. After the elevated T-maze
test, 5-HIAA concentration was increased in the cerebral
cortex, hippocampus and amygdala. Serotonin turnover (5-
HIAA/5-HT) was accelerated significantly in the hippo-
campus and tended to be promoted in the cerebral cortex. It
was suggested that the reduction of serotonin stimulus
caused depression, but excess serotonin neurotransmission
in the amygdala and cerebral cortex caused conditional fear
[29]. These results suggested that chronic cacao mass
consumption enhances serotonin neurotransmission and
induces anxiety-related behavior; however, we thought that
chronic cacao mass consumption might act as a depressant,
such as imipramine [6]. Because chronic cacao mass
administration changed brain monoamine concentration in
several brain regions, we suggested that cacao mass affects
brain monoamine neurotransmission; however, short-term
cacao mass administration did not change norepinephrine,
serotonin and dopamine concentrations significantly in
several brain regions but reduced anxiety-relating behavior
in the elevated T-maze test. From these results, we expected
that cacao mass affected the mood control system, such as
monoamine receptors. Moreover, we expected that the
acute effect of cacao mass on anxiety was caused by cacao
mass components because cacao mass contains substances
which greatly stimulate various properties and cannabi-
noids. It is known that chocolate has motivation/reward
functions, but white chocolate, a milk- and cocoa-butter-
containing chocolate with low cacao mass, does not affect
mood [30] because recent studies showed that cannabinoid
cacao powder affected mood and other physiological
functions. Cacao mass contains caffeine, which has an
anxiolytic effect [1], and cannabinoids such as anandamide,
a brain lipid that binds to cannabinoid receptors with high
affinity [31]; phenylethylamine, which acts in a similar
manner to amphetamine [5] and theobromine, which has
caffeine-like stimulant properties but does not affect
locomotor activity [32]. It was suggested that anandamide
stimulation had an anxiolytic effect, and cannabinoid
receptor antagonists induced anxiety-like responses
[33,34]. Chronic treatment with phentlethylamine affected
the brain 5-HT system, and it was suggested that
phentlethylamine worked like an antidepressant [35,36].
In addition, it was shown that cacao powder has N-
acylethanolamines, which activate anandamide function in
the brain [31]. Some studies demonstrated that these
cannabinoids affected motivation and mood [32–37];
however, the cannabinoid concentrations in the cacao
mass administered in this study were lower than in these
reports. For example, the amount of caffeine administered
in this study was approximately 250 μg per rat and that of
anandamide was a few micrograms per rat [38,39];
therefore, we suggest that the anxiolytic effect of cacao
mass shown in our study was due to synergic effects of
these cannabinoids and other micronutrients in the cacao
mass. On the other hand, dopaminergic neurocircuitry
meditates serotonergic neurotransmission and maintains the
balance of monoamine neurotransmission [16]. We sug-
gested that the change in serotonin concentration by long-
term cacao mass consumption was indirectly caused by its
components; however, further studies are necessary to
elucidate the detailed mechanism. Recent studies showed
that functional foods and some nutrients in foods, for
instance, soy phytoestrogens [3], essential oil from citrus
[40] and alpha-lactalbumin [41], affect mood and have
anxiolytic effects. We suggest that cacao mass and cacao
mass-containing food or drink also act as functional foods
that could improve mood.

In conclusion, we indicated that the short-term adminis-
tration of cacao mass showed anxiolytic effects, but chronic
consumption of cacao mass did not reduce anxiety-related
behavior. The administration of cacao mass decreased
conditional fear-related behavior but not unconditional-
related behavior. We expected that cacao mass mediates
brain monoamine neurotransmission because monoamines
are closely concerned with mood; however, cacao mass did
not affect monoamine concentration in the rat brain, while it
had an anxiolytic effect in the elevated T-maze test.
Therefore, we suggest that cacao mass components might
influence the mood control system, such as dopamine
receptors, because cacao mass has many components
which affect brain function. We expect that cacao mass-
containing cannabinoids are involved in the anxiolytic effect
of cacao mass; however, the detailed mechanism is not clear
yet and further experiments are necessary to prove the effects
of cacao mass on anxiolytic-related behavior.
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