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Objective: Several studies have reported that vegetarian diets are
associated with a higher prevalence of major depression. Therefore,
we hypothesised that the consumption of animal products, especially
eggs, may have positive effects on mental health, especially on major
depression, because a previous study reported that egg consumption
produces numerous beneficial effects in humans. The purpose of the
present study was to evaluate the effects of chronic whole-egg treatment
on depression-like behaviours in Wistar rats, a control strain, and Wistar
Kyoto rats, an animal model of depression.
Methods: In both the rats, either whole-egg solution (5 ml/kg) or
distilled water (5 ml/kg) was orally administrated for 35 days. During
these periods, the open-field test (OFT) was conducted on the 21st day,
and a forced swimming test (FST) was enforced on the 27th and 28th
days. On the 36th day, the plasma and brain were collected.
Results: Chronic whole-egg treatment did not affect line crossing in
the OFT, whereas it reduced the total duration of immobility in the
FST on both strains. Furthermore, interestingly, the results indicated
the possibility that whole-egg treatment elevated the incorporation of
tryptophan into the brain, and the tryptophan concentration in the
prefrontal cortex was actually increased by the treatment.
Conclusion: This study demonstrated that whole-egg treatment exerts
an antidepressant-like effect in the FST. It is suggested that whole egg
may be an excellent food for preventing and alleviating the conditions
of major depression.

Significant outcomes

> Chronic whole-egg treatment exerted an antidepressant-like effect in the forced swimming test (FST)
on both rat strains.

> The tryptophan/large neutral amino-acid ratio in the plasma, which provides an index of the
incorporation of tryptophan into the brain, was increased by chronic whole-egg treatment.

> This study demonstrated that chronic whole-egg treatment increased the tryptophan concentration in
the prefrontal cortex.

Limitations

> Immobility is the only index of depression-like behaviour in the FST; hence, the beneficial effect
found in the FST does not necessarily link to an antidepressant effect in humans.

> Wistar Kyoto (WKY) rats are the only animal model of depression. Therefore, the results of this study
should be treated with caution.

> The experimental design used in this study was not able to specify the mechanism for the
antidepressant-like effect found with the daily ingestion of whole egg.
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Introduction

Background

Major depression is a common mental disorder
with the following symptoms: depressed mood,
loss of interest or pleasure, feelings of guilt or
low self-worth, disturbed sleep or appetite, poor
concentration, self-injury and/or suicidal thoughts.
These symptoms can become chronic and lead to
an inability to fulfil everyday responsibilities. The
World Health Organization estimated that more than
350 million patients were suffering from depression
in 2012 (1). Data from the American Psychiatric
Association show that an estimated 10–25% of
women and 5–12% of men experience major
depression in their lifetime (2). Thus, overcoming
major depression is a task of pressing urgency
throughout the world. In addition, antidepressants that
are used to reduce the symptoms of major depression
have some problems. First, antidepressants have a lot
of side effects, such as dry mouth, constipation, sexual
problems, nausea, dizziness and daytime drowsiness
(3,4). Second, current antidepressants take at least
several weeks to exert therapeutic benefits (5) and
only 50–75% of depressed patients are responsive to
antidepressants (6). Third, antidepressant therapy has a
higher relapse rate when the medication is stopped
(7). Because of these problems, antidepressant therapy
for major depression may not be the best choice of
treatment. Therefore, the exploration of novel thera-
pies throughout the world is also required.

It was previously known that antidepressants exerted
their effects via the monoamine systems (8,9). In these
systems, it has been thought that the serotonin
(5-HT) system plays a key role in the onset of major
depression. The reasons are as follows: depressed
patients showed a lower concentration of 5-HT in the
brain; most antidepressants functionally increased
the serotonergic neurotransmission during long-term
treatment; and several selective serotonin reuptake
inhibitors are effective in treating major depression
(10). However, recent studies have demonstrated that
antidepressants affect not only the monoamine system
but also amino-acid metabolism (11–13). Therefore, it
is possible that antidepressants may exert their effects
via alteration of the metabolism of amino acids. In
addition, the study, which used an animal model of
depression, indicated that a depressive-like state may
induce abnormality in amino-acid metabolism (14). In
a study using humans, in fact, depressed patients
showed abnormal amino-acid metabolism in the
plasma and platelets and a low tryptophan/large neutral
amino-acid (Trp/LNAA) ratio – an index of the
incorporation of tryptophan into the brain – compared
with healthy subjects (15). Furthermore, it is reported
that tryptophan, which is the precursor of 5-HT, has an

antidepressant-like effect in mice (16) and in humans
(17). Thus, there is abundant evidence showing the
relationship between depression and amino-acid meta-
bolism, especially tryptophan metabolism.

Several studies have reported that vegetarian
diets are related to poorer mental health, with a
particularly high ratio of vegetarians experiencing
major depression in comparison with subjects with
non-vegetarian diets (18–20). These data raise the
hypothesis that the intake of animal products may
lead to better mental health. In fact, our previous
results showed that animal protein extracts, such
as chicken, pork and beef, altered the brain mono-
amine metabolism-regulating emotion (21). In addi-
tion, the administration of chicken breast extract rich
in carnosine (b-alanyl-L-histidine) increases carno-
sine concentration in the brain (22), and carnosine
induces an antidepressant-like effect (23). These data
suggest that various eligible animal products have a
role in regulating affective status through monoamine
metabolism and other regulatory systems in the brain.

Egg produces various effects, including antimicrobial,
immunomodulatory, anticancer, antihypertensive and
antioxidant activity, and these effects are related to a
number of functional peptides and proteins in egg (24).
Therefore, identified and/or unidentified peptides and
proteins in egg may have antidepressant-like effects. In
fact, fertilised egg powder (Young Tissue Extract;
YTE�R , Med-Eq AS, Tonsberg, Norway) induced anti-
depressant-like effects in depressed patients (25).
Furthermore, it is well known that the amino-acid
balance of egg is excellent, and egg protein is used as
the standard to evaluate the nutritional value of food
protein (26). Therefore, we focused on the function of
egg in an animal model of depression.

WKY rats were isolated from normal Wistar (WIS)
rats and were used as the control animals of
spontaneously hypertensive rats. However, WKY rats
are also used in a study elucidating the mechanism for
major depression. They display longer immobility in
the FST compared with outbred Sprague–Dawley rats
and other inbred strains (14,27–30); however, chronic
antidepressant treatment has been found to alleviate
this depression-like behaviour in the FST (31). In
addition, WKY rats showed hypoactivity in the open-
field test (OFT) compared with WIS rats (14,29,32).
This abnormal behaviour in WKY rats corresponds
with the findings of a study using human subjects, in
which depressed patients exhibited hypoactivity com-
pared with healthy subjects (33). Therefore, WKY rats
are proposed as an animal model of depression.

Aims of the study

The purpose of the present study was to evaluate
the effects of chronic whole-egg treatment on

Nagasawa et al.

210

https://doi.org/10.1017/neu.2013.56 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2013.56


depression-like behaviours in normal WIS rats and
WKY rats, an animal model of depression. In
addition, we aimed to elucidate the effects of oral
whole egg on tryptophan metabolism and the
incorporation of tryptophan into the brain to provide
an insight into the pathogenesis of major depression.
This study was conducted to demonstrate the
possibility that daily whole-egg intake is useful for
mental health in humans.

Materials and methods

Animals

Three-week-old male WIS and WKY rats were
bought from Charles River Japan (Yokohama,
Japan). The rats were housed three or four per cage
with free access to food (MF diet; Oriental Yeast
Co., Tokyo, Japan) and water. They were maintained
on a 12-h light/dark cycle (lights on at 08:00, lights
off at 20:00) at a room temperature of 23 ± 18C and
with humidity at 60%. This study conformed to the
guidelines for animal experiments conducted in
the Faculty of Agriculture and in the Graduate Course
of Kyushu University, and to Law No. 105 and
Notification No. 6 of the government. The experi-
mental plan for the present study was approved by
Kyushu University (A22-135-5).

Experimental procedure

The WIS and WKY rats were acclimated for 7 days
on arrival. On a body weight basis, rats in each
strain were assigned to two groups of seven rats
each, that is: (i) control WIS rat group, (ii) egg-
treated WIS rat group, (iii) control WKY rat group
and (iv) egg-treated WKY rat group. Either whole
chicken-egg solution (5 ml/kg) or distilled water
(5 ml/kg) was orally administrated for 35 days, but
administration was not carried out on the beha-
vioural test days (21st, 27th and 28th days) to avoid
the acute effects of single administration on
behavioural tests. The duration for recovery from
the last behavioural test was set at 7 days. On the
36th day, all rats were decapitated under anaesthesia
with isoflurane (Escain�R , Mylan, Osaka, Japan),
and trunk blood was collected. The plasma was
prepared by centrifuging at 3000 3 g for 15 min at
48C (KUBOTA 3740). The brains were quickly
removed and dissected in the prefrontal cortex,
hippocampus, striatum, thalamus, hypothalamus,
brain stem and cerebellum, and weighed. The
dissection of the brain was performed according to
Paxinos and Watson (34). The samples were frozen
in liquid nitrogen, and stored at 2808C until analysis
was performed.

Open-field test

The OFT was conducted on the 21st day after the
treatments were started. Motor activity in a novel
environment was evaluated by the OFT. Each rat was
transferred to the open-field area from its home cage.
The open field was a square arena (length 90 cm,
width 90 cm and height 45 cm) made of black-
coloured wood. Measurement of the motor activity
was started as soon as the rats were placed at the
centre of the arena in 70 lux light. The motor activity
of each rat was recorded by video camera for 5 min.
After each test, rats were returned to their home cages
and the open-field area was cleaned with a solution of
ethanol and water to unify the test conditions. For the
analysis, the bottom aspect of the open-field arena was
drawn with lines measuring 18 cm both longitudinally
and transversely; it was divided into 25 square
compartments. Line crossing (the number of times
crossed) during the 5 min of video recording was used
as the parameter representing motor activity, and it
was counted in a blind manner. Originally, OFT was
the behavioural test used to evaluate anxiety-like
behaviour. In this experiment, however, OFT was
adopted to evaluate whether the chronic egg treatment
alleviates hypoactivity in WKY rats, this being a
depression-like behaviour specific to WKY rats.

Forced swimming test

FST was conducted on the 27th and 28th days after the
treatments were started to evaluate whether the rats
were in a depressive-like state. This test was conducted
according to a previous report (35), with some
modifications. In the present study, the FST comprised
two exposure sessions: a pre-test session and a main
test session. In the pre-test session, the rats were
individually placed in an acrylic cylinder (30 cm in
diameter, 45 cm high) containing water to a depth of
30 cm maintained at 24–268C for 15 min. Twenty-four
hours later, the rats were placed back into the cylinder
in a similar manner, and their behaviour was recorded
by a video camera for 5 min (main test session). After
each session, the rats were returned to their home cages
and the water in the acrylic cylinder was replaced with
fresh water to unify the test conditions. The total
duration of immobility was counted manually in a
blind manner. Immobility was defined as the index of a
depressive state. A rat was evaluated as immobile
when it was floating motionless or making only small
movements to keep its head above water.

Amino-acid analysis

To investigate the effects of chronic egg treatment
on tryptophan metabolism and tryptophan incorpora-
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tion into the brain, free amino-acid concentrations
in the plasma and brain were analysed by high-
performance liquid chromatography (HPLC). The
tissue samples were homogenised in ice-cold
0.2 mol/l perchloric acid solution containing
0.01 mmol/l EDTA?2Na and left for deproteinisation
on ice for 30 min. Then the tissue homogenates were
centrifuged at 20 000 3 g for 15 min at 08C. Super-
natants were adjusted to pH 7 with 1 mol/l sodium
hydroxide. Plasma samples were filtrated through an
ultrafiltration tube (Millipore, Billerica, Massachu-
setts, USA). Each 20-ml sample of the brain and
each 10-ml sample of the plasma was dried under
reduced pressure. The dried residues were dissolved
in 10 ml of 1 mol/l sodium acetate–methanol–triethy-
lamine (2 : 2 : 1) and re-dried under reduced pressure,
and then dissolved in 20 ml of methanol-distilled
water–triethylamine–phenylisothiocyanate (7 : 1 : 1 : 1),
which was a derivatisation solution. After phenyli-
socyanate had finished reacting with the amino
groups at room temperature for 20 min, the samples
were dried again and dissolved in 200 ml of Pico-Tag
diluent (Waters, Milford, Massachusetts, USA).
These diluted samples were filtrated through a
0.20-mm filter (Millipore). The same methods were
carried out on standard solutions that were prepared
by diluting a commercially available L-amino-acid
solution (type ANII, type B, L-asparagine,
L-glutamine and L-tryptophan; Wako, Osaka, Japan)
with distilled water. The derivatised samples were
applied to a Waters HPLC system (Pico-Tag free
amino-acid analysis column (3.9 mm 3 300 mm),
Alliance 2690 separation module, 2487 dual-wave-
length UV detector, and Millennium 32 chromato-
graphy manager; Waters). They were equilibrated
with buffer A [70 mM sodium acetate (pH 6.45 with
10% acetic acid)–acetonitrile (975 : 25)] and eluted
with a linear gradient of buffer B [water–acetoni-
trile–methanol (40 : 45 : 15) (0%, 3%, 6%, 9%, 40%
and 100%)] at a flow rate of 1 ml/min at 468C. The
concentrations of free amino acids were determined
by the absorbance at a 254-nm wavelength. The
plasma amino-acid concentrations were expressed as
pmol/ml, and the amino-acid concentrations in the
brain were expressed as pmol/mg wet tissue.

5-HT analysis

To investigate the effects of chronic egg treatment on
the metabolism of brain tryptophan, 5-HT concentra-
tions in the brain were analysed by HPLC. The
supernatants that were collected during the amino-acid
analysis were adjusted to pH 3 with 1 mol/l sodium
acetate and were filtrated through a 0.20-mm filter.
5-HT tissue concentrations in filtrates were analysed
using an HPLC system (Eicom, Kyoto, Japan), with a

150 3 3.0 mm ODS column (EICOMPAK SC-
5ODS, Eicom) and an electrochemical detector
(ECD-300, Eicom) at an applied potential of
1750 mV versus an Ag/AgCl reference analytical
electrode. The changes in electric current (nA) were
recorded on a computer using an interface system
(Power Chrom ver 2.3.2.J; AD Instruments, Tokyo,
Japan). The mobile phase consisted of an aceto-citric
acid buffer (pH 3.5, 0.1 mol/l), methanol, sodium
1-octane sulfonate (0.46 mol/l) and EDTA?2Na
(13.4 mmol/l) (830 : 170 : 1.9 : 1). The retention time
and the height of the peaks in the tissue homogenates
were measured and compared with the samples of
external calibrating standard solution containing
5-HT. Concentrations of these substances in the
samples were calculated and expressed as pg/mg
wet tissue.

Statistics

All data were expressed as means ± SEM. Data
analyses for bodyweight changes were performed by
a repeated-measures three-way ANOVA. Crossing
in OFT, immobility in FST, and free amino-acid and
5-HT concentrations were analysed by a two-way
ANOVA and later by a t-test on the same strains and
on corresponding treatment groups (control group
in WIS rats vs. control group in WKY rats and egg-
treated group in WIS rats vs. egg-treated group in
WKY rats). Significance was set at p , 0.05. All the
analyses were performed with StatView (version 5,
SAS Institute Cary, United States, SAS 1998). Out-
lying data were eliminated by Thompson’s test
criterion for outlying observations (p , 0.05).

Results

Body weight

Changes in the body weight (g) after the adminis-
tration of whole-egg solution or water in WIS and
WKY rats are shown in Fig. 1. The body weight
increased over time in both strains, but the
body weight gain was significantly lower in WKY
rats than in WIS rats. No significant effect of egg
treatment was observed. A significant interaction
of strain 3 time was observed, implying that the
difference in body weight gain between WIS and
WKY rats widened as time went on.

Behavioural tests

The effects of strain difference and egg treatment
on line crossing (the number of times crossed) in the
OFT and on total duration of immobility (s) in the
FST are shown in Fig. 2. In the OFT, WKY rats
displayed significantly less crossing than WIS rats,
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but no significant effects of egg treatment and
interaction were observed. In the FST, immobility
was significantly longer in WKY rats than in WIS
rats, and egg treatment caused a significant decrease
in immobility. No significant interaction between
egg treatment and strain was observed in the FST.

Incorporation of tryptophan into the brain and tryptophan
concentrations in the brain

Although the plasma tryptophan concentration
(pmol/ml) did not change with strain (WIS rat
group: 33.3 ± 1.7; WKY rat group: 28.6 ± 1.6)
or with egg treatment (control group: 28.7 ± 1.8;

egg-treatment group: 33.1 ± 1.6), the plasma Trp/
LNAA ratio increased with egg treatment (Fig. 3a).
No significant effects of strain difference were
observed and there was no interaction between
strain and egg treatment.

Tryptophan concentration in the prefrontal cortex
is also shown in Fig. 3b. Egg treatment significantly
increased the tryptophan concentration, but no signi-
ficant effects of strain difference and interaction
were observed. In the other brain regions, trypto-
phan concentration (pmol/mg wet tissue) was not
changed by egg treatment (hippocampus: control
group 146 ± 5.5, egg-treatment group 154 ± 1.3;
striatum: control group 101 ± 4.9, egg-treatment group
99.7 ± 9.0; thalamus: control group 66.0 ± 5.4, egg-
treatment group 51.0 ± 4.6; hypothalamus: control
group 44.3 ± 12, egg-treatment group 45.9 ± 14; brain
stem: control group 106 ± 6.4, egg-treatment group
127 ± 4.7; and cerebellum: control group 143 ± 3.9,
egg-treatment group 143 ± 4.1).

5-HT concentrations in the brain

Egg treatment did not affect the 5-HT concentrations
in the prefrontal cortex, hippocampus, striatum,
thalamus, hypothalamus, brain stem or cerebellum,
whereas the effect of strain difference was confirmed
in the striatum, thalamus and cerebellum (data not
shown). WKY rats showed lower 5-HT concentra-
tions in these three regions compared with WIS rats.

Discussion

In the OFT, WKY rats displayed less line crossing
(in terms of the number of times crossed) compared
with WIS rats, meaning that WKY rats are hypo-
active, in agreement with the findings of previous

Fig. 2. Effects of strain and treatment on behavioural tests. (a) Effects of strain difference and egg treatment on line crossing (the
number of times crossed) in OFT. (b) Effects of strain difference and egg treatment on the duration of immobility (s) in FST. The
number of samples used for analysis was between six and seven. All results are expressed as mean ± SEM. OFT, open-field test;
FST, forced swimming test; WIS, Wistar rats; WKY, Wistar Kyoto rats; CON, control group; EGG, chronic whole-egg treatment
group; NS, not significant.

Fig. 1. Effects of strain, treatment and dosing period (time) on
body weight (g). The number of samples used for analysis
was between five and seven. All results are expressed as
mean ± SEM. WIS, Wistar rats; WKY, Wistar Kyoto rats;
CON, control group; EGG, chronic whole-egg treatment
group; NS, not significant.
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studies (14,29,32). In addition, in the FST, WKY
rats displayed higher immobility – the index of
a depressive-like state – compared with WIS rats.
These results are in agreement with those of
previous studies (14,27–30). Therefore, here we
reconfirmed the possibility that the WKY rat strain is
an animal model of depression.

In the present study, the effects of chronic egg
treatment on body weight, depression-like beha-
viours, Trp/LNAA ratio, tryptophan concentrations
and 5-HT concentrations were evaluated. Daily egg
treatment did not influence the body weight gain in
either WIS or WKY rats. In addition, these data
showed that daily egg treatment did not improve the
low body weight in WKY rats. These facts suggest
that in both strains a relatively small amount
of energy was supplied from the daily whole egg
compared with the total energy intake. However, we
cannot clarify this point any more precisely because
we did not measure the food intake or the energy
intake. On the other hand, WKY rats grew more
slowly in comparison with WIS rats, suggesting that
growth is strictly controlled by genetic background.

Chronic egg treatment had no effect on line
crossing (the number of times crossed) in the OFT in
either WIS or WKY rats. This result suggests that
chronic egg treatment did not improve hypoactivity,
one of the parameters of depression-like behaviours,
in WKY rats. On the other hand, chronic egg
treatment significantly decreased immobility in the
FST without any relation to the rat strain. This result
indicates that chronic egg treatment alleviated the
depression-like behaviours in the FST without any
relation to genetic background. The data obtained

here produced a conflicting result whereby chronic
egg treatment alleviated depression-like behaviour
only in the FST, and not in the OFT. A previous
study revealed that chronic antidepressant treatment
improved depression-like behaviour in the FST, but
had no effect on motor activity in the OFT (36).
Therefore, it may be speculated that motor activity
in the OFT is regulated by a different mechanism to
that which regulates immobility in the FST. The
discrepancy in the present study may be because of
the different mechanism-regulating behaviours, and
egg treatment might specifically act only on the
depression-like behaviour exhibited in the FST.

From our analysis of the free amino-acid and
5-HT concentrations in the plasma and brain, we
drew a conclusion concerning the possible mechan-
ism of the antidepressant-like effect induced by daily
egg treatment. Daily egg treatment increased the Trp/
LNAA ratio. LNAA includes tryptophan, tyrosine,
phenylalanine, leucine, isoleucine, valine, methionine
and histidine, and these amino acids compete with
one another for the same amino-acid transport system
when they are incorporated into the brain (37). The
data obtained in the present study indicate that daily
egg treatment may induce an elevated rate of
incorporation of tryptophan into the brain. Interest-
ingly, tryptophan concentration increased only in the
prefrontal cortex, and not in the other brain regions.
It has been thought that the reduction in 5-HT –
a metabolite of tryptophan – in the brain induces
major depression (38). Therefore, we expected that in
this study the 5-HT concentration would increase
in the prefrontal cortex, because chronic egg treat-
ment increased the tryptophan concentration in the

Fig. 3. Effects of strain and treatment on the Trp/LNAA ratio in the plasma and on tryptophan concentration in the prefrontal cortex.
(a) Effects of strain difference and egg treatment on tryptophan incorporation into the brain. The number of samples used for
analysis was between five and seven. All results are expressed as mean ± SEM. (b) Effects of strain difference and egg treatment on
tryptophan concentration in the prefrontal cortex. The number of samples used for analysis was between five and six. All results are
expressed as mean ± SEM. Concentration was expressed in pmol/mg wet tissue. Trp, tryptophan; LNAA, large neutral amino acids;
WIS, Wistar rats; WKY, Wistar Kyoto rats; CON, control group; EGG, chronic whole-egg treatment group.
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prefrontal cortex. However, the 5-HT concentration
in the prefrontal cortex was found to be identical
between the control and whole-egg groups. Therefore,
the present study demonstrated that antidepressant-
like effects of egg treatment may be not mediated by
an increase in 5-HT concentration in the prefrontal
cortex. In this regard, however, only the 5-HT
concentration was evaluated and not its release into
the synaptic clefts. Therefore, in a future study, the
alteration of 5-HT release into the synaptic clefts that
is caused by chronic whole-egg treatment needs to be
evaluated. On the other hand, it is known that
tryptophan is mainly metabolised by kynurenine in
mammals (39). Therefore, the increase in tryptophan
concentration in the prefrontal cortex caused by daily
egg treatment may affect the kynurenine pathway. It is
known that kynurenine catabolises into kynurenic acid,
quinolinic acid and 3-hydroxy kynurenine. Previous
studies have reported that depressed patients and the
social isolation stress model in mice showed lower
kynurenic-acid concentrations in the plasma compared
with the control group (40,41), and an unpredictable
chronic mild stress model, one of the animal models of
depression, showed lower kynurenic-acid concentra-
tions in the striatum compared with the control group
(42). Furthermore, repetitive treatment of kynurenic
acid reduced immobility in the FST (43). In addition,
kynurenic-acid treatment produces neuroprotective
effects against the excitotoxic action of quinolinic
acid (44). Furthermore, kynurenic acid attenuates the
stress-related behaviours induced by the corticotro-
phin-releasing hormone in chicks (45). Taking into
consideration the previous reports and the results
obtained here, it may be speculated that egg treatment
exerts an antidepressant-like effect via activation of
the tryptophan–kynurenine pathway in the prefrontal
cortex. However, it is reported that kynurenine admin-
istration induces depression-like behaviours in mice
(46). In addition, the elevation of kynurenine concen-
tration also increases the concentration of quinolinic
acid, which induces excitotoxicity (41). Therefore, it
may be thought that the activation of the kynurenine–
kynurenic-acid pathway is more important than that of
the kynurenine–quinolinic-acid pathway. The relation-
ship between depression and the kynurenine pathway
should be examined carefully in future investigations.

Finally, we refer to the problem of whether the
attenuation of depression-like behaviour is specific
to chronic whole-egg treatment, or whether it is the
additional energy intake through daily diet that is
the significant factor in bringing about the attenua-
tion. In the present study, we could not make
any judgement about this, although the body weight
between different dietary treatments was almost
identical (Fig. 1), as we had planned the experiment
in such a way as to clarify only the effect of

additional supplementation of the daily diet through
chronic whole eggs. This point should, however, be
clarified in future work.

In conclusion, the present study has demonstrated
that chronic whole-egg treatment induces antide-
pressant-like behaviour in both WIS and WKY rats
only in the FST. The findings suggest that whole
egg might function as a means of preventing and
alleviating the condition of major depression.
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