
Contents lists available at ScienceDirect

Life Sciences

journal homepage: www.elsevier.com/locate/lifescie

Anxiolytic effects of γ-oryzanol in chronically- stressed mice are related to
monoamine levels in the brain

Salina Akter, Hiroyuki Sasaki, Kazi Rasel Uddin, Yuko Ikeda, Hiroki Miyakawa,
Shigenobu Shibata⁎

Laboratory of Physiology and Pharmacology, School of Advanced Science and Engineering, Waseda University, Tokyo, Japan

A R T I C L E I N F O

Keywords:
γ-oryzanol
Anxiety
Monoamines
Amygdala

A B S T R A C T

Aims: The present study was aimed to investigate the anxiolytic effect of γ-oryzanol (GORZ) during chronic
restraint stress treatment (CRST), which is a well-documented model of stress-related disorders, like anxiety, and
its potential molecular mechanisms.
Materials and methods: In this experiment, 5-week-old male ICR mice were used and the concentration of GORZ
was fixed at 0.5% in the mouse standard diet (14% casein, AIN 93M). Mice were immobilized daily for 3 h from
ZT 2.5 to 5.5 (ZT0 was designated as light-on time) for 20 consecutive days, followed by behavioral testing,
including the open field test (OFT) and elevated plus maze (EPM) test. The concentration of serum corticosterone
(CORT) was measured. In addition, the expression of central monoamine neurotransmitters with their meta-
bolites in the hippocampus, cerebral cortex, and amygdala of the brain were examined.
Key findings: 0.5% GORZ partially blocked stress-induced reduction of body weight gain while stressed mice had
significantly lower body weights during the entire experimental period. Further, 0.5% GORZ treatment could
significantly improve the main behavioral parameters even in CRST situations. The significant increase in serum
CORT levels indicated CRST-induced stress, which was almost unaffected by 0.5% GORZ treatment. Moreover,
0.5% GORZ also supported the anxiolytic mechanism with enhancement of 5-HIAA and NE levels in the
amygdala of brain after CRST.
Significance: Taken together, our studies suggested that 0.5% GORZ is a potential therapeutic drug candidate
against anxiety under chronic stress conditions.

1. Introduction

Stress can be defined as any uncomfortable emotional experience,
accompanied by predictable biochemical, physiological, and behavioral
changes [1]. Stress affects people of all ages, sexes, and circumstances,
leading to both physical and psychological health issues. Chronic stress
is thought to be associated with structural degeneration and impaired
functioning of the brain, which may account for the increased risk of
developing neuropsychiatric disorders like anxiety, depression, and
dementia [2]. Among all stress-related neuropsychiatric disorders, an-
xiety disorders are the most common [3–6], which affect nearly one in
five adults in the U.S. alone [7]. Yet, the precise mechanism underlying
stress-related behavioral disorders is still unclear. Currently, γ-oryzanol
(GORZ) has received considerable attention as an anxiolytic drug;
however, very little is known about its effect.

Rice is the staple food of more than half of the world's population,

with more than 3.5 billion people depending on rice for more than 20%
of their daily calories. Nearly 90% of the world's rice is produced and
consumed in Asia.

Rice Bran oil (RBO) is an important byproduct of rice bran, which is
believed to be a healthy edible oil [8]. It contains a balanced fatty acid
(FA) profile that includes 47% monounsaturated fats, 33% poly-
unsaturated fats, and 20% saturated fats. The fat content is composed of
triacylglycerols (87%) and free fatty acids (8%), and the remaining 5%
of constituents, like GORZ, tocotrienols, tocopherols, and squalene,
have proven nutritional benefits [9,10]. Globally the consumption of
RBO remains is increasing day by day due to its health benefits and the
high production rate of rice.

Chemically, GORZ is mainly composed of a mixture of trans-ferulic
acid esters (trans-hydroxycinnamic acid) and phytosterols (sterols and
triterpenic alcohols), such as cycloartenol, β-sitosterol, 24-methylene-
cycloartenol, and campesterol [11]. GORZ is a strong antioxidant
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compound that decreases plasma and serum cholesterol levels by re-
ducing the absorption of cholesterol from foods [12]. It also inhibits
tumor promotion [13], protects against liver injury [14] and decreases
platelet aggression [15]. Moreover, it has been classically used by some
researchers to increase testosterone and growth hormone levels and
treat hyperlipidemia [16] and symptoms associated with menopause
[17].

Thus, the present study aimed to clarify the anti-anxiety role of
0.5% GORZ and establish anxiolytic regulatory mechanisms on chronic
restraint stress treatment (CRST)-induced behavioral changes. Firstly,
we evaluated the anxiolytic-like effects of GORZ by behavioral tests,
including the open-field test (OFT) and elevated plus-maze test (EPMT).
Following that, based on the significance of corticosterone (CORT) and
monoamines in the pathological mechanism of anxiety, the levels of
serum CORT and monoamines in brain were determined to establish the
possible anxiolytic-like mechanism of GORZ.

2. Materials and methods

2.1. Animals and experimental design

Male 5-week-old ICR mice were purchased from Tokyo Laboratory
Animals Science Co., Ltd., Tokyo, Japan and were given 24 h recovery
time after transportation. Mice were randomly divided into four groups
(Control (CTL), GORZ, Control +CRST and GORZ+CRST). The un-
stressed mice were housed for 20 days with free access to food and tap
water in a temperature- and humidity-controlled (22 ± 2 °C,
60 ± 5%) environment, under a 12-h light/dark cycle. Stressed mice
were subjected to restraint stress using a wire-mesh bag
(3× 6×12 cm) clipped to their home cage daily for 3 h from ZT 2.5 to
5.5 (ZT 0 was designated as the light-on time) without free access to
food and water. The first phase chronic restraint stress treatment
(CRST) was applied for 14 consecutive days (D 14) from the beginning
of the experiment and the second phase CRST was applied again for 5
consecutive days from Day 16 to day 20 followed by 24 h recovery
period i.e. no scheduled CRST on Day 15 under the same experimental
conditions (Fig. 1). After being restrained, the mice were returned to
the home cage and provided food and water ad libitum. The morning
time was considered most suitable for CRST as mice are habituated to
sleep in this time and avoid eating. Therefore, food deprivation in this
time period may not affect greatly. No considerable aggression was
observed after returning to home cage. The body weight and food
consumption of the mice were monitored daily (ZT 1.5 to 2) before
restraint stress exposure. In this experimental design, a total of 10–12
mice were housed in a group and each cage of mice of a given treatment
functioned as an experimental unit. Therefore, we were unable to
measure the food intake volume in individual mice. Mice were group
housed throughout studies to avoid unnecessary stressful circumstance
in accordance with the guidelines from the animal care committee. This
is why we measured food consumption as a group. Mice were also
transferred to new cages with new fresh wood shaving every week. The
food and tap water were also changed once a week. The procedures
conformed to the “Fundamental Guidelines for Proper Conduct of An-
imal Experiment and Related Activities in Academic Research Institu-
tions” (published by the Ministry of Education, Culture, Sports, Science
and Technology, Japan) and were approved by the Committee for An-
imal Experimentation of the School of Science and Engineering at
Waseda University (permission # 2017-A074).

2.2. Application arrangement of γ-oryzanol (GORZ)

GORZ was obtained from Sigma-Aldrich (St. Louis, MO, USA). In the
current study, 0.5% GORZ was administered via the mouse standard
diet (14% casein, AIN 93M). Numerous in vivo animal studies have
been performed with different GORZ dosages. 0.5% GORZ was most
commonly used and highly effective dose in rodents [18].

2.3. Behavioral testing

The behavioral tests, including the open field test (OFT) and ele-
vated plus maze test (EPM), were conducted on days 15 and 20, re-
spectively on the light intensity of 100–150 lx, to examine the effects of
0.5% GORZ on anxiety-like behaviors (Fig. 1).

2.3.1. Open-field test (OFT)
On day 15, mice were introduced to an open field test at ZT 5.5 to

7.5 after 3 h of CRST following 24 h of interval period from CRST. Each
mouse was placed at the center (23 ∗ 12 cm) of the open field apparatus
(35 ∗ 24 ∗ 24 cm) and the behavior was monitored for 5min using a
charged-couple device (CCD) camera. Several parameters including the
time in the center zone (s), total distance travelled (m), and number of
entries into the center zone were measured to assess anxiety-like be-
havior and were analyzed using ANYMAZE software (Stoelting, IL,
USA). The apparatus was thoroughly cleaned with 70% ethanol after
each trial in the OFT.

2.3.2. Elevated plus maze (EPM) test
On day 20, anxiety related behavior was assessed by using the EPM

test at ZT 5.5 to 7.5 after 3 h of CRST following 0–2 h of interval period
from CRST. The EPM consists of two opposite open arms (29× 7 cm)
and two opposite closed arms (29 ∗ 19 ∗ 7 cm), which are connected by
a 7-cm square center zone, elevated approximately 41 cm above the
floor, and located in an appropriate observation room. The walls on the
closed arms were opaque. Each mouse was placed at the center zone
facing the open arm and was allowed to move freely for 5min. A CCD
camera was used to record the behavior. Important parameters like the
time (s) in the open and closed arm and the distance travelled (m) in the
open and closed arm and the number of entries in the open and closed
arm were calculated and analyzed using ANYMAZE software (Stoelting,
IL, USA). The ANYMAZE detects the mouse arm entry when the center
of mouse body enters the open or closed arm of the apparatus. The
apparatuses were also cleaned with 70% ethanol after each trial in EPM
test.

2.4. Animal termination and sample collection

On day 20, after the 3-h CRST exposure and EPM test, mice were
sacrificed at ZT 5.5 to 7.5. (Fig. 1). Mice were anesthetized using
midazolam/xylazine and trunk blood samples were collected after de-
capitation. The samples were kept at room temperature for 1 h, cen-
trifuged at 3000 rpm for 15min to obtain serum, and stored at −80 °C
until further analysis. Whole brains were also rapidly removed. Frontal
brain slices (2-mm thick), which included the hippocampus, cerebral
cortex, and amygdala, were prepared using a brain matrix (# 0530;
Bioresearch Center Co., Nagoya, Japan). The various brain regions were
sliced and tissues were dissected based on the neuroanatomical land-
marks from the brain atlas corresponding to bregma −0.5 to bregma
−2.5 [19] approximately. The hippocampus (mean wet weight,
17.1 mg) and the amygdala (mean wet weight, 14.9mg) were dissected
free hand. The cerebral cortex (mean wet weight, 17.9 mg) was dis-
sected free hand from the upper regions of the dorsal hippocampus. The
brain tissues were immediately stored at −80 °C until further analysis.
The detailed protocol has been published in our previous paper [20].

2.5. Enzyme-linked immunosorbent assay

Levels of serum corticosterone (CORT) were measured through an
enzyme-linked immunosorbent assay (ELISA), using a commercial
ELISA kit (ASSAYPRO, St. Charles, MO) according to the manufacturer's
instructions. Absorbance was measured at 450 and 570 nm; the reading
at 570 nm was subtracted from those at 450 nm to correct optical im-
perfections. The detailed protocol has been published in our previous
paper [21].
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2.6. High-performance liquid chromatography-electrochemical detection
(HPLC-ECD)

To explore the detailed neurochemical mechanisms involved in
anxiolytic-like effects of 0.5% GORZ, the levels of central monoamine
neurotransmitters, i.e., 5-hydroxy tryptamine (5-HT) and nor-
epinephrine (NE), and their metabolites, 5-hydroxyindole acetic acid
(5-HIAA) and 3-methoxy-4-hydroxyphenylglycol (MHPG), in the hip-
pocampus, cerebral cortex, and amygdala were detected using HPLC-
ECD (HTEC 500; Eicom, Kyoto, Japan) after the behavioral assessments.
Perchloric acid (0.2M, including 100 μM EDTA·2Na) and 20 ng of iso-
proterenol (internal standard) were added to each sample. Samples
were homogenized using an ultrasonic-homogenizer and were cen-
trifuged at 15,000 rpm at 4 °C for 15min. The supernatants collected for
each sample were filtered using a 0.45-μm filter. The quantity of
monoamine in each 20 μL sample was measured using HPLC-ECD with
the following conditions: the transfer phase consisted of 85% 0.1M
acetate citric acid buffer (pH 3.5) containing 5mg/L EDTA·2Na,
190mg/L 1-octanesulfonic acid sodium salt, and 15% methanol (99%
purity); the velocity of the flow was 500 μL/min; the column tem-
perature was set to 25 °C; the applied voltage was set to +750mV
versus Ag/AgCl. Data were analyzed using EPC-300 software (Eicom).
The detailed protocol has been published in our previous paper [21].

2.7. Statistical analysis

Data are presented as mean ± standard error of mean (SEM).
Statistical analyses were performed using Graph Pad Prism version 6.03
(Graph Pad Software, San Diego, CA). The data were tested for normal
distribution, and equal or biased variation using the D'Agostino-Pearson
test and Bartlett's test, respectively. Parametric analysis was conducted
using two-way analysis of variance (ANOVA) with Sidak test for post-
hoc analysis. If normal distribution was absent, the data were tested by
mathematical transformation (logarithmic) and subsequently by two-
way analysis of variance (ANOVA) with Sidak test for post-hoc analysis.

3. Results

All data of statistical analysis are listed in the Supplemental Table 1.
At first, a preliminary behavioral study including the OFT and EPM test
were conducted to examine the anxiolytic effect of 1% GORZ. In this
experiment, 6 week old C57BL/6 J male mice were used and randomly
divided into two groups, control (14% casein diet, n= 3) and 1% GORZ
(14% casein diet+ 1% GORZ, n=5) and housed for 17 weeks with ad
libitum food and tap water under 12 h light dark cycle. For the OFT,
time in the center zone (s) in control and 1% GORZ mice were
67 ± 19.38 (s) and 67.14 ± 9.93 (s) respectively. For the EPM test,
the important behavioral parameters including the time in the open
arm (s) and the distance travelled in the open arm (m) in control and

Mouse: ICR 5 week old male

D0 D1 D2 D4 D5D3 D10D6 D11D9D8D7 D12 D13 D15D14 D16 D17 D18 D19 D20

CRST CRST

Sampling: Blood, hippocampus, cerebral cortex, Amygdala 

Groups: 1. Control, no stress

2. GORZ, no stress

3. Control+ CRST 

4. GORZ+CRST

Open Field Test 

Elevated Plus Maze Test 

Chronic Restraint Stress

sacrifice ( ZT 5.5-7.5)

Body weight and food consumption checked daily before CRST exposure 

OFT

OFT EPM

EPM
CRST
GORZ γ-oryzanol

Fig. 1. Experimental design and protocol.
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1% GORZ group mice were (91.33 ± 8.08; 90.48 ± 45.43 (s), re-
spectively) and (1.301 ± 0.14; 0.6554 ± 0.21 (m), respectively). No
significant changes of important behavioral parameters recorded in
OFT and EPM test in this preliminary experiment inspired us to set the
present study design with 5 week old ICR male mice with 0.5% GORZ
dietary treatment.

3.1. Effects of CRST on food intake and body weight

The effects of daily 3-h CRST for 20 days on food intake and body
weight are shown in Fig. 2. The daily food intake of the stressed mice
dropped sharply during the first few days of CRST, but gradually re-
covered substantially (Fig. 2A). As shown in Fig. 2B (a), there was no
significant difference in body weight per group of mice before the CRST
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Fig. 2. Effect of chronic restraint stress treatment (CRST) on food intake and body weight. (A) daily food intake (g/mouse) of mice, (B) Body weight (g) of all groups
from baseline i.e., B(a) day 0 (D0), B(b) day 7 (D7), B(c) day 14 (D14), B(d) Day 20 (D20) to the end of experiment. Data are presented as mean ± standard error
(SE); n=10–12 mice per group. Statistical differences were evaluated using two-way analysis of variance (ANOVA) with Sidak test (+, P < 0.05; +++,
P < 0.001; ++++, P < 0.0001).
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procedure was performed. However, as a consequence of CRST, the
stressed mice had significantly (P < 0.001, P < 0.0001) lower body
weights than the unstressed control and GORZ mice (Fig. 2B (b, c, d))
during the entire experimental period. To some extent, these effects of
CRST can be reduced by concurrent treatment with 0.5% GORZ in the
diet. Fig. 2B (b) clearly showed that 0.5% GORZ treatment remarkably
(P < 0.05) blocked the stress-induced reduction of body weight gain.

3.2. Effect of 0.5% γ-oryzanol treatment on chronic restraint stress-induced
behavioral changes in OFT

Anxiety related behavior in the OFT is shown in Fig. 3. As shown in
Fig. 3A, the CRST-exposed mice spent significantly less time in the
center zone (s) as compared to the unstressed control mice (P < 0.05),
indicating that CRST induced an anxiety-like phenotype. Although
significant differences were not observed, GORZ treatments slightly
reversed the CRST-induced decrease in the time spent in the center zone

(s) Fig. 3A.
Fig. 3B shows that the total distance travelled (m) was slightly in-

creased in the GORZ-treated mice under both unstressed and CRST
conditions. As shown in Fig. 3C, it is clear that 0.5% GORZ treatment
significantly increased the number of entries into the center zone
(P < 0.05) under CRST conditions. These results support the idea that
0.5% GORZ feeding decreases anxiety-like behaviors.

3.3. Effect of 0.5% γ-oryzanol treatment on chronic restraint CRST induced
behavioral changes in EPM test

The EPM test (Fig. 4) demonstrated that CRST could affect the main
behavioral parameters slightly as compared to mice from the control
group (unstressed versus CRST). For the EPM test, as shown in Fig. 4A
and B, mice treated with 0.5% GORZ showed a significant increase in
the time in the open arm (s), (P < 0.01) and distance travelled in the
open arm (m), (P < 0.05), even when they underwent CRST. The time
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Fig. 3. Effect of 0.5% γ-oryzanol (GORZ) treatment on chronic restraint stress (CRST)-induced behavioral changes in the open field test (OFT). OFT was conducted on
day 15 at ZT 5.5 to 7.5, and the (A) time in the center zone (s), (B) total distance travelled (m), and (C) number of entries into the center zone were determined.
Values are presented as mean ± standard error (SE); n= 10–12 mice per group. Statistical differences were evaluated by two-way analysis of variance (ANOVA)
with Sidak test (+, P < 0.05).
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in the closed arm (s) (P < 0.001) was also significantly decreased in
GORZ+CRST mice as compared to Control +CRST mice (Fig. 4D).
GORZ treatment also slightly decreased the distance travelled (m) in the
closed arm (Fig. 4E). No, significant differences in the number of open

to closed arm entries were noted among the groups under CRST situa-
tions (Fig. 4C and F).

So, the OFT and EPM test results together corroborated the idea that
0.5% GORZ treatment had importantly anxiolytic effect.
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Fig. 4. Effect of 0.5% γ-oryzanol (GORZ) treatment on chronic restraint stress treatment (CRST)-induced behavioral changes in the elevated plus maze (EPM) test.
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3.4. Effect of 0.5% γ-oryzanol treatment on serum corticosterone (CORT)

Serum corticosterone (CORT) was measured using ELISA. A sig-
nificant increase (P < 0.05) in the levels of serum CORT was observed
in both the control and GORZ mice that underwent CRST as compared
to respective unstressed control mice from both GORZ-treated and non-
treated groups. These findings indicate that CRST produced a stress
response, which was almost unaffected by the 0.5% GORZ treatment
(Fig. 5). Collectively, the results indicated that the anti-anxiety effect
mediated by 0.5% GORZ may be independent of the anti-stress effect of
CRST.

3.5. Effect of 0.5% γ-oryzanol on brain monoamine neurotransmitters and
their metabolites

Anxiety-related neurotransmitters 5-HT and NE with their metabo-
lites, i.e., 5-HIAA and MHPG, respectively, were also measured in the
hippocampus, cerebral cortex, and amygdala to evaluate the possible
anti-anxiety effect of 0.5% GORZ (Fig. 6A–L). As shown in Fig. 6A–H,
CRST led to an increase in anxiety-like behaviors, and caused a slight
reduction in the levels of the neurotransmitters and their metabolites in
the hippocampus and cerebral cortex of brain. In addition, CRST de-
creased the 5-HT and 5-HIAA levels without significance in the amyg-
dala (Fig. 6I and J). CRST exposure is expected to yield higher anxiety
level in mice due to trend of decrease in the NE level in the amygdala
(P= 0.076) in the Control+ CRST group versus the unstressed control
group (Fig. 6K).

As shown in Fig. 6A–H, in the hippocampus and cerebral cortex,
intake of 0.5% GORZ food restored the slightly decreased levels of 5-
HT, NE and their metabolites.

In the amygdala (Fig. 6J), in comparison to the control group, mice
treated with 0.5% GORZ showed a trend of increase in 5-HIAA which is
the metabolite of 5-HT, an important neurotransmitter (P= 0.083),
under CRST exposure. Additionally, as shown in Fig. 6K, mice treated
with 0.5% GORZ showed significantly higher NE (P < 0.05) values
under CRST exposure as compared to those without 0.5% GORZ
treatment. In addition, an increase (P= 0.057) in the level of MHPG, an
NE metabolite was observed in the GORZ group without stress (Fig. 6L).

Thus, the HPLC-EC results demonstrated the anxiolytic effect of
0.5% GORZ under conditions of chronic stress.

4. Discussion

The brain is the main target of chronic excessive stress, which can
consequently lead to the development of stress-related psychiatric dis-
orders and cognitive ambiguities [22,23]. A recent study showed that
CRST induced morphological changes in the blood brain barrier, es-
tablishing a link between stress and neurodegenerative disorders [24].
Further, it is already clear that chronic stress exposure can lead to
neurological, morphological, and functional changes in the brain,
which is closely associated with post-traumatic stress disorders [25].
Thus, in the present experiment, we investigated the anxiolytic effects
of 0.5% GORZ and demonstrated the potential molecular mechanism of
its effects, following exposure to chronic and extreme forms of un-
escapable stress. The CRST mouse model used in the current study is the
most commonly employed model in similar experiments [26].

Daily exposure to 3-h CRST, from ZT 2.5 to 5.5, for 20 days in 5-
week-old male ICR mice elicited anxiety-like behavior and cognitive
impairment, which corroborated with previous findings [27,28]. In-
keeping with previous studies our results also demonstrated functional
and structural changes of several brain regions related to behavior and
cognition regulation, including the hippocampus, cerebral cortex
[29–32], and amygdala [33], and a reduction in body weight gain and
food intake [34–36]. These behavioral and cognitive aberrations were
also paralleled by biochemical alterations, including higher levels of
stress hormone, corticosterone [37], disturbance of monoamine neu-
rotransmitters balance [38]. The results in the current study demon-
strated that CRST rapidly induced a marked decrease in body weight.
Previous reports described that the hypothalamic mRNA expression of
food intake-related genes such as ghrelin (an orexigenic factor which
strongly stimulates food intake and increases body weight, [39]) and
pro-opiomelanocortin [POMC] (act anorexigenically by producing and
releasing α-MSH, a peptide that activates melanocortin-3, -4 receptors
and inhibits food intake [40]) showed a significant decrease and in-
crease in mice undergoing CRST, respectively [41] which may also be
the consistent fact findings of the current study. A previous report also
showed that the rapid CRST-induced reduction in body weight did not
recover, even after the removal of stress [35]. In the current study,
however, 0.5% GORZ may act in opposition to the mechanism of lower
body weight and partially reverse the CRST-induced body weight loss.

The significant increase in serum CORT levels indicated a positive
correlation of CRST-induced anxiety, which was almost unaffected by
0.5% GORZ. The data presented here supported the idea that the in-
creased serum CORT levels could be attributed to a continuous state of
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stress, which may stimulate the catabolism of skeletal muscle proteins,
leading to a loss of body weight [42]. Our data revealed increased level
of serum CORT associated with CRST-induced stress. However, in the
present study, GORZ was implicated as a weak modulator of the stress
response in the HPA axis; whereas, its anxiolytic effect was mainly
mediated via upregulation of the central monoaminergic system in the
amygdala of the brain. Thus, GORZ may have anti-stress and anti-an-
xiety effects which are independent of CORT activity.

It has already been proven that chronic stress increases anxiety-like
behavior [43,44]. The most widely used assays to assess anxiety-related
behavior, include the OFT and EPM tests [45]. In the current study,
mice that were fed 0.5% GORZ showed a decrease in anxiety-like be-
haviors, such as the significant increase in the number of entries into
the center zone in the OFT. Additionally, these mice also displayed a
similar trend for the EPM test after CRST, where they showed a sig-
nificant increase in the time spent (s) and the distance travelled (m) in
the open arm. Moreover, for the EPM test, mice that were administered
0.5% GORZ demonstrated a significant reduction in the time (s) spent
in the closed arm, even when they underwent CRST. Therefore, the
results of the OFT and EPM test together supported the idea that al-
though the CRST caused mice to enter an anxious emotional state, 0.5%
GORZ produced a measurable anxiolytic effect.

We also conducted an experiment using 5 week old ICR male mice
(n=4) to check whether GORZ had any alteration effect on locomotor
activity or not. With the maintenance of 12 h LD cycle, GORZ were
administered orally (0.05 ml/10 g BW) at ZT0 and the locomotion ac-
tivity of mice was monitored for 2 days onward with a model SE-10
infrared radiation sensor (Akizuki Denshi Tsusho Co. Ltd., Tokyo,
Japan) and analyzed using CLOCKLAB software (Actimetrics, Wilmette,
IL, USA). No significant change of the total amount of locomotor ac-
tivity was observed in control (339.63 ± 0.95) and GORZ
(248.74 ± 0.67) group mice. Here, the results also supported the real
anxiolytic effect of GORZ.

There are many hypotheses about the pathogenesis of stress related
disorders, including the monoamine dysfunction hypothesis.
Furthermore, the improvement of symptoms following treatment with
SSRIs (Selective Serotonin Reuptake Inhibitors) has been one explana-
tion supporting the role of serotonergic dysfunction in anxiety [46].
Based on these evidences, the role of monoamines in the anxiolytic-like
effects of 0.5% GORZ was elucidated. The findings of the present study
are consistent with previous reports on the implications of the central
monoaminergic system, including 5-HT and NE, in the pathophysiology
and therapeutic measures for emotional disorders [47,48]. In addition,
the synthesis and release of neurotransmitters in the hippocampus and
cerebral cortex are closely related to those during neuropsychiatric
disorders [49]. Because the amygdala exerts a direct influence on sti-
muli [50], we focused on its monoaminergic response. Although we
suggest that changes in monoamines demonstrate an anxiolytic effect of
GORZ treatment, current data show only correlations but no direct
causation. Therefore, further experiments using mouse models having
monoamine impairments or in mice with adrenal deficits will provide
further insights.

The present experimental data showed that pretreatment with 0.5%
GORZ could effectively improve the levels of 5-HIAA and NE in the
amygdala of brain after CRST. In addition, the enhancement of MHPG
level in the amygdala of 0.5% GORZ treated mice also supported its
anxiolytic mechanism without stress. In human society, anxiety is
highly prevalent among young people, and rice is one of the most im-
portant staple foods. Therefore, to model the anxiety-related problems
in young (school age) people, we used 5-week-old mice in the current

study. However, future studies using similar experimental approaches
in adult and old mice to confirm the present results will be beneficial.

The findings of this study suggest that 0.5% GORZ effectively re-
duces anxiety-like behaviors, and activation of serotonergic and nor-
epinephrinergic systems plays a key role in mediating the antianxiety-
like responses.

5. Conclusion

In summary, the present study indicated that 0.5% GORZ exerted a
therapeutic effect on CRST evoked anxiety that is accompanied by (or
associated with) i) the partial recovery of CRST induced body weight
loss, ii) subsequent potential improvement of the main behavioral
parameters in the OFT and EPM test, iii) slight amelioration of ex-
cessive levels of serum CORT, and iv) enhancement of central mono-
amine neurotransmitters in the amygdala of the brain. Thus, GORZ can
potentially be used as a novel therapy for anxiety-related disorders.
However, further research is needed to clarify the exact molecular
mechanisms underlying its effects and to better understand the neuro-
pathological changes in anxiety.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.lfs.2018.11.042.
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