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INTRODUCTION

Stress-related diseases such as depression represent one 
of the greatest therapeutic challenges in the twenty-fi rst cen-
tury because of a relatively high lifetime prevalence rate and 
a high degree of co-morbidity (Aina and Susman, 2006). De-
pression is a worldwide problem for humans because of its 
substantial association with disabilities (Hill et al., 2012) such 
as sleep disturbances, low self-esteem, guilty feelings, and 
suicidal tendencies (Mackenzie et al., 2012). Thus, depres-
sion is considered a complex disorder and the mechanisms 
underlying its pathogenesis remain unclear. The severity of 
helplessness in depression is frequently combined with symp-
toms of anxiety (Evans et al., 2012) and, in fact, the manifesta-

tion of pure depression hardly appears without symptoms of 
anxiety (Mackenzie et al., 2012). Chronic exposure to stress-
ful life events is an established and important risk factor for 
the development and maintenance of many psychological or 
helpless conditions in humans including major depression and 
anxiety (Uliaszek et al., 2010). It is also known that such dis-
eases induce long-lasting deleterious effects on brain function 
(Anisman and Matheson, 2005).       

Chronic stress results in a dysregulation of the hypothalam-
ic-pituitary-adrenal (HPA) axis in the neuroendocrine system 
as evidenced by observations that the elevation of circulating 
corticosterone (CORT) levels disrupts the circadian regulation 
of CORT secretion as well as the glucocorticoid (GC) recep-
tor-negative feedback circuit (Steiner et al., 2008). Activation 
of the HPA axis by high-dose CORT administration is associ-
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Previous studies have demonstrated that repeated administration of the exogenous stress hormone corticosterone (CORT) induc-
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ated with the development of psychic-related disorders, such 
as depression (Kutiyanawalla et al., 2011). Many studies have 
shown that the stimulation and sustained action of the HPA 
axis is attenuated via the negative feedback action of circulat-
ing GC following exogenous CORT administration, and this is 
closely associated with the development of psychosomatic dis-
orders, which produce serious changes in affective behavior 
that are indicative of or consistent with depressive-like symp-
toms (Lee et al., 2009; Huang et al., 2011). Previous studies 
have shown that chronic exposure to CORT is causally related 
to depression-like behavioral impairments such as increased 
immobility time during the forced swimming test (FST) (Ago et 
al., 2013). In addition, several animal studies have found that 
chronic stress induces dysfunction of the HPA axis including 
morphological changes in the hypothalamus, hippocampus 
and amygdala (McLaughlin et al., 2007), alterations in a va-
riety of neurotransmitters (Torres et al., 2002), reductions in 
body weight, and alterations in behavior (McLaughlin et al., 
2007). Therefore, chronic CORT-induced physiological stress 
that is the result of HPA axis dysregulation increases depres-
sion- and anxiety-like behavior (Gregus et al., 2005).  

Animal models of depression- and anxiety-like behaviors 
that utilize stressful stimuli are useful for determining the ef-
fi cacy of antidepressant therapeutic candidates during drug 
screening (Dazzi et al., 2005). A number of antidepressant 
medicines have been developed and used clinically for the 
past several decades following basic and clinical studies (Mo-
lina-Hernández et al., 2012). However, most of these drugs 
are not very effective against the wide variety of complex 
depression symptoms, and most are associated with serious 
side-effects (Liebert and Gavey, 2009). Therefore, many stud-
ies suggested that a false positive or negative effect can be 
obtained by enhanced or diminished locomotor activity due to 
psycho-stimulating side-effects of the antidepressants in be-
havioral despair tests (Kwon et al., 2010). Thus, open-fi eld test 
was intended to help exclude these false effects, which could 
infl uence behavioral despair tests. Therefore, much attention 
has been given to the use of naturally occurring compounds 
and their formulations as alternative therapeutic agents for the 
treatment of different psychosomatic disorders including de-
pression and anxiety (Deligiannidis and Freeman, 2010). 

Green tea is an extremely popular beverage worldwide 
and has been found to have antidepressant effects (Niu et al., 
2009; Zhu et al., 2012). Fresh green tea leaves are particu-
larly rich in catechin (CTN) which constitutes 30-45% of solid 
green tea extract (Tanaka et al., 2009). In addition, CTN is a 
major, abundant fl avonoid present in grape seed and black tea 
(Yilmaz and Toledo, 2004). It exhibits multiple physiological 
and biological properties and a number of studies have exam-
ined the antioxidant, antibacterial, antifungal, and anti-infl am-
matory properties of CTN using a variety of assay systems, 
which have indicated its potential value for medicinal use (Li et 
al., 2009). Several studies using a rat model of ischemic reper-
fusion injury have shown that the administration of CTN may 
regulate the infl ammation response via nuclear factor-kappa 
B (NF-κB) activation (Ashafaq et al., 2012). Additionally, CTN 
has been shown to prevent spatial learning and memory defi -
cits via the decrease of β-amyloid (Aβ)1-42 oligomers and the 
upregulation of synaptic plasticity-related proteins in the hip-
pocampi of mice (Li et al., 2009). Although a brief report on the 
anti-infl ammatory activity and neuroprotective effects of CTN 
was published (Mandel et al., 2006; Burckhardt et al., 2008), 

it is currently unknown exactly whether CTN can improve the 
depression- and anxiety-like symptoms induced by repeated 
CORT injections in rats. Thus far, investigations of the me-
dicinal effects of green tea, have focused on the cumulative 
activity of several compounds in green tea rather than that of 
a single compound (Dal Belo et al., 2011). In addition, most 
studies have evaluated the different synergistic bioactivities of 
all compounds present in tea extracts or have been focused 
mainly on the role of (-)- epigallocatechin-3-gallate (EGCG; 
Chen et al., 2010). Therefore, the present study was designed 
to elucidate the individual antidepressant effects of the com-
pound CTN. 

The aim of the present study was to investigate the me-
dicinal impacts of CTN on chronic stress-induced depres-
sion- and anxiety-related symptoms in an animal model using 
behavioral and neurobiological methodologies. To this end, 
using the forced swimming test (FST) and elevated plus maze 
(EPM) tests, the administration of CTN was evaluated for its 
effi cacy in alleviating depression- and anxiety-like behavior 
in rats that were repeatedly exposed to exogenous CORT. In 
addition, the underlying neurobiological mechanism of these 
behaviors was investigated through an evaluation of central 
noradrenergic system following repeated CORT injections.

MATERIALS AND METHODS

Animals 
Adult male Sprague-Dawley (SD) rats weighing 200-220 

g (6 weeks-old) were obtained from Samtako Animal Co. 
(Seoul, Korea). The rats were housed in a limited access ro-
dent facility with up to fi ve rats per polycarbonate cage. The 
room controls were set to maintain the temperature at 22 ± 
2oC and the relative humidity at 55 ± 15%. Cages were lit by 
artifi cial light for 12 h each day. Sterilized drinking water and 
standard chow diet were supplied ad libitum to each cage dur-
ing the experiments. The animal experiments were conducted 
in accordance with the National Institutes of Health Guide for 
the Care and Use of Laboratory Animals (NIH Publications No. 
80-23), revised in 1996, and were approved by the Kyung Hee 
University Institutional Animal Care and Use Committee. All 
animal experiments began at least 7 days after the animals 
arrived.

Experimental groups  
This study was designed to explore the effi cacy of CTN 

administration for healing repeated CORT-induced depres-
sion- and anxiety-like behavior in an animal model using be-
havioral and neurobiological methodologies. The rats were 
randomly divided into six groups of six to seven individuals 
each as follows: vehicle saline-injected group, instead of 
CORT (0.9% NaCl, s.c., SAL group, n=6), CORT-injected and 
non-treated group (40 mg/kg, s.c., CORT group; n=7), CORT-
injected plus 10 mg/kg CTN-treated group (CORT+CTN10 
group; n=6), CORT-injected plus 20 mg/kg CTN-treated group 
(CORT+CTN20 group; n=6), CORT-injected plus 40 mg/kg 
CTN-treated group (CORT+CTN40 group; n=6), and CORT-
injected plus 10 mg/kg fl uoxetine-treated group (CORT+FLX 
group as a positive control, n=6). Corticosterone (Sigma-Al-
drich Chemical Co., St Louis, MO, USA), which was dissolved 
in absolute ethanol and subsequently diluted in water to the 
fi nal concentration of 10% ethanol, was administrated by sub-
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cutaneously (s.c) in a volume of 5 ml/kg once daily for 21 days 
(Huang et al., 2011; Yi et al., 2012). CTN and fl uoxetine (FLX) 
were purchased from Sigma-Aldrich Chemical Co. (St. Louise, 
MO, USA). CTN and FLX were administrated by intraperitone-
ally (i.p.) 1 h prior to the CORT injection for 21 days. As a ve-
hicle control, animals in the SAL group were subcutaneously 
given the equivalent volumes in saline to the fi nal concentra-
tion of 10% ethanol in a volume of 10 ml/kg. The SAL group 
and CORT group also received saline instead of CTN as a 
vehicle control in an equal volume for a period of 21 days. This 
CORT dose was selected because it induces serum levels of 
the steroid comparable to those elicited by substantial stress 
(Lee et al., 2012). The CORT and vehicle injections were 
given in the morning between 9 and 10 am once daily for 21 
consecutive days. All drugs were freshly prepared right before 
every experiment. 

The following parameters were measured to monitor the 
effects of the development of psychosomatic disorders by ex-
ogenous CORT administration: changes of body weight gains 
(at the beginning step of exogenous CORT administration), 
and serum CORT levels (after repeated CORT-induced de-
pression- and anxiety-like symptoms). Behavioral testing for 
depression- and anxiety-like behavior was done 24 h after the 
end of the chronic physiological stress protocol. All rats se-
quentially performed to take the EPM on the 22th day after 
repeated CORT injection, and to take the FST test on the 23th 
day after repeated CORT injection. After the behavioral test-
ing and body weighting, rats were sacrifi ced and brain tissues 
were immediately collected for experiments or stored at -70oC 
for later use.

Measurement of sucrose intake 
For the sucrose intake test, rats were trained to consume 

1% sucrose solution prior to the start of the experiment. They 
were exposed to 1% sucrose solution for 48 h period in their 
home cages without any food or water available. Prior to each 
test, rats were food and water deprived for 10 h. Two bottles, 
one fi lled with 1% sucrose solution and the other with water 
were used. Placement of the bottles with sucrose vs. water 
was randomized across the test. Sucrose and water con-
sumption was measured for the period of 1 h by weighing pre-
weighed bottles at the end of the test. Sucrose preference was 
measured by calculating the proportion of sucrose consump-
tion out of total consumption of liquid and was recorded once 
three days during the experiment for 21 consecutive days.   

Corticosterone (CORT) analysis
Animals were killed by decapitation one day after behav-

ioral measurements. Blood samples were collected for the 
determination of serum CORT levels. For this, the unanesthe-
tized rats were rapidly decapitated, and blood was quickly col-
lected via the abdominal aorta. Blood was centrifuged at 4,000 
g for 10 min, and serum was collected and stored at -70oC 
until use. The CORT concentration was measured by a com-
petitive enzyme-linked immunoassay (ELISA) using a rabbit 
polyclonal CORT antibody (OCTEIA Corticosterone kit; Alpco 
Diagnostics Co., Windham, NH, USA) according to the manu-
facturer’s protocol. Samples (or standard) and conjugate were 
added to each well, and the plate was incubated for 1 h at 
room temperature without blocking. After wells were washed 
several times with buffers and proper color developed, the op-
tical density was measured at 450 nm using an ELISA reader 

(MutiRead 400; Authos Co., Vienna, Austria). 

Forced swimming test (FST)
Forced swimming test, a representative behavioral test for 

depression, is frequently used to evaluate the activities of po-
tential antidepressant drugs in rodent models. Forced immer-
sion of rats in water for an extended period produces a charac-
teristic behavior of immobility. The antidepressant treatments 
decrease the immobility behavior accompanying with an in-
crease in the escape responses such as climbing and swim-
ming. A transparent Plexiglas cylinder (20 cm diameter×50 cm 
height) was fi lled up to a depth of 30 cm with water at 25oC. 
At this depth, rats could not touch the bottom of the cylinder 
with their tails or hind limbs. On day 22, the rats in all groups 
were trained for 5 min by placing them in the water-fi lled cyl-
inder. On day 23, animals were subjected to 5 min of forced 
swim, and escape behaviors (climbing and swimming) were 
determined. The duration of immobility was scored during the 
5 min test period. The animals’ behavior was continuously 
recorded by experimenter-manual scoring during the testing 
session with an overhead video camera to tape behavior for 
later manual scoring. All of the behavioral scoring was done by 
a single trained rater, blind to experimental conditions. Several 
test sessions, chosen at random, were scored a second time 
by this rater to determine test-retest reliability, as previously 
described (Liu et al., 2012). The scorer would rate the rat’s 
behavior as one of the following three behaviors. Immobility 
behavior was calculated as the length of time in which the ani-
mal did not show escape responses (e.g., total time of the test 
minus time spent in climbing and swimming behaviors). The 
rats were judged to be immobile when it remained in the wa-
ter without struggling and was making only those movements 
necessary to keep its head above water. Climbing behavior 
was defi ned as upward-directed movements of the forepaws 
alone the side of the swim chamber and swimming behavior 
was considered as movements throughout the swim cham-
ber including crossing into another quadrant. After the test, 
the rat was removed from the tank, dried with a towel and 
placed back in its home cage. The water in the swim tank was 
changed between rats. 

Elevated plus maze test (EPM)
The EPM test is a widely used behavioral test to assess 

anxiogenic or anxiolytic effects of pharmacological agents. 
Animals conduct anxiety-like behaviors usually show the re-
ductions both in the number of entries and in the time spent in 
the open arms, along with an increase in the amount of time 
spent in the closed arms in the EPM. The elevated plus test 
was conducted. This apparatus consisted of two open arms 
(50×10 cm each), two closed arms (50×10×20 cm each) and 
a central platform (10×10 cm), arranged in a way such that the 
two arms of each type were opposite to each other. The maze 
was made from black Plexiglas and elevated 50 cm above the 
fl oor. Exploration of the open arms was encouraged by testing 
under indirect dim light (2×60 W). 

At the beginning of each trial, animals were placed at the 
centre of the maze, facing a closed arm. During a 5 min test 
period, the following parameters were recorded: 1) number 
of open arm entries, b) number of closed arm entries, c) time 
spend in open arms, and d) time spent in closed arms. En-
try by an animal into an arm was defi ned as the condition in 
which the animal has placed its four paws in that arm. The 
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maze was cleaned with alcohol after each rat had been tested. 
The behavior in the maze was recorded using a video camera 
mounted on the ceiling above the center of the maze and re-
layed to the S-MART program (PanLab, Barcelona, Spain). 
Anxiety reduction, indicated by open arm exploration in the 
EPM, was defi ned as an increase in the numbers of entries 
into the open arms relative to total entries into either open or 
closed arm, and an increase in the proportion of time spent in 
the open arms relative to total spending time in either open or 
closed arm. Total arm entries were also used as indicators of 
changes in locomotor activities of the rats. 

Open fi eld test 
Prior to forced swimming test, the rats were individually 

housed in a rectangular container that was made of dark poly-
ethylene (60×60×30 cm) to provide best contrast to the white 
rats in a dimly lit room equipped with a video camera above 
the center of the room, and their locomotor activities (animal’s 
movements) were then measured. The locomotor activity 
indicated by the speed and the distance of movements was 
monitored by a computerized video-tracking system using S-
MART program (PanLab Co., Barcelona, Spain). After 5 min 
adaptation, the distance they traveled in the container was 
recorded for another 5 min. The locomotor activity was mea-
sured in centimeters. The fl oor surface of each chamber was 
thoroughly cleaned with 70% ethanol between tests. The num-
ber of line crossing (with all four paws) between the squares 
area was recorded for 5 min.  

Immunohistochemistry of corticotrophin-releasing factor 
(CRF) and tyrosine hydroxylase (TH) 

For immunohistochemical studies, the three rats in each 
groups were deeply anesthetized with sodium pentobarbital 
(80 mg/kg, by intraperitoneal injection) and perfused through 
the ascending aorta with normal saline (0.9%) followed by 
300 ml (per rat) of 4% paraformaldehyde in 0.1 M phosphate-
buffered saline (PBS). The brains were removed in a ran-
domized order, post-fi xed over-night, and cryoprotected with 
20% sucrose in 0.1 M PBS at 4oC. Coronal sections 30 μm 
thick were cut through hypothalamus and locus coeruleus 
(LC) using a cryostat (Leica CM1850; Leica Microsystems 
Ltd., Nussloch, Germany). The sections were obtained ac-

cording to the rat atlas of Paxinos and Watson (Paxinos and 
Watson, 1986). The sections were immunostained for CRF 
and TH expression using the avidin-biotin-peroxidase com-
plex (ABC) method. Briefl y, the sections were incubated with 
primary goat anti-CRF antibody (1:500 dilution; Santa Cruz 
Biotechnology Inc., California, CA, USA) and sheep anti-TH 
antibody (1:2000 dilution; Chemicon International Inc., Tem-
ecular, CA, USA) in PBST (PBS plus 0.3% Triton X-100) for 
72 h at 4oC. The sections were incubated for 120 min at room 
temperature with secondary antibody. The secondary anti-
bodies were obtained from Vector Laboratories Co. (Burlin-
game, CA, USA) and diluted 1:200 in PBST containing 2% 
normal serum. To visualize immunoreactivity, the sections 
were incubated for 90 min in ABC reagent (Vectastain Elite 
ABC kit; Vector Labs. Co., Burlingame, CA, USA), and incu-
bated in a solution containing 3,3'-diaminobenzidine (DAB; 
Sigma-Aldrich Chemical Co., St. Louis, MO, USA) as the 
chromogen. The sections were incubated in PBS containing 
0.3% hydrogen peroxide for 1 min to block endogenous per-
oxidase activity. Finally, the tissues were washed in PBS, fol-
lowed by a brief rinse in distilled water, and mounted individ-
ually onto slides. Images were captured using the AxioVision 
3.0 imaging system (Carl Zeiss, Inc., Oberkochen, Germany) 
and processed using Adobe Photoshop (Adobe Systems, Inc., 
San Jose, CA, USA). The sections were viewed at 40× or 100× 
magnifi cation, and the numbers of CRF and TH labeled cells 
was quantifi ed in the hypothalamus and LC. CRF- and TH-la-
beled cells were counted by an observer blinded to the experi-
mental groups. Counting the immunopositive cells were performed 
within the square (400×400 μm), anatomically localized in hy-
pothalamus and LC sections per rat brain according to the 
stereotactic rat brain atlas of Paxinos and Watson (Paxinos 
and Watson, 1986). To detect CRF and TH-positive labeled 
cells, we used only hypothalamus and LC areas encircled 
with defi ned square in Fig. 1, 2. The background intensity 
of the hypothalamus and LC regions was captured and its 
mean and standard deviations (STD) were calculated. Immu-
nohistochemistry analysis of tissue samples from 3 different 
animals was enough to show the changes of protein markers 
at molecular levels, as published in our previous studies (Lee 
et al., 2012). The counted sections were randomly chosen 
from equal levels of serial sections along the rostral-caudal 

Fig. 1. Effects of CTN administration on the mean number of cortico-
trophin-releasing factor (CRF) expression in the paraventricular nucle-
us (PVN) of the hypothalamus. Representative photographs and the 
relative percentage values are indicated in (A) and (B), respectively. 
**p<0.01 vs. SAL group, #p<0.05 vs. CORT group.

Fig. 2. Effects of CTN administration on the mean number of tyrosine 
hydroxylase (TH) expression in the locus coeruleus (LC). Representa-
tive photographs and the relative percentage values are indicated in 
(A) and (B), respectively. **p<0.01 vs. SAL group; #p<0.05 vs. CORT 
group.
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axis. The stained cells of which intensities were reached to 
a defi ned value above the background were only consid-
ered as immunopositive cells. Distinct brown spots indicat-
ing CRF- and TH-immunopositive cells were observed in the 
hypothalamus and LC. The differences of brightness and 
contrast among raw images were not adjusted to exclude 
any possibility of subjective selection of the immunoreactive 
cells. 

Statistical analysis
All measurements were performed by an independent in-

vestigator blinded to the experimental conditions. Results in 
fi gures are expressed as mean ± standard error of means (SE). 
Differences within or between normally distributed data were 
analyzed by analysis of variance (ANOVA) using SPSS (Ver-
sion 13.0; SPSS, Inc., Chicago, IL, USA) followed by Tukey’s 
post-hoc test. Statistical signifi cance was set at p<0.05. 

For statistical analysis of body weight gain was assessed 
using a one-way ANOVA with a repeated-measure factor of 
sessions (number of days) followed by the appropriate Tukey’s 
post-hoc analysis. Behavioral data, immunohistochemical data 
and CORT concentration analysis were also analyzed by one-
way ANOVA followed by Tukey’s post-hoc test.  

RESULTS

Eff ects of CTN on CORT-induced body weight loss and in-
crease of serum CORT levels

Rats exposed to the repeated administration of exogenous 
CORT begin to lose body weight on the fi rst day of CORT in-
jections and this body weight loss is sustained for a prolonged 
period of time without restoration and is even exacerbated 
in some cases (Lee et al., 2012). In the present study, body 
weight was evaluated daily for 21 days to identify whether the 
repeated administration of CORT (CORT group) would result 
in body weight loss (difference between daily weights and 
starting weight; Fig. 3A). Analysis of the body weight values 
revealed a signifi cant gradual reduction of body weight gain 
over 21 days in the CORT group relative to control rats (SAL 
group). During this period, rats treated with 20 or 40 mg/kg 
CTN exhibited a signifi cant inhibition of the reduction in body 
weight gain compared to the CORT group (p<0.05 on day 14 
in the CORT+CTN20 group; p<0.01 on days 13, 17, 18, 19, 20 
and 21 in the CORT+CTN40 group). 

Additionally, the serum CORT levels were measured in each 
group following the repeated administration of CORT for 21 
days. ELISA analysis revealed that CORT administration over 
21 days signifi cantly increased serum CORT concentrations 
by 205% compared to saline-treated rats (Fig. 3B; p<0.05). 
This indicates that repeated CORT injections were suffi ciently 
stressful despite the evoked CORT response (physiological 
response) to repeated CORT injections being signifi cantly 
greater than the response to a single CORT injection (data 
not shown). In these results, the exogenous CORT-induced 
depression-like symptoms were exploited to develop a chronic 
stress model in rats. Daily administration of CTN slightly inhib-
ited the exogenous CORT-induced increase of serum CORT 
levels compared to the CORT group, although the fi ndings 
were only minimally signifi cance. 

Eff ects of CTN on CORT-induced reductions in consumed 
sucrose intake

In the present study, sucrose intake was examined once 
every three days over 21 days to identify whether the repeat-
ed administration of CORT resulted in differences in the con-
sumption of a sucrose solution compared to saline-treated rats 
(Fig. 4). The analysis of sucrose intake revealed a signifi cant 

Fig. 3. Effects of CTN administration on body weights gain (A) and 
blood levels of corticosterone (B) of the rats under chronic CORT 
injection for 21 consecutive days. *p<0.05, **p<0.01, ***p<0.001 vs. 
SAL group, #p<0.05, ##p<0.01 vs. CORT group. 

Fig. 4. Effects of CTN administration on sucrose intake of the rats 
under chronic CORT injection for 21 consecutive days. **p<0.01, 
***p<0.001 vs. SAL group, #p<0.05, ##p<0.01 vs. CORT group. 
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gradual reduction in consumed sucrose intake over 21 days in 
the CORT group compared to the SAL group (p<0.01 on days 
16 and 21; p<0.001 on day 19). During this period, rats treated 
with 40 mg/kg of CTN exhibited a signifi cant inhibition of the 
reduction in consumed sucrose intake compared to the CORT 
group (p<0.05 on days 19 and 21). 

Eff ects of CTN on CORT-induced depression-like behaviors
Rats subjected to the repeated administration of exoge-

nous CORT for 21 days exhibited a signifi cant depression-like 
phenotype, characterized by increased an increased duration 
of immobility during the FST compared to saline-treated con-
trols (Fig. 5). Rats in the CORT group exhibited more immobil-
ity during the FST compared to the SAL group (p<0.05; Fig. 
5A). However, rats in the CORT+CTN40 group displayed a 
signifi cant decrease in durations of immobility during 5 min in 
the FST compared to CORT group (p<0.05), indicating that 
the administration of 40 of mg/kg CTN decreases depression-
like behaviors. Another key behavior, climbing behavior was 
also analyzed. Rats in the CORT group exhibited a signifi -
cant decrease in climbing behavior during the FST relative 
to the SAL group (p<0.01; Fig. 5B). Furthermore, compared 
with the CORT group, rats in the CORT+CTN20 (p<0.01) 
and CORT+CTN40 (p<0.05) groups exhibited a signifi cant 
restoration of climbing behavior time during 5 min in the FST. 
This indicates that CORT administration signifi cantly restores 
depression-like despair behaviors. However, repeated admin-
istration of exogenous CORT over 21 days did not induce sig-
nifi cant differences in swimming behaviors among the groups 
during the FST (Fig. 5C). These results reveal that the recov-
ery of climbing behavior and the reduction in immobility dur-

ing depression-like behaviors in the CORT+CTN40 group was 
almost comparable to those of the CORT+FLX group. 

Eff ects of CTN on CORT-induced anxiety-like behaviors
The effects of CTN administration on anxiety-like behav-

iors, characterized by decreases in open-arm exploration in 
the EPM test, were also investigated (Fig. 6). Post-hoc com-
parisons revealed a signifi cant decrease in the percentage 
of time spent by rats in the open arms of the maze following 
the repeated administration of exogenous CORT for 21 days 
compared to the saline-treated rats (p<0.05). However, com-
pared to the CORT group, rats in the CORT+CTN40 group 
exhibited a slightly increased restoration of the percentage 
of time spent in open arms of the maze, which was formerly 
decreased by CORT-induced anxiety-like behaviors, although 
the fi ndings were only minimally signifi cant (Fig. 6A). Similarly, 
post hoc comparisons revealed a signifi cant decrease in the 
number of entries into the open arms of the maze after the 
repeated administration of exogenous CORT for 21 days com-
pared to the SAL group (p<0.01). Rats in the CORT+CTN40 
group also exhibited a signifi cant restoration in the number 
of entries into the open arms of the maze compared to the 
CORT group (p<0.05; Fig. 6B). Because no signifi cant differ-
ences appeared in the number of closed-arm entries between 
groups in the EPM test, the observed anxiety-like behaviors of 
the rats receiving repeated CORT injections are likely not at-
tributable to differences in their locomotor activities (Fig. 6B). 
CTN administration without the prior repeated administration 
of exogenous CORT did not elicit anxiolytic or anxiogenic be-
havior in this study. These results reveal that the increase in 
the number of entries into the open arms of the maze by the 

Fig. 5. Effects of CTN administration on immobility time (A), climbing 
behavior (B) and swimming behavior (C) in forced swimming test dur-
ing chronic CORT injection. *p<0.05, **p<0.01 vs. SAL group; #p<0.05, 
##p<0.01 vs. CORT group. 

Fig. 6. Effects of CTN administration on the percentage of time spent 
on open and closed arms (A) and the numbers of entries into open 
and closed arms (B) in the elevated plus maze during chronic CORT 
injection. *p<0.05, **p<0.01 vs. SAL group, #p<0.05 vs. CORT group. 
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CORT+CTN40 group was almost comparable to those of the 
CORT+FLX group. 

Eff ects of CTN on CORT-induced motor functions or explo-
ratory behaviors 

Open-fi eld activity was used to evaluate locomotor activ-
ity and exploratory behavior among the rats receiving CORT 
injections for 21 days (Fig. 7). No signifi cant differences ap-
peared in locomotor activity (motor function) in the open-fi eld 
test among groups. However, rats receiving CORT injections 
displayed a signifi cant decrease in the total number of line 
crossings compared to the SAL group (p<0.01). This fi nding 
suggests that CORT-treated rats subsequently produce ex-
ploration activities that are closely associated with anxiety-like 
behaviors in the open-fi eld test. However, CTN-treated rats 
(40 mg/kg) displayed a signifi cant increase in the total number 
of line crossings compared to the CORT group (p<0.05), indi-
cating that anxiety-like behaviors in the CORT+CTN40 group 
was almost comparable to those of the CORT+FLX group. 

Eff ects of CTN on CORT-induced CRF- and TH-like immu-
noreactivities 

Following the behavioral tasks, CRF-like immunoreactiv-
ity was analyzed in the cell bodies of various hypothalamic 
regions including the paraventricular nucleus (PVN; Fig. 1A). 
The numbers of CRF-immunoreactive fi bers in the PVN of the 
CORT group were increased by 207%. Analysis of the num-
bers of CRF-immunoreactive neurons values revealed that 
rats receiving repeated administration of exogenous CORT 
exhibited a signifi cant increase of CRF expression compared 
to the SAL group (p<0.01; Fig. 1B). The number of CRF-im-
munoreactive neurons was signifi cantly decreased in the PVN 
region of the CORT+CTN40 group compared to the CORT 
group (p<0.05). This fi nding suggests that the increased 
CRF-immunoreactivity induced by the repeated administra-
tion of exogenous CORT was signifi cantly restored by CTN 
administration and that the number of CRF-immunopositive 
neurons in the CORT+CTN40 group was closely associated 
with that in the CORT+FLX group (p<0.05). TH-like immuno-
reactivity was also analyzed in adrenergic regions including 
the LC (Fig. 2A). The numbers of TH-immunoreactive fi bers 
in the LC of the CORT group increased to 168%. Analysis of 
the numbers of TH-immunoreactive neurons values revealed 

that rats repeatedly exposed to exogenous CORT exhibit a 
signifi cant increase of TH expression compared to the SAL 
group (p<0.01; Fig. 2B). The number of TH-immunoreactive 
neurons signifi cantly decreased in central adrenergic re-
gions of the CORT+CTN40 group relative to the CORT group 
(p<0.05). This fi nding indicates that the increase in the num-
ber of TH-immunoreactive neurons in rats repeatedly treated 
with exogenous CORT was signifi cantly restored by CTN ad-
ministration.

DISCUSSION

These results clearly demonstrate that the repeated ad-
ministration of CTN prior to CORT injection signifi cantly de-
creases the duration of immobility in the FST and increases 
open-arm exploration in the EPM. It is likely that these be-
havioral effects are based on a modulation of hypothalamic 
CRF activity and the noradrenergic system within the central 
nervous system. Thus, the current results support the possi-
bility that CTN has antidepressant and anxiolytic effects. The 
dose-dependent activity of CTN (10, 20, or 40 mg/kg) was 
examined, and a dose of 40 mg/kg was the most effective in 
inhibiting chronic CORT-induced harmful effects in the FST 
and EPM tests, which include depression- and anxiety-like be-
havior. The optimum dose determined in this study has been 
shown in a previous study (Ashafaq et al., 2012).

Previous studies on the emotional effects of chronic CORT 
injections in rodents have produced controversial results 
(Roozendaal et al., 2006). Several reports have demonstrated 
that administration of the exogenous stress hormone CORT 
increases the probability of depression-like behavior, which is 
consistent with the present results (Lee et al., 2009; Huang 
et al., 2011). In addition, when measured immediately after 
behavioral testing, a gradual decrease in body weight gain 
and an increase in serum CORT levels was observed indicat-
ing that the chronic CORT injections were suffi ciently stressful 
(Lee et al., 2012). Many studies have been shown that chronic 
administration of high-dose CORT increased serum CORT 
concentrations in the rats, in line with chronic stress models 
(Wüppen et al., 2010). Accordingly, in animal models, forced 
sustaining of high CORT levels can affect animal depression-
like symptom under experimental conditions, and this might 
be closely associated with the progression or exacerbation 
of chronically stressful conditions in humans (Wüppen et al., 
2010). The administration of CTN signifi cantly restored body 
weight and decreased the serum CORT levels in the late 
period of CTN administration, suggesting that this therapy 
inhibited the HPA axis-associated psychological dysfunction 
induced by repeated CORT injections. Our results may help to 
explain that administration of CTN may affect the hypothala-
mus to received biochemical and behavioral signals induced 
by reduced CORT level in serum. Thus, it can be suggested 
that the administration of CTN may modulate the dysregula-
tion of HPA axis, which means administration of CTN could 
infl uence endogenous CORT levels in the CNS, thereby nor-
malizing behavioral and neurochemical response. The reduc-
tions in behavioral activity and sucrose consumption, which 
are typically observed in depression, might be due to a dys-
regulation of the HPA axis following the artifi cial injection of 
CORT (Sigwalt et al., 2011). This theory has been supported 
by several studies in which elevated levels of CORT result in 

Fig. 7. Effects of CTN administration on activity counts of locomotor 
activity and total number of line crossing in the open-fi eld test during 
chronic CORT injection. **p<0.01 vs. SAL group, #p<0.05, ##p<0.01 vs. 
CORT group. 
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an alteration of HPA axis activity that affects behavioral activity 
and sucrose consumption (Liu et al., 2012). The administra-
tion of CTN prior to CORT injection also increased sucrose 
consumption, as compared to rats in the CORT-treated control 
group, suggesting that the administration of CTN counteracts 
chronic CORT-induced depressive symptoms. 

Furthermore, the current results are consistent with previ-
ous fi ndings showing that repeated CORT injections decrease 
immobility during the FST (Yi et al., 2012). Here, the admin-
istration of CTN signifi cantly decreased immobility and also 
increased climbing behaviors during the FST but there was 
no effect on swimming, which confi rms an antidepressant-like 
activity that does not result in defi cits in motor function (Lee 
et al., 2009; Yi et al., 2012). The FST is a valuable and reli-
able behavioral research model of depression in rodents and 
is also an important tool with which to study the neurobiologi-
cal mechanisms involved in antidepressant responses (Cryan 
and Holmes, 2005). The observed immobility behavior in the 
FST is similar to a state of lowered mood or helplessness and 
may be considered analogous to depression in humans (Cry-
an and Holmes, 2005). Although the FST provides information 
about mood (i.e., depression) in rodents, it is important to use 
caution when extrapolating the data to humans (Anisman and 
Matheson, 2005). Nonetheless, these data support the pos-
sibility that CTN might have antidepressant effects.

Anxiety is another complex feature of depression and the 
presence of anxiety-like symptoms in chronically stressed 
animals should not be surprising. Many studies have sug-
gested that stressed rats show decreases in the proportion 
of time spent and number of entries into the open arms of the 
EPM compared with a non-stressed normal control (Waters 
and McCormick, 2011). Although the EPM test is based on an 
aversive context, confl ict, and the subsequent movement of 
an animal between an open and illuminated environment, the 
test includes two additional anxiety-provoking environmen-
tal parameters; height and open area (Fan et al., 2009). In 
the present study, the administration of CTN prior to chronic 
CORT injections signifi cantly reduces anxiety-like behaviors 
in the EPM test, as indicated by an increase in the number of 
entries in open arms. Thus, these results suggest that CTN 
has anxiolytic activity (Waters and McCormick, 2011). 

An open-fi eld test was also performed to rule out any con-
founding motor impairments that can infl uence outcomes in 
many behavioral tests of depression or anxiety (Kokras et 
al., 2012). No signifi cant individual differences in locomotor 
activity were observed between groups, suggesting that the 
administration of CTN had no effect on sensorimotor perfor-
mance. However, the administration of CTN prior to chronic 
CORT injections signifi cantly reduces anxiety-like behaviors, 
as indicated by an increase in total number of line crossing in 
open-fi eld test. Accordingly, these results suggest that the ob-
served increase of total number of line crossing in open-fi eld 
test is similar to observed changes in behavioral performance 
in the EPM test, which these results were likely due to anxio-
lytic activity. 

Previous studies have shown that the hypothalamic CRF 
system is involved in the regulation of HPA axis hyperactivity 
as well as the depression- and anxiety-like behaviors induced 
by chronic CORT injections (Sevgi et al., 2006). The current 
data suggest that the CRF circuits in the PVN of the hypothal-
amus are activated by chronic CORT injections, which lead to 
the observed depressive- and anxiety-like activity in the be-

havioral tests (Lee et al., 2009). These results show that the 
administration of CTN signifi cantly blocks the increase in CRF 
immunoreactivity in the PVN. It is thought that hypothalamic 
CRF then suppresses depression- and anxiety-like behaviors 
by inducing the production of peripheral antidepressive and 
anxiolytic mediators from central sites in the PVN within the 
hypothalamus (Surget et al., 2008). This suggests that antide-
pressive and anxiolytic effects following the administration of 
CTN are closely associated with CRF modulation in the PVN 
in the hypothalamus and activation of the HPA axis. 

In the present study, TH immunoreactivity in the LC in re-
sponse to repeated CORT injections was greater in the CORT 
group relative to the SAL group. These results are consistent 
with previous reports that depressive- and anxiety-like behav-
iors induced by chronic stress are the result of alterations in 
the central noradrenergic system (Sevgi et al., 2006). More-
over, these fi ndings demonstrate that the administration of 
CTN signifi cantly reduces TH-like immunoreactivity in the LC 
that was previously activated by chronic CORT injections. TH 
is an enzyme involved in the stress-induced activation of the 
central nervous system and stress-related psychopathological 
conditions such as depression and anxiety (MacGillivray et al., 
2011). The ascending noradrenergic neurotransmitter system 
that primarily originates in the A6 noradrenergic neurons of the 
LC is a major circuit in the central nervous system involved 
in the stress response (Osterhout et al., 2005). Thus, these 
results suggest that administration of CTN might indirectly al-
ter catecholamine synthesis in the brain to produce pharma-
cological effects (Spasojevic et al., 2010). This would mean 
that CTN acts by inhibiting noradrenaline synthesis in the rat 
brain and raises the possibility that an overactive noradrener-
gic system could contribute to depressive symptomology as 
well as the fact that the therapeutic action of antidepressants 
reverses such overactivity via a decrease of TH expression in 
the LC (Park et al., 2010). Some studies have reported that 
immobility and climbing behavior during the FST are associ-
ated with central noradrenergic system activity (Tanaka and 
Telegdy, 2008). Activation of TH in the LC produces depres-
sion, intense anxiety, and the inhibition of exploratory be-
havior (Park et al., 2010). It has been proposed that clinical 
depression or anxiety may be the result of alterations of TH 
activity within the central noradrenergic system (Park et al., 
2010). Thus, the current results suggest that the central nor-
adrenergic system was involved in the antidepressant effect 
of CTN on helpless-like behavior that persists for 21 days 
in rats administered repeated CORT injections. Therefore, 
based on the present observations, a hypothesis concerning 
the mechanisms underlying the behavioral effects of CTN can 
be proposed in which the depression- and anxiety-induced 
behaviors occur via a dysregulation of the HPA axis and the 
neurochemical interactions between CRF and TH in the brain. 

It is also necessary to be aware that other types of CTN and 
even other classes of green tea components may be benefi -
cial to psychosomatic diseases such as depression and anxi-
ety. For example, the potentially benefi cial effects of green tea 
are attributed to CTN compounds, particularly EGCG, which is 
the most abundant and extensively studied CTN compound of 
green tea (Baluchnejadmojarad and Roghani, 2011). The ef-
fective dose of CTN remains to be elucidated, as do whether 
there are any benefi cial effects of fortifi ed foods or supple-
ments (Lin et al., 2010).

In summary, the present study demonstrates that chronic 
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CORT injections signifi cantly increases the duration of im-
mobility in the FST and decreases open-arm exploration in 
the EPM test compared with unstressed normal controls. 
Furthermore, the administration of CTN signifi cantly reduces 
depression- and anxiety-like symptom following repeated ad-
ministration of the exogenous stress hormone CORT, possibly 
via modulation of hypothalamic CRF and the central norad-
renergic system. Together, these fi ndings indicate that CTN 
is capable of ameliorating the complex behaviors and neu-
rochemical responses involved in depression by modulating 
HPA activity. Accordingly, CTN may be a useful therapeutic 
agent in the development of alternative medicines for treating 
stress-related disorders such as depression and anxiety.
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