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INTRODUCTION

Stress is defi ned as a state of threatened homeostasis that 
causes a variety of changes in the central nervous system, 
endocrine, immune systems and in peripheral tissue’s metab-
olism (Kopin, 1995). Stresses are strong physical pressures 
applied to an object. Many stressors exist such as immobi-
lization (Nankova et al., 1996), electric shock (Chida et al., 
2004), pain stress (Oztaş et al., 2004) and cold water stress 
(Feng et al., 2005). Among those stressors, immobilization 
and electric shock are commonly used and they are easy to 
implement. The data on electric shock stress is similar to the 
data on immobilization stress and both elevate the corticos-
terone levels (Van de Kar et al., 1991; Iwasaki-Sekino et al., 
2009) and induce anxiety (Hogg, 1996). In addition, there is a 
stress model using corticosterone as an indirect stressor, and 
corticosterone is known to be as a hormone closely related to 
induced stress (Gregus et al., 2005). Zhao suggested that the 
repeated corticosterone injection paradigm provides a use-
ful, reliable mouse model of stress (Zhao et al., 2008). It was 
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shown that repeated corticosterone injection (20 mg/kg, 40 
mg/kg) for up to 5 weeks increased immobility behavior on the 
forced swim test in a time-dependent manner (Gregus et al., 
2005; Zhao et al., 2008). However, it is not clear whether pro-
longed repeated immobilization stress and foot shock stress 
results in further elevations in circulating glucocorticoid levels 
or if there is some kind of adaptation of corticosterone release 
due to chronic stress.

Lechin and collegues measured the levels of plasma neu-
rotransmitters and hormone levels in order to investigate the 
role of stress on many types of diseases. Noradrenaline, 
adrenaline, dopamine, serotonin, growth hormone and cor-
tisol, which are major stress hormones, were determined 
during both exacerbation and improvement periods (Lechin 
et al., 1994; Wong, 2006). The behavioral and physical re-
sponses to stress are especially initiated by activation of the 
hypothalamic-pituitary-adrenal (HPA) axis, and this results in 
the release of catecholamines and stress hormones such as 
corticosterone from the adrenal glands (McEwen, 2000). This 
commonly includes activation of the neuroendocrine cascade 
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MATERIALS AND METHODS

Animals and chemicals
Sprague-Dawley rats (male, 260-280 g) at 7 weeks of age 

were obtained from Daehan Biolink (Eumsung, Korea). All ro-
dents were maintained on a 12 h light-dark cycle at a constant 
temperature of 24 ± 3oC and they were given lab chow and 
water ad libitum. These rodents were housed in plastic cages 
and they were allowed to adapt to the new environment for 1 
week before use in the experiments. All procedures involving 
rodents were performed according to the guidelines approved 
by the Animal Care and Committee of the School of Medicine, 
Ewha Womans University.

Corticosterone (Sigma-Aldrich, St. Louis, USA) was dis-
solved in dimethyl sulfoxide (DMSO) and then diluted in 0.9% 
saline to reach the appropriate concentration. The fi nal con-
centration of DMSO was 0.1% in saline. These doses were 
selected on the basis of previous experiments (Gregus et 
al., 2005). We assessed the exploratory behavior and neuro-
chemical changes in rats injected with saline or corticosterone 
(20 or 40 mg/kg/day, i.p.) which was administered daily at a 
volume of 1.0 ml/kg at 9:00 AM for 1 day, 1 week, 2 weeks and 
3 weeks, respectively. 

Electric shock stress
Rats received inescapable 5 mA electric shocks from a 300 

volt shock source and the shocks were delivered to the grid 
fl oor by a constant current shocker that used a cycle timer 
(Jungdo BNP, Seoul, Korea). Each stimulation lasted 1s and, 
the shocks were delivered with an intershock interval of 19 s 
for a total of 5 min. The experiments were started at 1 h after 
administration of glucocorticoid. The control group was placed 
in their original cages in an undisturbed home environment, 
which was the same as the stress experimental room.

Anxiety measurement with EPM
The elevated plus maze (EPM) test is a suitable rodent 

model of anxiety and this model has been extensively used in 
the discovery of novel anxiolytic agents and for investigating 
the psychological and neurochemical basis of anxiety (Santar-
elli et al., 2003). The EPM was made of black plexiglass and 
was elevated to 50 cm from the fl oor. The apparatus consisted 
of four arms (50×10 each) positioned at right angles to one an-
other. Two of the arms had 20 cm high walls (enclosed arms) 
and the other arms had no walls (open arms). The illumination 
at the center was adjusted to 50 lux. Each rat was initially 
placed on the central platform and allowed to explore the arms 
for 5 min. The time of entry and staying in the open arms was 
recorded. A home video system was used to track the rats 
and we measured the amount of time spent stationary. Ani-
mals were sacrifi ced 3 h after the last session of stress. After 
decapitation, the brain was removed and each tissue (frontal 
cortex and amygdala) was excised from the brain.

HPLC analysis of glucocorticoid
The concentrations of corticosterone in plasma were deter-

mined by a modifi ed high performance liquid chromatography 
(HPLC) procedure. Trunk blood was obtained to determine the 
corticosterone plasma levels. Corticosterone was extracted 
from plasma with a modifi cation of the method reported by 
Woodward and Emery (Yamano et al., 2004). Corticosterone 
was extracted into 5 ml of diethyl ether-dicloromethane (60:40 

of events whereby ACTH is released into the general circu-
lation to stimulate production and release of glucocorticoids 
from the adrenal cortex. Stress-related sensory information 
is conveyed to the corticotrophin-releasing hormone (CRH) 
secreting neurons in the brain. The CRH directly stimulates 
corticosterone secretion and this is a major product of the 
stress response (Andreis et al., 1991). The amygdala is known 
to play a central function in aversive learning, responses to 
stress, and modulation of memory by stressful experiences 
(Stutzmann and LeDoux, 1999). Restraint stress rapidly and 
selectively increases serotonin release in the central nucleus 
of the amygdala by the activation of CRH receptors (Mo et al., 
2008).

Repeated immobilization stress induces release of corticos-
terone (Yoshihara and Yawaka, 2008). Accumulating evidence 
has suggested that repeated corticosterone injections to male 
rats produce changes in emotional behavior that correspond 
to symptoms of clinical depression (Gregus et al., 2005). In 
addition, corticosterone receptor is involved in the suppres-
sive effects of high levels of corticosterone on the 5-HT1A re-
ceptor-dependent regulation of serotonin’s neuronal activity in 
the rat dorsal raphe nucleus. 

One of the most consistent adaptations is an increase of 
tyrosine hydroxylase (TH) expression in the ventral tegmental 
area after exposure to stress. Tyrosine hydroxylase is consid-
ered to be the rate-limiting enzyme in the synthesis of cate-
cholamine in both the central and peripheral nervous systems. 
Tyrosine hydroxylase activity in the adrenal gland has been 
shown to increase following a number of stresses, including 
immobilization (Kvetnansky et al., 1970) and electroconvulsive 
shock (Masserano et al., 1981). It was reported that immobi-
lization induced a signifi cant reduction of TH activity in brains 
(Gilad and McCarty, 1981). In view of this relatively precise 
knowledge of the anatomy of the catecholamine pathways in 
the brain, many investigators have examined the regulation 
of TH activity within the specifi c catecholamine cell body re-
gions of the brain and in the areas to which they project in 
an attempt to understand the function of the catecholamine 
systems in the CNS and their interactions with other putative 
neurotransmitter systems.

The mitogen-activated protein (MAP) kinase pathway is 
an intracellular signaling cascade that has been implicated in 
learning, memory, immune system and stress (Gourley et al., 
2008; Wu et al., 2008). ERK1/2 has been documented in re-
sponse to certain physiological stimuli, such as ischemia, vis-
ceral pain and electric shock stress. Shen demonstrated that 
restraint stress activates the ERK and MAPK pathways (Shen 
et al., 2004). ERK1/2 phosphorylation has been hypothesized 
to be an intracellular signaling mechanism for mediating anti-
depressant effi cacy in models of depression, yet the support-
ing evidence is largely limited to studies in otherwise naïve 
rodents or in vitro models (Hisaoka et al., 2001; Tiraboschi et 
al., 2004; Fumagalli et al., 2005) despite the evidence from 
postmortem studies of depressed suicide subjects (Dwivedi et 
al., 2006). It is not known if ERK1/2 is involved in reversal of 
the depression-like phenotype by antidepressant administra-
tion and if this is so, whether phosphorylation of both kinase 
isoforms is uniformly regulated throughout the cortico-limbic 
circuits, which have been implicated in depression (Gourley 
et al., 2008). In this experiment, we determined the effect of 
repeated cortocosterone treatment on anxiety and the modu-
lation of TH and pERK expressions in the amygdala.
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v/v) by vortex mixing and immediately centrifuging for 5 min. 
Supernatant was vortex mixed with 1 ml of HPLC-grade wa-
ter. After centrifugation, supernatant (3 ml) was evaporated at 
room temperature under nitrogen. The residue was redisolved 
in 100 ml of methanol water (60:40 v/v). The guard column 
(Symmetry C18, particle size 3.5 μm, column size 2.1×10 
mm; Waters Corp., Milford, MA, USA) was equilibrated using 
HPLC-grade acetonitrile-water (65:35 v/v) at a fl ow rate of 0.4 
ml/min. Separations were done at a temperature of 40oC, in 
a Waters Symmetry C18 column (particle size: 5 μm, column 
size: 2.0×150 mm, Waters Corp., Milford, MA, USA). A Waters 
600-MS system controller was used to fl ush the mobile phase 
and the steroids were assessed with a 486 Waters UV absor-
bance detector (fi tted at 250 nm). The results were analyzed 
using the Maxima 820 Chromatography Workstation, obtained 
from Waters.A series of standards covering the range of 0-50 
μg/dl were used in the daily work. The detection limit of the 
assay for corticosterone was 0.05 μg/dl with using 1 ml of 
sample and a signal to noise ratio of 2:1. This detection limit 
is lower than the levels of corticosterone in adrenalectomized 
rats (0.5 μg/dl).

Statistical analysis
All the values were expressed as means ± standard error 

(SE). The results were subjected to an analysis of the vari-
ance (ANOVA) using the Newman-Keuls multiple comparison 
test. Differences with *p<0.05 and **p<0.01 were considered 
as statistically signifi cant to analyze the difference.

 
RESULTS

Electric shock induced anxiety-like behavior 
Rats were given stress with two different durations of elec-

tric shock, and induction of anxiety was determined by the 
elevated plus maze (EPM) at 2 hr after the fi nal stress. The 

stressed group with electric shock during 10 min for 7 days 
spent signifi cantly less time (p<0.05) in the open arms com-
pared with that of the control group (Fig. 1B), but the stressed 
group with electric shock for 5 min did not show difference of 
spending time in the open arms (Fig. 1A). Therefore, this study 
selected the electric shock period as 10 min to induce anxiety.

Changes of the expression of TH and pERK in the amyg-
dala and frontal cortex after stress

The effect of stress on the expressions of TH and pERK 
in the amygdala and frontal cortex was determined by immu-
noblot analysis at 2 hr after stress given. It was found that 
stress by electric shock for 10 min signifi cantly decreased the 
expression of TH in the amygdala (p<0.01) while the expres-
sion of pERK was increased (p<0.01) (Fig. 2A, B). However, 
there is no difference in the expressions of TH and pERK in 

Fig. 1. The effect of electric shock on the anxiety of rat. Rats were 
individually tested in the elevated plus-maze (EPM) at 2 hr after 
the fi nal stress was administered. Stress was delivered to the rats 
by daily electric shock for 7 days. The current of the shock was 5 
mA, and the duration of shock was 1 s. Shocks were given accord-
ing to an interval schedule, with an average of administering shock 
every 20 sec over a period of 5 min. Each rat was initially placed 
on the central platform and it was left to explore the arms for 5 min. 
The stress protocol consisted of (A) 5 min and (B) 10 min of foot-
shock exposure. The staying time in the open arms was recorded. 
The time spent in the open arms was less for the stressed rats. 
*p<0.05 indicates a signifi cant difference compared with the control 
group (n=7-8 rats/group).

Fig. 2. The effect of repeated electric shock on the expressions 
of TH and pERK in the amygdala (A, B) and frontal cortex (C, D). 
Representative immunoblots of tyrosine hydroxylase (TH) and the 
pERK levels in the rats. Each of the brain tissues of the amygdala 
or frontal cortex was collected at 2 hr after daily electric shock 
to the feet of the rats for 10 min for 7 days. The levels of the TH 
and pERK expressions were examined by Western immunoblot 
analysis. To verify the equality of loading, the immunoblots were 
reexamed with anti GAPDH antibody and ERK antibody. **p<0.01 
indicates a signifi cant difference compared with the control group 
(n=6 rats/group).
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the frontal cortex as compared with those expressions in the 
control (non-stress) group (Fig. 2C, D).

Elevation of corticosterone in the serum after electric 
shock stress

The serum was extracted from the blood which was col-
lected from trunk of rats subjected to electric shock stress at 
2 h after stress (10 min, electric shock) in order to analyze 
the corticosterone using HPLC. The level of corticosterone 
was signifi cantly increased (p<0.05) in the serum of the stress 
group (Fig. 3).

Measurement of anxiety on the EPM test after corticoste-
rone injection

Rats were received corticosterone (20 mg or 40 mg/kg i.p.) 
daily for 1 day, 1 week, 2 weeks or 3 weeks, respectively. The 
time spent in the open arms during the EPM test was signifi -

cantly decreased after 1 week (p<0.05, 20 mg/kg; p<0.01, 40 
mg/kg), 2 weeks (p<0.05, 20 mg/kg) and 3 weeks (p<0.05, 
20 mg/kg; p<0.05, 40 mg/kg), while there was no signifi cant 
difference between the 1-day corticosterone treatment group 
and the control group (Fig. 4). The time spent in open arms 
on the EPM test was 150 sec, 120 sec and 103 sec in the 
control group, the 20 mg/kg corticosterone group and the 40 
mg/kg corticosterone group after 1 week treatment, respec-
tively. Similarly, those were 148 sec, 108 sec and 81 sec af-
ter 2 weeks treatment, while those are 160 sec sec, 110 sec 
and 72 sec after 3 weeks treatment, respectively (Fig. 4). The 

Fig. 3. The level of corticosterone in the serum of the trunk of rats 
subjected to electric shock stress. The serum was separated from 
the blood that was collected 2 h after electric shock stress, and 
corticosterone was measured by using HPLC. *p<0.05 indicates a 
signifi cant difference compared with the control (non-stress) group 
(n=7-8 rats/group).

Fig. 5. The effect of repeated corticosterone administration on the 
expressions of TH and pERK in the amygdala. Representative im-
munoblots show the effects of repeating corticosterone injection on 
the TH and pERK expression levels in the amygdala of rats. Corti-
costerone (20 or 40 mg/kg/day) was administered (i.p.) at a volume 
of 1.0 ml/kg for 2 weeks (A, B) or 3 weeks, respectively (C, D). The 
amygdala was collected 2 hr after the fi nal corticosterone injection. 
*p<0.05, **p<0.01 indicate a signifi cant difference compared with 
each control group (n=6 rats/group).

Fig. 4. The effect of repeated injections of corticosterone on the 
induction of anxiety. Corticosterone (20 or 40 mg/kg/day) was ad-
ministered (i.p.) daily at a volume of 1.0 ml/kg for 1 day, 1 week, 2 
weeks and 3 weeks. The time spent in the open arms was mea-
sured for 5 min. The corticosterone group exhibited reduced explo-
ration of the open arms. Each bar represents the mean ± SEM of 
6 rats. P values for the group comparisons were obtained by one 
way ANOVA followed by the Student Newman Keuls test. *p<0.05, 
**p<0.01 indicates a significant difference compared with each 
control group (n=6 rats/group).



422

Biomol  Ther 20(4), 418-424 (2012)

http://dx.doi.org/10.4062/biomolther.2012.20.4.418

time spent in open arms on the EPM test was signifi cantly 
decreased in a dose-dependent manner after repeated injec-
tions of corticosterone. 

Changes of the expressions of TH and pERK in the amyg-
dala after corticosterone treatment

The expression of TH in the amygdala was reduced follow-
ing repeated corticosterone treatment for 2 weeks (p<0.01, 20 
mg/kg; p<0.05, 40 mg/kg) and 3 weeks (p<0.01, 20 mg/kg, 40 
mg/kg) (Fig. 5). The expression of pERK in the amygdala was 
strongly decreased (p<0.01) following repeated corticosterone 
treatment with 20 mg/kg or 40 mg/kg for 2 weeks, while it was 
recovered with a higher dose of corticosterone (40 mg/kg) in 
the 3-week treatment group.

DISCUSSION

Stress is known to cause structural alterations in central 
nervous system and especially in the brain. The amygdala is 
known to play a central function in aversive learning, respons-
es to stress, and modulation of memory due to stressful expe-
riences (Mo et al., 2008). It is known that TH was expressed in 
the process of responding to stresses (Qian and Kim, 2007). 
It is also shown that the expression of TH in the amygdala 
of the stressed group was signifi cantly decreased while the 
expression of TH was not changed in the frontal cortex after 
applying immobilization and electric shock stress for 1 week 
in our previous experiment (Jang et al., 2011). Therefore, it 
could be understood that the decreased TH expression in the 
amygdala could be a signifi cant marker of stress. Musacchio 
observed that the TH expressions in the frontal cortex were af-
fected by electric shock stress (Musacchio et al., 1969), while 
there is no signifi cant change in the TH and pERK expres-
sions in the frontal cortex after exposing electric shock stress 
in our study. Musacchio observed rats after exposing to elec-
troconvulsive shock twice daily for one week, while our study 
observed rats exposed to electroconvulsive shock once daily 
for one week. Electric shock is usually used as a stressor in 
animal models such as conditioned fear stress (Yamano et 
al., 2004). The 10-min electric shock stress reduced the time 
spent exploring the open arms as an indication of enhanced 
anxiety, while the 5-min shock group did not change the time 
spent in the open-arms compared to that of the control group 
in this experiment. These results suggest that the time dura-
tion of electric shock is an important factor to induce anxiety. 
In this present study, the effect of electric shock on the change 
of anxiety was observed by using the EPM, and the expres-
sions of signal proteins in the amygdala were measured after 
exposing stress. The stress group spent less time in the open 
arms compared to that of the control group, and stress down-
regulated the level of the TH expression in the amygdala but 
not in the frontal cortex. 

Stressor activates the hypothalamus–pituitary–adrenal 
(HPA) axis and this leads to the secretion of stress hormones 
including corticosterone. Corticosterone plays important roles 
in organizing the stress-related response by binding to corti-
costerone receptors in the peripheral tissue and brain (Mitra 
and Sapolsky, 2008). Several recent studies have indicated 
that repeated corticosterone treatment affected animal behav-
ior during the forced-swim test. The repeated corticosterone 
injections increased immobility behavior (depression) during 

the forced-swim test (Zhao et al., 2008). We have verifi ed 
that corticosterone was elevated in the serum after electric 
shock stress. The plasma corticosterone level was elevated 
for several hrs during restraint stress at days 1, 3, 7, 14 and 
21 in rats (Galea et al., 1997). This result suggested that the 
acute and chronic stress caused the secretion of corticoste-
rone into the circulating blood. There is an interesting report 
that daily injections of 40 mg/kg corticosterone in rats for 21 
days led to increased immobility time on a forced-swim test. It 
was suggest that repeated corticosterone injections increase 
the depression-like behavior in a dose-dependent manner 
(Gregus et al., 2005). We also used corticosterone injection 
(20 mg/kg, 40 mg/kg) as a stressor and measured the spent 
time in the open-arms of the EPM and we found the induction 
of anxiety and changes of the expressions of stress-related 
signal proteins. A single day injection of corticosterone did not 
induce anxiety, yet the longer treatment of corticosterone, over 
1 week, induced anxiety in the time-dependent manner. These 
results showed the possibility that corticosterone could be re-
leased during stress and the released corticosterone had a 
positive feedback role for the induction and enhancement of 
anxiety. 

In this study, the effect of corticosterone on the expressions 
of TH and pERK in the amygdala was determined. TH is a rate 
limiting enzyme in the dopamine and noradrenergic systems 
(Glavin, 1985). In animal studies, the expression of TH was 
changed in different brain regions of rodents after repeated 
exposure to stress or corticosterone administration (Rastogi 
and Singhal, 1978). The expression of TH in the amygdala 
was decreased while the expression of TH was not changed in 
the frontal cortex after giving immobilization and electric shock 
stress for 7 days (Jang et al., 2011). The amygdala is com-
posed of several nuclei and they perform different functions. 
The lateral and the basolateral nuclei of the amygdala funnel 
and integrate sensory input from the thalamus, and cognitive 
information from the frontal cortex and hippocampus (Van de 
Kar et al., 1991). The central amygdaloid nucleus is involved 
in behavioral, autonomic and endocrine responses. Activation 
of dopaminergic neurons in the amygdala activates the nor-
adrenergic system in the locus coeruleus and in turn this ac-
tivates sympathetic nerves (Carrasco and Van de Kar, 2003). 
Down-regulation of TH in the amygdala may have an inhibitory 
role on noradrenergic activation in the locus coeruleus, which 
results in decreasing the blood pressure and inhibiting meta-
bolic responses during stress and after stress.

The main purpose of our experiment was to determine 
whether consecutive corticosterone injections have time-
related effects on the expression of TH. We found that the 
decreased level of the TH expression in the amygdala was 
maintained after corticosterone treatment for 2 weeks and 
3 weeks. ERK1/2 phosphorylation is known as intracellular 
signaling that mediates the effi cacy of antidepressant in de-
pressed humans and animal models. However, the support-
ing evidence is largely limited to rodents or in vitro models 
(Hisaoka et al., 2001), and some studies have showed that 
exposure to a stressor induced lower ERK phosphorylation 
in the amygdala (Wu et al., 2008). It has also been observed 
that corticosterone injection signifi cantly decreased the pERK 
expression in the amygdala in our experiment. However, there 
is an inverse dose response relationship of the effect of cor-
ticosterone on the TH expression with 2-week treatment and 
the pERK/ERK expression with 3-week treatment. These re-
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sults suggest that the signal system of TH and pERK/ERK is 
independently regulated by glucocorticoid. Since ERK1/2 is 
common effector of multiple signaling pathways, the phos-
phorylated state of ERK1/2 results from a balance of activat-
ing or inhibiting systems that operate simultaneously. Activa-
tion of ERK requires its phosphorylation by activated MEK, 
and dephosphorylation by a wide variety of protein phopha-
tases is thought to play a crucial role in the control of ERK 
activity (Sweatt, 2001). It is also possible that short-term expo-
sure to glucocorticoid activates phosphatases that can inhibit, 
at some point, the sequential MAPK kinase cascade. It has 
been reported that applying acute electroconvulsive seizures 
induces MAPK phosphatases in the limbic areas of rat (Ko-
dama et al., 2005). The change of pERK expression is not 
always same direction followed by the stress. Experiments in 
rodents show that acute restraint stress increases pERK2 in 
hippocampus and frontal cortex (Meller et al., 2003), whereas 
chronic swim stress decreases pERK2 in these areas (Qi et 
al., 2006).

Interestingly, it was found that short-term and long-term cor-
ticosterone treatment induced different effects on anxiety be-
havior and the expressions of TH and pERK in the amygdala. 
It was found that corticosterone injections for 2 weeks and 3 
weeks suppressed the expression of TH, while a single cor-
ticosterone injection did not change the TH expression (data 
not shown). These results suggested that the treatment period 
of corticosterone is one of important factor to affect the anxiety 
behavior and expression of TH (and pERK) in the amygdala. 
In the stress studies, the expressions of signal proteins were 
affected by the period of stress exposure. For example, the 
TH levels was increased after repeated stress exposure of 
corticosterone subcutaneous implantation for 16 days (Ortiz 
et al., 1995), while no change was noticed after implantation 
of corticosterone for 7 days (Makino et al., 2002). On the other 
hand, the expression of TH was decreased in the locus coe-
ruleus with mild stress given for 3 weeks (Duncko et al., 2001; 
Gregus et al., 2005). Taken together, our results support that 
short-term corticosterone and long-term corticosterone treat-
ment cause different alterations in anxiety behavior and the 
signal protein expressions such as TH and ERK.

We have used stress models such as electric shock or re-
peated corticosterone treatment. On the EPM test, the lesser 
spent time in the open arms in the stress group means the 
stressors induced anxiety. The expression of TH in the amyg-
dala was strongly suppressed with repeated corticosterone 
administration. By administration of repeated injections of 
corticosterone, we showed almost identical results compared 
to that of chronic immobilization stress. This implies that cor-
ticosterone is released during stress and in turn the released 
corticosterone might have a positive feedback role for the in-
duction of anxiety in rats that are under stress.
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