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  DehydroevodiamineㆍHCl (DHED) has been reported to prevent memory impairment and neuronal 
cell loss in a rat model with cognitive disturbance. We investigated the effect of DHED on memory 
impairment and behavioral abnormality caused by stress. We demonstrated that DHED can improve 
stress-induced memory impairments and depression-like behaviors by using open-field test, Y-maze 
test and forced swimming test. DHED treatment significantly recovered the decreases in the levels 
of neural cell adhesion molecule (NCAM) proteins caused by stress and the decreases in cell viability. 
Our results suggested that DHED is a potential drug candidate for neuronal death, memory impair-
ment and depression induced by stress.
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INTRODUCTION

  Chronic stress contributes to the development of depres-
sion-like symptoms, mood and anxiety disorders [1,2]. It is 
well known that learning and memory is affected by stress 
[3,4] and that prolonged exposure to stress can affect the 
region of the brain that is central to learning and emotional 
responses: the hippocampus, amygdala and prefrontal cor-
tex [1,2,5].
  DehydroevodiamineㆍHCl (DHED), a component sepa-
rated from Evodia rutaecarpa Bentham, improves memory 
deficit of Alzheimer’s mice models such as Tg2576 and 
APP-CT Tg mice and the scopolamine induced amnesia 
model [6-8].
  The main purpose of this study was to investigate the 
effects of DHED on stress. We examined whether DHED 
could improve memory impairments and depression-like 
behaviors. We checked the effects of DHED or fluoxetine, 
a well-known antidepressant on stress-induced memory im-
pairments and depression-like behaviors, using open-field 
test, Y-maze performance and forced swimming test.
  In addition, we examined whether DHED could elevate 

stress-induced the low levels of neural cell adhesion mole-
cule (NCAM). Chronic stress induced cognitive and struc-
tural alterations were also shown to reduce the expression 
of NCAM [9-11]. NCAM is known to link to the development 
of neuronal damage under stress condition [12].
  In our study, we provide in vitro and in vivo evidences 
that DHED can improve stress-induced depression and 
memory impairment and significantly recover the low lev-
els of NCAM proteins caused by stress.

METHODS

Experimental protocol

  Five weeks-old male Wistar rats weighing 160∼180 g 
were used. Immobilization was used to induce chronic 
stress according to the previously described method [8,13, 
14]. FluoxetineㆍHCl (10 mg/kg/day, p.o.) or DHED (10 mg/ 
kg/day, p.o., Jeil Pharm., Korea) dissolved in 0.3% CMC 
(carboxymethylcellulose, Sigma, USA) solution was ad-
ministered via oral route to animals according to the treat-
ment schedule in Fig. 1A (n=4∼5 per group). All behavior 
tests were scored by an investigator blinded to treatment 
conditions and all manipulations were performed in accord-
ance with the Guidelines for Animal Experiments of Ethics 
Committee of Seoul National University.
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μM) or fluoxetine (0.5 μM) restored the level of NCAM 
reduced by sturosporine. 

DISCUSSION

  The present study strongly suggests that DHED im-
proved memory impairments and depression-like behaviors 
induced by stress in rats.
  Firstly, we found that both DHED and fluoxetine could 
alleviate memory impairments induced by stress because 
DHED improved cognitive impairments of other amnesic 
animal models in previous studies [7]. Fluoxetine is widely 
used for a spectrum of mood disorders [16] and also protects 
against the adverse effects of different types of stressors 
[17]. Several studies demonstrated that fluoxetine is the 
treatment of choice for depression due to a better safety 
profile and improved tolerability compared to the older tri-
cyclic antidepressants [16]. Here, we used fluoxetine as a 
positive control. Stress can induce cognitive impairment as 
well as depression-like behaviors. In rats, chronic stress 
was reported to induce spatial memory impairments [1]. 
Especially, the reduction of alteration behaviors in Y-maze 
test shows the impairment of memory [10]. The present re-
sults demonstrate that the stress-induced decrease in the 
percentage of success was elevated to the control level by 
DHED treatment by fluoxtine treatment.
  Secondly, we also found that DHED or fluoxetine could 
improve depressive behavior in rats. Chronic stress plays 
a pivotal role in several neuropsychiatric disorders such as 
depression [18]. A depressive behavior is related to the in-
crease of immobility time [15,19] and antidepressants de-
crease immobility in forced swimming test. In this study, 
the immobility time of stress group was obviously higher 
than that of the control group, but it was reduced to the 
control level by DHED or fluoxetine. Our results show that 
DHED could improve depression-like behaviors as well as 
memory impairments induced by stress without causing 
change in mobility.
  It is well known that NCAM is expressed on the mem-
brane of neurons and glial cells and involves plasticity and 
development of neuron [12,20]. Chronic restraint stress in 
adult rats decreases NCAM mRNA and protein expression 
in the hippocampus and other brain regions [9,20]. Our re-
sults indicate that total NCAM levels of the vehicle-treated 
stressed rats were decreased than those of the vehicle 
control. But it was significantly recovered to the vehicle 
control level by DHED or fluoxetine treatment. The ex-
pression of each NCAM isoform were reported to be varia-
ble in each group, therefore many researchers prefer the 
comparison of the concentration of total NCAM to that of 
each NCAM isoform [9,20]. Therefore, our results suggest 
that DHED might increase brain activity and memory par-
tially through increasing total NCAM levels which are re-
lated to neuronal plasticity and regeneration. Additionally, 
we tested whether DHED can affect intracellular NCAM 
levels in neurons. Interestingly, DHED prevented the de-
crease in NCAM levels by staurosporine. It has been re-
ported that staurosporine induces apoptosis [21] and that 
NCAM is linked to the development of neuronal damage 
[12].
  In conclusion, DHED has beneficial effects on memory 
impairments, depression-like behaviors, decreased neuro-
nal viability and NCAM levels induced by stress. Therefore, 
DHED as well as fluoxetine may be a potential drug against 

stress-induced memory impairments and depression-like 
behaviors.

SUPPLEMENTARY MATERIALS

  Supplementary data including one figure can be found 
with this article online at http://pdf.medrang.co.kr/paper/ 
pdf/Kjpp/Kjpp018-01-07-s001.pdf.
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