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The purpose of this study was to investigate the effect of antioxidant ingestion on stress-induced impair-
ment of cognitive memory. Male C57BL/6 mice were divided into four groups as follows: (1) control mice
(C mice) fed in a normal cage without immobilization; (2) restraint-stressed (RS mice) fed in a small cage;
(3) vitamin E mice (VE mice), mice were fed in a small cage with a diet supplemented with vitamin E; (4)
GliSODin mice (GS mice) fed in a small cage with a diet supplemented with GliSODin. RS, VE and GS mice

Keywords: were exposed to 12 h of immobilization daily. Five weeks later, spatial learning was measured using the
glil;;?o]ila%pus Morris Water Maze (MWM) test. After water maze testing, we performed immunohistochemical analysis
Stress using 4-hydroxy-2-noneral (4-HNE) and an anti-Ki67 antibody. 4-HNE is a marker of lipid peroxidation.
Memory RS mice showed impaired spatial learning performance and an increased number of 4-HNE-positive cells
Neurogenesis in the granule cell layer (GCL) of the hippocampal dentate gyrus when compared to C mice. Moreover, RS

Antioxidant mice showed a decreased number of Ki67-positive cells in the subgranular zone (SGZ). GS mice showed
better spatial learning memory than RS mice. The number of 4-HNE-positive cells in the GCL of GS mice
was significantly less than that of RS mice. The number of Ki67-positive cells in the SGZ of GS mice was
significantly greater than that of RS mice. These finding suggests that GliSODin prevents stress-induced
impairment of cognitive function and maintains neurogenesis in the hippocampus through antioxidant
activity.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction rons, and repeated stress causes remodeling of dendrites in the CA3

region, which is particularly important for memory processing [4].

Aging leads to suppression of brain functions such as learn-
ing and memory. This effect is accelerated by chronic stress,
especially psychological stress. Chronic immobilization stress sig-
nificantly impaired spatial performance in the MWM, elevated
plasma corticosterone levels, and attenuated hippocampal long-
term potentiation (LTP) [1]. Escape latencies in the MWM were
longer in rats restrained for 21 days than in control rats [2].

Stress-induced impairment of learning and memory is closely
related to suppression of hippocampal neurogenesis. Chronic
restraint stress resulted in impaired performance in the MWM and
a decreased number of BrdU-positive cells in the dentate gyrus
[3]. Stress suppresses neurogenesis of dentate gyrus granule neu-
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One of the reasons why stress suppresses hippocampal neuro-
genesis increased oxidative stress. Fontella et al. [5] reported that
repeated restraint stress induced an increase in thiobarbituric acid
reactive substance (TBARS) levels and in glutathione peroxidase
activity in rats. A relationship between impairment of memory and
oxidative stress has been reported. In addition, it has been reported
that ingestion of the antioxidant flavanol improved spatial mem-
ory retention in adult mammals [6]. However, there have been
no reports of protective effects of antioxidant on stress-induced
impairment of learning and memory.

In the present study, we investigated whether ingestion of an
antioxidant protected against stress-induced impairment of learn-
ing and memory. We used two types of antioxidants: GliSODin and
a-tocopherol. GliSODin is superoxide dismutase (SOD) extracted
from melons and combined with gliadin. SOD catalyzes the dis-
mutation of superoxide into oxygen and hydrogen peroxide and
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