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Title
Relationship between antidepressive effect of exercise and brain inosine level

—Investigation on the effects of oral administration of inosine and exercise—

Abstract

The purpose of this study was to investigate the relationship between
changes in brain inosine level following exercise and oral inosine and
antidepressive effect. In Chapter two, changes in brain inosine levels were
examined 1, 30 and 60 minutes after completion of high-intensity exercise
using high-performance liquid chromatography (HPLC). Mice were
subjected to a treadmill running exercise for 1 minute, with 10-second rests.
The starting speed was 30 m/min, which was repeated three times; the
speed was then increased by 5 m/min, and the exercise was continued until
exhaustion. The cerebral hemisphere was used for the measurement. The
effects of different intensities of exercise on brain inosine levels were also
examined. Low-intensity exercise comprised 10 m/min for 30 minutes, and
middle-intensity exercise comprised 20 m/min for 30 minutes.

In Chapter three, the neuroprotective effect of inosine (0, 10, 30, 100, 300
pM) was investigated using a primary culture of embryonic rat neocortical
neurons. The cells that had survived exposure to inosine were counted. The
relevance of neuroprotection of inosine to adenosine A; and Aza receptors
was investigated using A; receptor antagonist, 8-cyclopentyl theophylline
(CPT) and Asareceptor antagonist, 8-(3-chlorostyryl) caffeine (CSC). The
effect of inosine on the phosphorylation of mitogen-activated protein kinase
(MAPK) was examined in the cultured neocortical neurons using Western
blotting. The relevance of MAPK phosphorylation of inosine to CPT and
CSC was investigated.

In Chapter four, HPLC was used to investigate changes in brain inosine

levels following oral administration of inosine (0.33 mg/g B.W.) using



cerebral hemisphere. The antidepressive effect of inosine (0.2 mg/g BW/day,
in mixed diet or beverage) was examined using two stress models: chronic
unpredictable stress (CUS) and chronic social defeat stress (CSDS).
Antidepressive behavior was evaluated using forced swim test or sucrose
preference test. Cell proliferation, MAPK phosphorylation and brain-derived
neurotrophic factor (BDNF) mRNA expression in the hippocampus were
determined after oral administration of inosine (0.33 mg/g body weight) to
investigate the relationship with antidepressive effect of oral inosine. The
following findings were obtained in this study.

1. Brain inosine level significantly increased 1 minute after completion of
high-intensity exercise. The gap from the control was 33 pmol/kg
tissue.

2. No significant difference was found in brain inosine levels 1 minute after
completion of low or middle-intensity exercise. The gap from the control
was 10 and 12 pmol/kg tissue, respectively.

3. Brain inosine level significantly increased 1 hour after oral
administration of inosine (0.33 mg/g body weight). The gap from the
control was 13 pmol/kg tissue.

4. The antidepressive effect was confirmed in mice receiving oral
administration of inosine (0.2 mg/g BW/day) in mixed diet for 4 weeks or
beverage for 10 days.

5. The number of surviving cells increased after addition of inosine to the
medium of embryonic rat neocortical neurons, due to adenosine A; and
Aoa receptors. The neuroprotective effect of inosine was shown to involve
signaling via MAPK phosphorylation.

6. The antidepressive effect was confirmed to be related to cell proliferation,
MAPK signaling and expression of BDNF mRNA in the hippocampus.

Whole picture of antidepressive mechanism of exercise remains unveiled.
From the 1980s onward, research on changes in brain serotonin level or
serotonin receptor activity following exercise has been reported. Based on
the monoamine hypothesis, where decreased serotonin level in the synaptic
cleft of neurons is responsible for depression, antidepressants have been
developed. An increase in brain serotonin level due to antidepressants is
considered to lead to antidepressive effect.

In the 1990s, increases in vascular endothelial growth factor (VEGF) and



BDNF in the hippocampus were reported to be related to antidepressive
effect of exercise. VEGF and BDNF are known to be increased by
antidepressants also. Increases in VEGF and BDNF levels are considered to
induce neurogenesis in the hippocampal dentate gyrus, increased viability of
neurons, and extension of neurites, and lead to antidepressive effect.

In this research, high-intensity exercise as well as oral inosine resulted
In an increase in brain inosine levels, and antidepressive effect of oral
inosine (mixed diet for 4 weeks and beverage for 10 days) was newly
confirmed. It was also confirmed that neuroprotective effect via adenosine
A1 and A2a receptors, and increases in cell proliferation and BDNF mRNA
expression in the hippocampus were related to antidepressive mechanism of
inosine. The brain inosine level following high-intensity exercise was
increased by 33 pmol/kg tissue compared with the control. Since the gap was
larger than 13 pmol/kg tissue, the brain inosine level 1 hour after oral
nosine, it 1s suggested that there is a high possibility that high-intensity
exercise should produce neuroprotective effect with the same mechanism
observed after oral inosine.

Increases in brain inosine levels after low and middle-intensity exercise
(10 and 12 pmol/kg tissue, respectively) was not statistically significant,
however, they were similar to 13pumol/kg tissue, an increase in brain inosine
level after oral inosine. Interestingly, antidepressive effect of oral inosine
(mixed diet for 4 weeks and beverage for 10 days) was confirmed with lower
dose of inosine than single oral administration. Concomitant use of low or
middle-intensity exercise with oral inosine was suggested to possibly
produce antidepressive effect.

In 2013, Clinical practice guideline for depressive disorder Ver.1.1 was
published by the Japanese Society of Mood Disorders. In this guideline,
exercise therapy is explained as an adjunctive therapy for patients with
mild depression. It is written in the guideline that there is no steady
consensus about frequency of exercise, however, three or more frequency of
exercise in a week 1s desirable, and middle-intensity exercise sustained for a
certain period of time is recommended. Hence, it is considered meaningful
that whether or not antidepressive effect is observed following low or
middle-intensity regular training in combination with oral inosine. If any
antidepressive effect is confirmed, combination regimen with exercise and

oral inosine possibly become applicable.



