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Abstract : DNA microarray was used to measure stress response by exercise in peripheral blood
leukocytes. Aerobic exercise did not alter mRNA pattern or urinary secretion of 8-hydroxy-2’deoxyguanosine (8-OHdG) . Strenuous exercise increased urinary secretion of 8-OHdG and altered
mRNA pattern in microarray. These results suggest that moderate exercise, i. e. aerobic exercise,
did not show any change in 8-OHdG, an oxidative stress marker, or mRNA expression in the
leukocytes, which might reflect whole body neurohormanal changes. In addition, strenuous
exercise produced quite different expression pattern from those of psychological stress.
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OBJECTIVE
DNA microarray technology has greatly enhanced
research exploring transcriptional contributions to
cellular events. To clarify the characteristics of two
types of stress, i. e. physical stress and mental stress,
we compared mRNA expression after exercise and
psychological stress after examination.

METHODS
We studied a microarray including 1467 cDNAs
developed by Rokutan K1 that were selected to
specifically measure stress response in peripheral
blood leukocytes. The mRNA levels in leukocytes
were compared with those before and 4, 24 and 48
hours after exercise by bicycle ergometer. Urinary
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secretion of 8-hydroxy-2’-deoxyguanosine (8-OHdG)
were measured and normalized by urea nitrogen.
Two types of exercise were carried out, 1) aerobic
exercise (50-60% of maximal VO2) for one hour
(3×20min exercise and 5min rest) and 2) strenuous
exercise until exhausted (25 Watt increment of load
every 5 min until exhausted). In psychological
stress, venous blood was collected from 10 graduate
students 2 h before and 2 or 24 h after an open
presentation for their Ph. D. The mRNA levels in
leukocytes were compared with those prepared 4
weeks before the presentation (1, 2) .

RESULTS AND DISCUSSION
Aerobic exercise did not alter mRNA pattern or
urinary secretion of 8-OHdG (an indicator for oxidative
stress) . Strenuous exercise up to exhaustion produced
significant elevation of urinary 8-OHdG. DNA microarray
study showed that 17 mRNA were increased (>2
times) or decreased (<1/2) , which number was much
smaller than those in open presentation for PH. D
students, i. e. up-regulated 49 genes and down-regulated
21 genes (1, 2) . In addition, the degrees of increased
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mRNA levels were not correlated to the change in
8-HDG in strenuous exericise. Interestingly, these
mRNA were quite different from those in open
presentation of the Ph. D students, or chronic fatigue
syndrome (data not shown). The altered expressions
after strenuous exercise were mainly in mRNA of
oxidant stress response and proteolysis.
These results suggest that moderate exercise, i.
e. aerobic exercise, did not show any change in stress
markers or mRNA expression in the leukocytes,
which might reflect whole body neurohormanal
changes. However, even strenuous (anaerobic) stress
for up to 15 min, the change in the pattern of RNA
is much smaller in numbers compared to those of
psychological stress when we use this microarray
system.

to strenuous exercise. We did not analyze microarray
study in working muscle in the present study. However,
the results suggest that the hypothalamus-pituitaryadrenal (HPA) axis, sympathetic nervous system, and
immune system, which affect the mRNA expression
pattern of leukocytes, are more affected by psychological stress than by physical stress.
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CONCLUSION
In this study we found psychological stress produced
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