2012 2014

Kampo medicine pharmacology-based clarification and identification of etiologic
factors and their function responsible for ADHD
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Based on our hypothesis that social isolation (SI) induces behavioral
abnormalities similar to attention deficit (AD) hyperactivity disorder (ADHD), we explored Kampo
medicine-responsible factors which may be involved in ADHD. SI induced AD-like behaviors and impaired
sociability and fear memory. The anti-ADHD drug methylphenidate (MPH) improved the AD-like behavior and
sociability deficit, while the acetylcholinesterase inhibitor tacrine ameliorated fear memory deficits.
SI-induced down-regulation of Egr-1, a factor involved in emotional and cognitive function was reversed
by THA. These results further supported our hypothesis. The administration of sansonin-to (SST), a Kampo
medicine for patients with neurologic symptoms and insomnia, showed the MPH-like effects and tended to
improve fear memory in Sl animals. These results suggest that SST is beneficial for the treatment of some
symptoms of ADHD and that the effects of SST are at least in part due to the Egr-1 system in the brain.
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Fig. 2 Effects of SI and re-socialization on
drinking latency in the water-finding test. The
male mice housed in a group or socially

i Es isolated for 3 (Exp. 1), 7 (Exp. 2), and 42
afi0 £ days (Exp. 3) were used in the experiments.
2810 | £ i Ldeie @ After a 1-week SI period, the animals were
58 2 re-socialized by housing in group for 5
T % EChR o W\; weeks. *p<0.05, **p<0.01 vs. the respective
% g 60| % ot |- % GH (Ouchi et al., Behav Brain Res. 2013)
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Fig. 1 Sl-induced changes in Egr-1 expression @ 550
in the frontal cortex. The 4- week-old mice Py
were housed in group or socially isolated for & 200+
3-56 days before the experiments. i) Typical E 150
immunohistochemical images of Egr-1 o)
expression in the frontal cortex. ii) Expression S 1004
levels of Egr-1 protein analyzed from the data £
of immunohistochemistry. Scale bar: 100 um. 0 504
iii) Changes in the level of Egr-1 mRNA 04
quantitated by real-time PCR. Open and
closed circles represent GH and SI group, MPH (mg/kg, i.p.)
respectively. *P<0.05 vs. GH. (Matsumoto et
al., Neurosci Res. 2012) Fig. 3 The effect of methylphenidate (MPH)

on Sl-induced changes of drinking latency in
the water finding test The water-finding test

2) SI was conducted. The numbers of animals used
SI 1 are indicated in each column. #p<0.05 vs. GH
GH mice. *p<0.05, **p<0.01 vs. saline-

administered SI group. (Ouchi et al., Behav
Brain Res. 2013)
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(Fig. 4) Fig. 5 Effects of SST on Sl-induced deficit
SI in attention deficit-like behavior in the water
finding test (WFT). A: Two weeks after
starting social isolation, SST at doses of
Training til Test il 400-800 mg/kg was orally administered and
rar'a est fria - then the WFT was conducted. B: The
vt R S LS 7 administration of SST was conducted for 2
L ooy N g T weeks after starting SI. ##p<0.01, *p<0.05
0« @ T (Ouchi, Tsushima et al., unpublished data).
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Fig. 4 Sl-induced deficit in sociability and its
reversal by MPH. In the training trial,
animals were allowed to freely explore the
arena in which two identical empty chambers Eor-1
were placed, and acclimatized to the gr-
experimental environment and procedure for
5 min. In the test trial, the time a mouse spent SST MPH

exploring around the stimulant and empty
chambers was measured as an index of
sociability. *p<0.05 vs. the time each mouse
spent around the empty chamber (Okada et SST ~ ADHD
al., Neuroscience 2015)
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