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Investigation of pathogenic mechanisms and Kampo medicine-based preventive and
therapeutic strategy for ADHD using an epigenetic animal model.
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We investigated pathogenic mechanisms of ADHD-related developmental disorder

(DD) and effects of yokukansan (YKS) and keishito (KST), which are used for neuropsychiatric
symptoms and cold of kids, respectively, on the disorders using socially isolated (SI) mice as an
epigenetic model. Sl-induced attention deficit was improved by YKS but not KST. However, when
administrations of YKS and KST were started from early stage of SI, YKS and KST attenuated
SI-induced DD-like behaviors. The effects of YKS and KST were due to improvement of neurosignaling
systems in the hippocampus, suggesting that the administration of YKS and KST in early stage of
development are beneficial for ADHD-related DD. Based on the finding that Sl reduces the brain
allopregnanolone (ALLO) contents, the effects of SKF105111, an ALLO biosynthesis inhibitor, on
behavior was examined. The decrease of ALLO content by SKF105111 induced sociability deficit. Thus,
it is likely that the decrease of ALLO is implicated in DD.
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Fig. 2 The effects of YKS and KST on ISO-
induced sociability deficits in mice. The time
a mouse spent near the stranger and empty
chambers was measured in the therapeutic
procedure (a), preventive procedure (b) and
pharmacological analysis of preventive effect
(c). YKS and KST were administered orally
at doses of 1523.6 and 2031.8 mg/kg/day,
respectively, for 2-3 weeks before the test,
and SCH23390 (SCH: 0.2 mg/kg) was
injected i.p. 1 h before test. Recognition
index consisted of dividing empty exploration
time (E) or stranger exploration time (S) by
the total exploration time (E or SIE + S).
Each column represents the mean + S.E.M.
*p < 0.05 vs. the time a mouse spent near the
empty chamber.
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Fig. 3 The effect of YKS and KST on
I SO-induced attention deficit-like behavior in
mice. The latency of each anima was
recorded in the therapeutic (a) and prevent-
ive procedures (b) and pharmacological
analysis of preventive effect (c). YKS and
KST were administered orally at doses of
1523.6 and 2031.8 mg/kg/day, respectively,
for 3-4 weeks before the test, and
scopolamine (SCP: 0.1 mg/kg) was injected
i.p. 1 h before test. Each data column
represents the mean + S.E.M. *p<0.05,
**p<0.01 vs. GH mice. #p<0.05, ##p<0.01
vs. the saline- administered 1SO mice.
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Fig. 4 The effect of YKS and KST on
I SO-induced long-term fear memory deficits
in mice. The Freezing time of contextual
experimental condition was recorded in the
therapeutic (a) and preventive procedures (b).
YKS and KST were orally given at doses of
1523.6 and 2031.8 mg/kg/day for 5-6 weeks
before the test. Each data column represents
the mean + S.E.M. *P<0.05 vs. the GH mice.
#p<0.05 vs. the water-administered 1 SO mice.
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Fig. 5 Effects of YKS and KST on
ISO-induced down-regulated CaMKII and
CREB phosphorylation in the hippocampus.
a) Typica photos indicate the levels of the
phosphorylated form of CaMKIl and CREB
in the hippocampus obtained from GH and
ISO treated with water or YKS and KST. The
two columns of samples for each group are
biological replicates. b) Quantitative comp-
arisons of the levels of each protein in the
hippocampus. Each data column represents
the mean + S.E.M. obtained from 4 brain
samples. *P<0.05 vs. the GH mice. #P< 0.05,
##P<0.01 vs. the saline-treated | SO mice.
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Fig. 6 Reversal of SKF-induced impairments
of sociability-related performance by ALLO
and methylphenidate (MPH). A: The
per-formance of each animal group in the
training trial. B: Typical behaviora traces of
each animal group recorded for 10 min in test
trails. E and S represent empty and stranger
chambers, respectively. C: Summarized social
affiliation performance in the test trial. D:
Locomotor activities of each group in the test
trial. Each data column represents the mean +
S.E.M. (n=7). *P < 0.05 and **P < 0.01 vs.
the empty chamber (paired t-test).
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