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Exploration and identification of kampo medicines as therapeutic agent for
Alzheimer®s disease targeting tau protein
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To find novel dementia-therapeutic Kampo medicines, we examined the effects
of orengedokuto (OGT) and sanosyasinto (SST), kampo medicines including Scutellaria root, on memory
deficit and brain GSK-3( activity in 6-month-old senescence-accelerated prone mice (SAMP8), an
aging animal model. The administration of these Kampo medicines significantly improved object
recognition memory deficit of SAMP8. Moreover, OGT and SST administration significantly suppressed
CRMP2 phosphorylation by inhibiting age-dependent GSK-33 activation in cortex of SAMP8. On the
other hand, tau phosphorylation did not differ between each group, indicating that the
phosphorylation of CRMP2 but not tau is involved in early cognitive impairment in SAMP8. These
results suggest that OGT and SST could have the potency to be a novel therapeutic agent for
dementia, and that CRMP2 may be a new biomarker for dementia.
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Fig. 1 Effects of scutellarus flavonoid on
GSK-33 activity in primary cortical
neuron. Primary cortical neurons were
treated with several concentrations of
flavonoids for 24 h. Each value represents
the means + S.E.M. from five samples.
“P < 0.05 and P < 0.01 vs the control.
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Fig. 2 The effects of scutellarus
flavonoid on AP -induced tau protein
phosphorylation in primary cortical
neuron. Primary cortical neurons were
treated with several concentrations of
flavonoids for 24 h.
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Fig. 3 Effects of 30x OGT and 30x SST on
object recognition deficits in SAMP8. (A)
The data from the test trials conducted 30
min after the sample trials and (B)
Discrimination index. The time each mouse
spent exploring objects (New or familiar)
was recorded using the SMART system
(PanLab, S.L., Barcelona, Spain). Each
value represents the mean = S.E.M. from
10-11 mice. 3P < 0.05 and SSP < 0.01 vs
the time spent exploring a familiar object,
and P < 0.05 vs SAMP8-vehicle group.
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Fig. 4 The effect of 30x OGT and 30x SST

on long-term fear memory deficits in SAMPS.

Contextual (left) and auditory (right)
memories were assessed at 1 and 5 days
after fear conditioning. Each value
represents the mean = S.E.M. from 10-11
mice. "P < 0.05 vs SAMR1.
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Fig. 5 The effects of 30x OGT and 30x SST
on GSK-3p activity in the cortex of SAMP8.
A: 2 months, and B: 8 months mice. Each
value represents the mean + S.E.M. from
5-8 brain samples. "P<0.05 vs SAMR1 and
“P<0.05 vs SAMP8-vehicle group.

GSK-3p

GSK-3B
GSK-3p

Tau

collapsin response
mediator proteins (CRMP2)
SAMP8 0GT
SST Fig. 6

Prausese) I

P-CRVP2(THI514) s s i s e ] s s
CRMP2 -
vehicle  vehicle 30xOGT 30xSST

SAMR1 SAMP8

P-Tau(Ser396) P-CRMP2(Thr514) CRMP2

P-tau/naive control
P-CRMP2inaive control
CRMP2inaive control

0
30% 307 o 307 30x
eicls o0 say  venicls venicls o vehicle vericle 50 3%+
SANR1 SANPE SAMR1 SAMPE SAMR1 SAMPE

Fig. 6 Effects of 30x OGT and 30x SST on
the phosphorylation of tau and CRMP2
proteins in the cortex of SAMP8. Typical
photos indicate the levels of p-Tau
(Ser396), p-CRMP2 and CRMP2. The densities
of these bands were quantified and each
value represents mean £ S_E.M. from eight
brain samples. *P < 0.05 vs SAMR1 and
“P<0.05 vs SAMP8-vehicle group.
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Fig. 7 Effects of t 30x OGT and 30x SST on
object recognition deficits in OBX mice.
(A) The data from the test trials conducted
30 min after the sample trials and (B)
Discrimination index. The time each mouse
spent exploring objects (New or familiar)
was recorded using the SMART system
(PanLab, S.L., Barcelona, Spain). Each
value represents the mean = S.E.M. from
11-14 mice. 5P < 0.05 vs the time spent
exploring a familiar object, and P < 0.05
vs SAMR1-vehicle group.
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Fig. 8 The effect of 30x OGT and 30x SST
on long-term fear memory deficits in OBX
mice. Contextual (left) and auditory
(right) memories were assessed at 1 and 5
days after fear conditioning. Each value
represents the mean = S.E.M. from 11-14
mice. #p < 0.05 vs Sham group and **p < 0.01
vs OBX-vehicle group.
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Fig. 9 The effects of 30x OGT and 30x SST
on GSK-3B in the cortex of SAMP8. Each
value represents the mean £ S.E.M. from 8
brain samples. **P<0.01 compared with
OBX-vehicle group.
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