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Abstract

Olfactory dysfunction is observed at early stage of alzheimer’s disease (AD), but a
therapy for the olfactory dysfunction has not been established. Ninjinyoeito (NYT) is a
Kampo medicine and is used for treatment of decline in physical strength, fatigue and
anorexia. This study investigated whether SAMP8 mouse, which is one of AD models,
shows alternations of olfactory responses to odorants and whether NYT affects the
olfactory responses. SAMP8 mice reduced avoidance behaviors towards pentanal and
hexanal, which are aldehydes, in comparison with SAMR1 mice. SAMPS8 mice also
showed decrease in neuronal activity in hypothalamic paraventricular nucleus (PVN)
and amygdala when presented with hexanal. NYT improved poor olfactory performance
and suppressed the decrease in neuronal activity in PVN. Therefore, it was suggested
that the amelioration of abnormal olfactory nerve pathways to PVN contributes to the
improvement of the decline in odor avoidance behavior by NYT. Furthermore, NYT
improved spatial memory impairment and apathy-like behavior in SAMPS8 mice,
suggesting that NYT was effective against not only olfactory impairment but also
memory impairment and psychiatric symptoms. It was reported that AD patients
demonstrate reduced olfactory responses to wood and rose. Considering that wood and
rose have aldehydes, AD patients may demonstrate deficit of olfactory response to
aldehydes. Furthermore, it was shown the possibility that treatment of olfactory
dysfunction may lead to prevention and therapy for core symptoms and peripheral
symptoms such as memory impairment and lethargy-like behavior. This study suggests
clinical application of NYT form early stage is useful to prevention of olfactory
dysfunction and suppressing the progression of AD.
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Fig. 1. Time spent in search area in olfactory preference test in SAMP8 mouse.
A) 3 months old B) 5 months old. unpaired t-test. **p<0.01, ***p<0.001,
R1: SAMRI, P8: SAMP8
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Fig. 2. Number of c-fos positive cells exposed to eugenol or hecanal for 1 hour
A) Hypothalamic paraventricular nucleus (PVN), B) Amygdala central nucleus (CeA).
unpaired t-test. *p<0.05, **p<0.01, unpaired t-test. R1: SAMRI1, P§: SAMPS.
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Fig. 3. Time spent in search area in olfactory preference test in SAMP8 mouse (8

months old). Data were subjected to Tukey’s multiple comparison tests after one-way

ANOVA.
Ninjinyoeito

#p<0.05, **p<0.01, ***p<0.001.
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P8: SAMP8, NYT :



hexanal D #& (X, SAMRI1 ~ 7 A & g LC SAMPS ~ 7 A Clx, K%
FTH D HIR T EEHZ X ORI T DO c-fos IPEMIEE 2 A E IR
L. MG O TN R S 7, S5, ASHEKE; 1000 mg/kg #% 5
X, BUR FEELEZICEBIT D c-fos BEMREOAERMMR Lz, —F .,
BRI B WD THIMIERD SN hoTz, £7-. ASERGHEGIX. 7l
WLEZ D c-fos P MEMMAREL 2 8 S8, 1R CA3 @ c-fos Al ik 2 HE N = &
72 (Fig.4), RIRAEZ CORIL, BRI TEIO N X 2B ORI L5 =
ENREZ LT,

A) B) C) D)

| AOL | | Hippocampus (CA3) | | PVN | | CeA |

N
=]
]
=
«
]

-
@
1
.

o
1

c-fos labeled cells (n)/mm?

c-fos labeled cells (n)/mm
B o
1 1
Y L]
> ]
c-fos labeled cells (n)/mm?
o
=)
1
c-fos labeled cells (n)/mm
a
@ =
1 1
;I

0- 0- 0-
R1 0 1000 R1 0 1000 R1 0 1000 R1 0 1000
NYT (mg/kg) NYT (mg/kg) NYT (mgrkg) NYT (mglkg)
P8 P8 P8 P8

Fig. 4. The number of c-fos-positive cells in each brain region of the olfactory nerve
pathway in 11-month-old SAMP8 mice exposed to hexanal for 1 hour.

A) Anterior olfactory nucleus, B) Hippocampus (CA3), C) PVN, D) CeA.

Data were subjected to Tukey’s multiple comparison tests after one-way ANOVA.
*p<0.05, ***p<0.001. R1: SAMRI1, P8: SAMP8, NYT : Ninjinyoeito
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Fig. 5. Arm dwell time of SAMP8 mice in olfactory discrimination test. A) hexanal
(sugar +) & pentanal, B) eugenol (sugar +) & vanillin. Unpaired t-test. *p<0.05. Hex:

hexanal, pent: pentanal, eug: eugenol
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Fig. 6. Platform arrival time by 5-day water maze test. We evaluated learning and
memory using the Morris water maze task. Three trials per day were analyzed for five

days, and the data represent the average of the three trials. Data were subjected to



Tukey’s multiple comparison tests after one-way ANOVA. *P<0.05, **P<0.01,
##P<0.001 vs R1+water, "P<0.05 vs P8+water
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Fig. 8. Time spent in the inner zone of SAMP8 mice in open-field test.

We measured the time spent in the inner zone of the open-field device and analyzed
anxiety-like behavior. A) 5 months old, B) 8.5 months old. **p<0.01. Data were
subjected to Dunn’s multiple comparison tests after one-way ANOVA. R1: SAMRI1, P8:
SAMPS
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Fig. 9 Grooming time and number of SAMPS8 mice in the sucrose splash test.
A) grooming time, B) grooming number *p<0.05. one-way ANOVA. Dunn’s multiple
comparisons test R1: SAMRI1, P§: SAMPS.
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K OWL T REEIRRIE L L COFMAMEEZMRET Lz, £/, % 3 ETILSAMPS v 7 A D
FLIE R E LR ST 2 A B RG OIGRNR AT L, AD O FZIER TH 53
FREREREE & JESER T & 2 RS PANR LIRS T D NS ERG ORI R LMt LT,

W1 E Rt~ 2 (SAMP 8 ~ 7 R) DL Sk E O MiET

SAMP8 ~ 7 AN FEEDRREE T /L & R D2 ENORFZ BRI E LT, Bkx2bgwn
WEIZxET 5 SAMPS8 ~ U A DFUGTEN Zfiftr LTz, & BT, BRI IC 31T 5 4h
RITE OB LA MF L=, ZOfE5E. SAMPS ~ 7 X SAMR] ~ 7 R &L ik LT T LT
t K& (pentanal., hexanal. heptanal. n-octanal) 2% 9 A [FIEEITEIOIL F23ER D
BTz, 7o, hexanal HFRFERFOMR FEESE L RIMAIZEIT S c—fos BhEMnLK
23 SAMP8 ¥~ 7 AT/ L TWNWDH Z ERBO LNz, ZNHDOFEEND, SAMPS < 7 A
TIEMRTESOSIZ BT D HUR TS & R T ORI AIEENME 25 BHE TENME T
ICBE 5 2 LRI SN,

2T SAMPS ~ U A DWLR UG (25 5 ARG OIRE

SAMP8 ~ 7 A DILTREFIZ 6T 2 ASERGONR ARG T 2720, ASERKEDOT
X AH % SAMP8 ~ 7 ZNZH G- L, BRSSO AT > 72, £ DR R, WRERELFT X
MZFBWT, SAMP8 ¥~ 7 A D hexanal [ TENMK T 2 AS 8B ARG ITA B L7z,
X 512, hexanal ZFERFOMIKR FTEIEBZIZEBIT D c—fos BBIEMRER D 2 NS HE 5
BEIT DR ENRBO DN, TOZ LD, ABERBIC X 5 ERERTENE T



BB R TS~ ORI B OWEN T E T2 2 LR E T,
F7-. REFHAT XTI, SAMPS ~ 7 Z DML FRRIEE 2% 5 ABE R OiE
R BT O BT MCI R AD BE T MR OEENRE SN TNDL T &b,
AFHBE E B LT B AD B OMRFEEREZ L THD ZENRB R B,
ANSERGDIERIEL LTHEITH D Z L NRB Iz,

3 E  SAMP8 ¥ U A DFLIEMETE « MEMARIER 64 5 ABERRE O RBES

U AKKBERRE & AP E R E ORI, Open—field 7 & k& AW o REER
1TEYOFEM 72 & TNT Sucrose splash 7 A MZ X B ESEATEIORMEEZIT > 72, £
DOFEFR, KEKERBR TIZ, ABZRRGOFRGIZL Y FEHEBOBAREEFII TSNS
AHEMENRN D D Z ENRBR I T, Open—field test TIXED TN —TFHIZBNTH,
EIIFEO SN Do 7=h3,  Sucrose splash 7 A& MZEIT 5 SAMPS ~ 7 A D H ik
3 L OB A A S350 1000mg/kg DHEHIZ L W ARICKES N, 2D
B BELRIERIERITNS L TASERGITIERIREAT L Z LIRS,

KIFFET, AD BT /L~ AT 5 SAMPS 7 ZA DR [EEDFEENH SN E o722
& T, AD RO REE OB LRI T 500 & 72 2 ATREMEN HIfFF C& 72, T, AD
DT REEIZR L CASERGNEN TH D Z ENREIN., BHEMND DK 5
£ 0 R E R ARATEN 2 & O PEIER OB O ST 2 TR D WRENE bR
ATz, AFZERLEIE AD ORLTE [ E OB T 25D e WL TH 0 | A5,
K OIRFEAN TN T 2 BRI L 700 25, £ LT, AD BE DOIRTEED
TR0 AD OETINHZ B & LT ABBREGDERKEIG S D TRt R~ Lc, A
SERXEE AD BHOBRTEEFICH LT, LV LZEMEOEWHITRiBREREICR V1SS
AIREME R ST,

FHEFAL, RANLT VA VOBERICEBRZ RS — BRIET 5 & 6 IR O ATHE
PEDARUY AD FEHVIE Z2 . ARTRFEICTO BRI R, BHRE, S OIEEAIEIC R 520
oD BE D O S IREE Bis L TR A2 1T - C& 7o, MERFIZER THaimE
FFE e U CIEBHFIEET AD BE ORI A2 D N ASERGIC L DIBRICERT 5
HLOEMFEEIND, RNFTH L EE L2, Wb D PharmD EO—E & LTI O
9e% FEBROBRRIT AT E TV I K FPRT A C s Bl 98 & B da L C
WD ARG SZ DWW TIIATEE TORKRBE 500 LT WHRNE L AT A4 RiR,
BRRIIKRTT DINE BIE R TR S 58T Lin, > TR Z IR O 15

L LTHERT D,



