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Studies on “Tackling the Super-Aged Society with Appropriate Salt Intake”

Introduction
Hironobu Morita, MD & PhD

Project Leader
Tokai-Gakuin University

Japan's average life expectancy is 87.13 years for women and 81.09 years for men, with 29.3% of the population aged 65
or older, making it one of the world's most super-aged societies (Ministry of Health, Labor and Welfare, Statistics Bureau,
Ministry of Internal Affairs and Communications, 2024). Meanwhile, the "gap between average life expectancy and healthy
life expectancy (period of ill health)," referring to the period during which a person is unable to live independently, is 9 to 12
years. In this super-aged society, extending healthy life expectancy and narrowing this gap is a major challenge.

Diseases and conditions that must be overcome to extend healthy lifespans include frailty (a state of physical and mental
weakness), sarcopenia (age-related muscle mass and muscle strength loss), osteoporosis, dementia, heart failure, stroke,
lifestyle-related diseases, chronic kidney disease, swallowing disorders/aspiration pneumonia, dental and oral diseases, and
more, some of which have been suggested to be related to salt intake. In particular, the relationship between lifestyle-related
diseases such as hypertension and salt intake has been well studied and has been the subject of many research projects funded
by our foundation. Recently, there has also been some evidence relating salt intake to frailty, appetite, swallowing function,
and other conditions.

Needless to say, salt is an essential nutrient for the human body, involved in maintaining body fluids and regulating
excitability. In order to obtain nutrition on one's own, maintain physical activity, and live an independent life, it is important
not only to limit salt intake but also to consume it appropriately, which also leads to a longer healthy life expectancy.
However, there is no evidence regarding appropriate salt intake other than advice to reduce salt intake. Therefore, with the
aim of building basic evidence to propose "appropriate salt intake" that contributes to extending healthy lifespan, we have
planned a medical project research project for 2022-2024 titled "Tackling the super-aging society with appropriate salt intake,"
and have selected five research topics consisting of the following three sub-themes.

v' Subtheme 1: Research on changes in salt balance and frailty
22C1-24C1; Study on Muscle and Bone-Related Frailty Induced by Hyponatremia.
22C2-24C2; Elucidating the Mechanisms of Chronic Hyponatremia-Induced Psychosis and Development of Its
Treatment.
v" Subtheme 2: Research on salt intake, dental/oral health, and eating/swallowing function.
22C3-24C3; The Effect of Daily Salt Intake on Protection from Aspiration Pneumonia via Neuro-Immune System.
22C4-24C4; Relationship between Salt Intake and Oral Microbiota and Health Conditions.
v' Subtheme 3: Research on salt intake, autonomic nervous system control, and renal function.
22C5-24C5; Elucidation of the Regulatory Mechanism of Salt-Sensitive Hypertension through the Nervous System-

Immune System.

Three years of research have yielded several important findings.



Subtheme 1: Using an animal model of chronic hyponatremia, the effects of salt imbalance on frailty, sarcopenia, and
osteoporosis were examined, and confirmed that hyponatremia is associated with decreased muscle mass and strength, bone
loss, and increased anxiety-like behavior. These symptoms were reversed by salt supplementation. Furthermore, an
epidemiological study using clinical data from elderly individuals revealed that both hypo- and hypernatremia are associated
with the severity of frailty. Hyponatremia is the most common electrolyte abnormality observed in the elderly, and these
results are expected to provide important evidence for considering appropriate salt intake in the elderly.

Subtheme 2: The relationship between oral health, aspiration pneumonia, and salt intake was examined epidemiologically and
using a mouse model.  An epidemiological study of individuals aged 40 to 79 years revealed gender differences in the impact
of salt intake on oral health. In men, higher salt intake was associated with lower proportions of health-related resident
bacteria, higher proportions of caries-related and periodontal disease-related bacteria, and significantly fewer present teeth.
However, no such association was observed in women. In a mouse model of aspiration pneumonia using cultured oral
microbiota, increased salt intake was found to exacerbate pneumonia symptoms.  Preventing tooth loss, maintaining a healthy
oral cavity, and preventing aspiration pneumonia are important for extending healthy lifespan. These findings are expected
to provide important evidence for dental health and nutritional guidance.

Subtheme 3: This study aimed to elucidate the relationship and pathogenesis of two conditions known to be exacerbated by
chronic excessive salt intake: hypertension and chronic kidney disease. In a mouse model of salt-sensitive hypertension,
kidney macrophages increased and renal fibrosis progressed. Furthermore, macrophage ablation suppressed hypertension
and renal fibrosis.  Furthermore, mice with a macrophage-specific deletion of acetylcholine receptor X suppressed
hypertension induction, providing a new insight into the nervous-immune mechanism of hypertension development. It is
expected that this will provide important insights into the pathology and treatment strategies for hypertension and chronic
kidney disease.
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Fig. 2. {&F MY AMSEAVE IS KIET 2
('o‘y B) dDAVP (A) FolXT7a IR (B) %}j@&l@‘_ 8 ﬁf’ﬁﬁf&ﬁ:
HCT A AUV, 7 A KR O 1 451 (THBMD)

s H B (BVITV) , #ER 8 (Th.Th) , s H i 4

M (To.Sp), BB &5 % K (CBM), fE & i\
(Ct.Th), FZE&m (CLAN ZHIE L=,
JT70%, EHE AR T, **P < 0.01. **P < 0.01.

3. 3 BF R )Y LMELFHI NI ERK- T HERIC
BLIFTHE

dDAVP L7 IR GINEREARD S 737 ERGRIZE
HY% Aktp70 S6 - — B RICBIFE T HELE MRFLT-,
dDAVP L7 B3R, BEIEAR L ORT AFIC IS T Akt &
p70 S6 T —E DY kA A EIZHHIL 7= (Fig. 3A, B),

RIT, s ™I B e T — 7 a7 Ty
—ARICBRETEELMFT LT, dDAVP X7 Af)
MuRF1 mRNA FBA A B SH, 7o IR IET A/
atrogin-1 mRNA F&8A G Bl 37 (Fig. 3C), —77,
dDAVP BLO7 e EINEFMEER MuRFL 35K TF atrogin-1
FHN A B LES2 ) 7= (Fig. 3C).,



Fig. 3. 1K RID AMSENSTHZ L /7B ARl R ds KT 3 528

(A, B) dDAVP (A) F/=iZ7m&IRN (B) #IEIH S 8 HWMIEIZ, ~TU AR e T ANOZ R EE L, Vo f(b Akt (pAkt),
Akt, VB4l p70 S6 37— (pS6K) , S6K, GAPDH D7 = A% L7 oy MM 24T > 72, pAkt, Akt, pS6K, S6K DF1 77 %
B~V T UV hAN — &> CERL, GAPDH O HL ~LTHiELTZ,

(C) #El 5 8 HEL I, ~ T APEIERFEET AfHH>5 total RNA ZHliHHL, atrogin-1, MUuRF1, 18S rRNA ™V 7 /L% A 1 PCR g4
FEhEL 7,

FEROT TV, FHIE HERER R AR, **P <0.01. *P < 0.05.



3. 4 EF N AMENTAF N RBIB KIFTHE
KIZ, dDAVP BXOTavIRWVEIHERTD~A4H
AL DFBUTIBRIT T B ERTT LI, ADAVP (ZHRIE &
B 250 IGF-1 mRNA L0 /Ry 3B B b S+,
IL-6 FEHZHNNSE7- (Fig. 4A-D),, £7=, dDAVP [FET A
i~ AF A2 F 3 BLA WA SE T2, FGF2, Fndcb
(TAV V), THIARZTF LV, TI/FE L, TGF-B HHLZ
R BIIFS -7 (Fig. 4A, C),
TaeIRFPERE R L e T ARG O IGF-1 mRNA BXO
KRR BB A > S 72 (Fig. 5A-D) , ¥/, Vet
SRIIHEERSRD Fndes, IL-6, 77 F B2 FBA RO SETA3,

BT A D IL-6 FBLAHINSE 72 (Fig. 5A, C), 7rk
ML, BEEA B L O T2 T8 W T, FGF2, v A4 A
2T, TFVAFT v TGF-B R BT B BIIFE
M7= (Fig. 5A, C),

WIZ, dDAVP L7 IR L B L OKFRRR I 3510
IGF-1 FBUC B KT T HBA L7z, dDAVP LU~
IR H IGF-1 REA A EIZEAD S E 72 (Fig. 6A),
%72, dDAVP BIOTaeINITHEER O IGF-1 5#8i%
WA SET=D, KRG, IFIE, Bl &igo
IGF-1 B BUZ B Z B KIF X0 7= (Fig. 6B) ,

Fig. 4. dADAVP FEFIET Y LMSED ~ A A A FEBUC B JE 258

(A, C) dDAVP #[El# 5 8 JEM %I, ~TABEMERR (A) &eFAf; (C) 7225 total RNA ZHliHHL, IGF-1, FGF2, Fndc5, IL-6,
myostatin, follistatin, activin, TGF-B, 18S rRNA DU /L&A 1 PCR #2471 -o77,

(B, D) dDAVP ¥l - 8 MBI, ~ 7 ABEIER; (B) LET AR (D) M bAe SO HAML, IGF-1 & GAPDH O =A% 7 ik
fENTEAT T2, IGF-1 2L B DIRBIL VT oV AR — 2> TEREL, GAPDH OFBIL~ L CTHIELT,

TI70%, B EEERREA R T, **P < 0.01. *P < 0.05.
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Fig. 5. 7o BIRFERIKT Y AMIEN~A A DAL FHICB LT T %

(A, C) 7okIrlEIFS 8 BMM#%IC, ~7ABEER (A) eI A/ (C) 7°5 total RNA ZHiHL, IGF-1, FGF2, Fndc5, IL-6,
myostatin, follistatin, activin, TGF-B, 18S rRNA DU 7 /LA L PCR #4777,

(B, D) 7 uIRIE S 8 IS, ~VABEERS (B) LbTARS (D) bA <78 afhHL, IGF-1 & GAPDH DU 247y
RN EAT T2 IGF-1 22 X EDORBIL ~LE T U MAN)— (2 &> CTERL, GAPDH O BIL -~ CHIELT,

TI7NE, T RS A RS, **P < 0.01. *P < 0.05.
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Fig. 6. {X 7 MU AMMLAE D~ » A df H 35 L OV LR D
IGF-1 Bl I JIF 58

=

(A) dDAVP FE7ziZ7mEINYIE 5 8 lfH# I, <V AfLiE%
FRELL, MLi% IGF-1 J 2 E LT,

(B) dDAVP E£7-i37 mEINYIEI G- 8 E I, ~ 7 AMERER)
(GA), KEvE, i, AR (WAT), Bl 5 total
RNA ZHH L, IGF-1 & 18S rRNA DUT /L Z A 2 PCR fi##T
{17,

TI70%, ERHE RS AR, **P < 0.01. *P < 0.05.

3. 5 IGF-1 #BREERG - BRSO EAEE D

I, ERRIH A LIZ~ T AICBWT, IGF-1 8L
BROEHEMHEIRL D AR T 21T o7, BEERFR LD
EZ AR IGF-1 $BUE, KERE O E BVITV, BEEE
I, B A B EFER A R LT (Table 1), SH12, ifi A
IGF-1 LI, KRG OWFiHEE BVITV, FEE B,
BN B IEFEA R L (Table 2), £7-, L IGF-1
TREEIIHEE R B LT A D 1GF-1 FEBLE A B 72 EFAR
%77 (Table 2),
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Table 1. ‘B4 IGF-1 mRNA 3H& L BB L OVEfakE

& D REE
IGF-1 mRNA levels
Gastrocnemius Soleus muscle
muscle

T P r P
dDAVP
BV/TV 0.893 <0.001 0.714 0.002
CtBMD 0.778 <0.001 0.678 0.004
Grip strength 0.882 <0.001 0.644 0.007
Furosemide
BV/TV 0.704 0.022 0.702 0.016
CtBMD 0.738 0.009 0.733 0.010
Grip strength 0.756 0.007 0.741 0.009

dDAVP 721X 7 vt I Ryl s 8 HE#ZIZBIT A~ R
WERE RS 3 X e 5 A 15 IGF-1 mRNA JEH & L e B &
(BVITV) , BB E#%E (CBMD) , 8/ & OHAEESHT

EIToT,

Table 2. [fiL{F IGF-1 AL & flids K OVEFRIE & OB

Serum IGF-1 Serum IGF-1
dDAVP P P Furosemide r P
BV/TV 0.761  0.001 0.715  0.013
CtBMD 0.782  <0.001 0.684  0.020
Grip strength 0.844  <0.001 0.725 0.012
IGF-1 mRNA
GA muscle 0.756  0.001 0.699 0.017
Soleus muscle 0.827 <0.001 0.751  0.008

dDAVP F7-iZ7meIRNIER S 8 %I~ A MG

IGF-1 B Lk B i & (BVITV) , BB 5% & (CtBMD),

1, BEBEH (GA) BLOET A IGF-1 mRNA I &0
HFHB T 21T o7,

3.6 EHBREMNEF D LMIEICKDIEALHED
BLICBKITTHE

WAL, G5 N7aeIRIC LR Ef EOWRDIC
BRI TRELHRHF L, Bk b, 7eteINcLs
1A Na AR P2 A I EE S 7= (Fig. 7A) . M55
1%, 7 EINICEAREBAD LIEK T2 BEiICEES
7= (Fig. 7B, C), &blZ, M 5%, 7rtINIcEd
SE R, VM B, W E, WiEg BVITV,
R BB O 24 mE L= (Fig. 7D-F), £7-,
W G137 mBEINIC LD MEIE R IGF-1 B ds LN+
IGF-1 IREDIK T2 A EIZEE L7 (Fig. 7G, H),



>
w
(@)

% %k
M1 1 I —1
£ 150 —~ 30 < 200
5T 2 -~
== — o
§ 5100 E, 20 ‘g‘:
£ £ g o 100
2o 90 = 10 I
Q = o [«
n e o] =
0 @ © o
Water NaCl Water NaCl Water NaCl
D E sk
. S o
o 309 k% Kk £ 200 *
=z 1 e r ] Control
§ 8 20 22 [ Furosemide
£ < 3 100
o % 10 z E
S o % O
=£ 0 w O 0
Water NaCl S Water NaCl
a0 300+ sk skk 20 &>1000
£ Ar— _ E M1
S 200 2 =
§ > 10 £ 800
100 >
=
: = =
= 0 0 O 800
Water NaCl Water NaCl Water NaCl

G H
kk  kk
<15 £ 2009 I 1
) % Eo)
w e £
Q ? 1.0 -
B & w100
(O]
£30s o
£
s DEC 3
0 & o
Water NaCl Water NaCl

Fig. 7. NaCl #5037 0 BIRFFRALF N U A ME~T 2D &I B LT T

(A) 7eRIRPEE S 8 %I, NaCl # 5~ 2B LU BB DI IE R L, M5 o AR EABIE L,

(B) 7uwBINIE& S 8 M #1215 NaCl &G~ AL IREEDOR EAMIE LIz,

(C) 7rBIRYIE# 5 8 M #IZ NaCl £ G-~ ALt FREED PU 8 71 2 E L=,

(D) 7o EIRYIEIE S 8 W% ICE R CT # AW TaH i mafllE LT,

(E) 7o&INYIEI G- 8 % IC~T ABEIE R (GA) DE&EAZHIE LT,

(F) 7o eIRYIEIR S 8 WR#IC uCT ZHWT, ~UAKBRE O E &% (ToBMD), e & & (BVITV), RE&&HEE
(CtBMD) Z#HIE L7z,

(G) 7 EIRWIEES- 8 HM%IZ, ~VABEERA 5 total RNA ZiliHHL, IGF-1 & 18S rRNA DV 7T /LA 1 PCR f#fia17-7,

(H) 7aeIRgE# L 8 MM%IZ, ~ 7 AMIEEZR I UINIE IGF-1 2 2R E LTz,

7I70%, EHEEEREAEA R T, *P <0.05. **P < 0.01.
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3.7 BFMNIDLMEICKEZBELEHHDEVIZHFE
T EHEHRREAFDEFER
RNA > — 7 24TV, dDAVP HAVNE 7 a3

RIZEoT, BEERR T 3 f5LL EFEBLD L 7= KA HlH
L7z (Table 3, 4), HL7ZK 7056, MM RTET S
RrizE AL, BML7zRE &L T Selp(P-EL27F V),
WA UT-R-£ 1L T Edil3 (Del-1) F£EBiA 7=, dDAVP 1Z,
WERERS; P-EL 7T 38 BABE NS, MEREAT Del-1 FHi%
BrLEET= (Fig. 8A, B), 73R, HEER, P-EL 2T
HBIZ WIS, Del-1 #8148 & 7= (Fig. 8A, B),

Table 3. XF-F» AlfifiE~ D ADPERE ) F6 L OET A T

FEHLAHE N L 72K+
Fold change
Gene Gene accession Gastrocnemius muscle Soleus muscle
number
dDAVP Furosemide dDAVP Furosemide
(>3.0) (>3.0)

Myh7 BC158070 729.0 9.1 13 13
Tnncl NM_009393 177.7 10.7 13 1.0
Tnnil BC023170 97.7 9.8 1.9 13
Sin NM_025540 25.2 5.0 3.0 1.0
Tnntl AF020946 225 37 13 1.4
Adoral KC881107 17.1 18.9 0.9 21
Mybph BC116684 11.9 155 10.8 82.8
Selp NM_011347 8.3 3.4 2.2 2.2
Tpm3 BC092045 8.2 51 1.2 12
Atpla3 BC020177 4.2 5.2 19 0.9
Myh7b NM_001085378 41 59 2.2 19
Primal NM_133364 4.0 4.0 2.3 2.3
H2-Q10 NM_010391 3.8 35 0.2 0.4
Pnmt NM_008890 3.6 222 2.7 225
Actcl NM_009608 33 3.4 1.2 1.0
Siml NM_011376 3.2 4.1 11 0.9
Histlhlb NM_020034 3.0 4.0 11 2.4
Fmo2 AF184981 3.0 4.0 21 46

Table 4. K7 N AMJE~T ADPEIE T B LT AH)
TR UK+

Fold change
Gene Gene accession Gastrocnemius muscle Soleus muscle
number

dDAVP Furosemide dDAVP Furosemic

(=0.33) (0.33)
Dpfl NM_013874 0 0.23 1.61 1.25
Gm14288 NM_001033123 0 0.28 0.22 0
Grm8 NM_008174 0.20 0.16 1.07 0.60
Cnga3 XM_017313745 0.25 0.24 1.20 0.77
Cacna2d4 ~ NM_001033382 0.29 0.29 0.93 5.50
Ccl24 NM_019577 0.30 0.08 2.00 0.09
Edil3 NM_001037987 0.31 0.27 1.33 0.17
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Fig. 8. (X7 RUD Al il 23E # #5 Del-1 B8 LT
P-ELI7F U RBLCKRIE T A
(A) dDAVP 5o\ N T 7 e INYIEIR G- 8 HFEIZ, <~ APEIER
76 total RNA ZHiH L, Edil3 (Del-1), P-&L 7 F 2,
18S rRNA D7 /L5741 PCR fiftTaAT -7z,
TI70E, EE AR R, **P < 0.01. *P < 0.05.
(B) dDAVP & MI7 IR HIEHE - 8 I, ~ 7 ABEIEf)
MBZ L EERRIHL, Del-1 & GAPDH O =247ty h
fATEAToT-,
3. 8 BFRUILREMN <D RHHED Del-1
BLUP-ELIFURBICEKIZTHE
X Na L, wI B AL Sl bk E 7 s
MRIZBNT, Del-l BERABAD SN, P-ELIF
FIEUTR L B IIFS20 72 (Fig. 9A) . SH1Z, 1K Na
X, a2 bSE 7= C2C12 FIfIZ B8V T Del-1 %
A SIS0, P-BL YV F U RBUT B 5 1
E&720r 72 (Fig. 9B) . IKIZ, EBRIHE AL 7-~T ATk
W, B Edil3 FEELEE I L OVES TifaiRs O HAH RS
SR T o1 BEIER Edil3 28 80%, KRS O &
BVITV, EHEEE, EHAEREMBELZRLT
(Table5),
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Fig. 9. &R A~ A il Del-1 I8 XY
P-EL 7 FURBUZ I LT T %

(A, B) ~TUAfEHIE (A) BI O~ Af MR C2C12
I (B) BB ES R E 2 KT N AT
FHiC 24 BEREIESEELT-%4, total RNA ZhiHL, Edil3
(Del-1), P-£L 7>, 185 rRNA DY T /L% A 1 PCR fif
WrEtTo72,

I, EE RS AR, **P < 0.01.

Table 5. H#A5 Del-1 FBLE AR 3 L OVEFEIE L D B

Edil3 mRNA levels

Gastrocnemius Soleus muscle
muscle

T P r P
dDAVP
BV/TV 0.767 0.001 0.377 0.150
CtBMD 0.530 0.035 0.379 0.148
Grip strength 0.647 0.007 0.383 0.144
Furosemide
BV/TV 0.727 0.011 0.885 <0.001
CtBMD 0.736 0.010 0.870 0.001
Grip strength 0.728 0.011 0.727 0.011

dDAVP F72137 o eIRFIEES: 8 IR B~ ABEER
BLOET A5 Edil3 (Del-1) mMRNA F B B LS BB & (BVITV),
FE B EEE (CIBMD), 81O BN TE1T-7,
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3.9 Del-l MYV REFMMICH LTI EE

~ 7 AYMREE R SISO T, Del-l 1 3E M
SVIC BT AT AV RAT 72— (ALP) , A AT
TN BT BT IEINS T2, B R B4
receptor activator of nuclear factor-«B ligand (RANKL) &4
ATF T T VY RBICH B B ES ol
(Fig. 10A, B),

A Mouse osteoblasts
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Fig. 10. Del-1 28~ A LI I KIF 32

(A, B) ~UAEIEMLE Del-1 /714, FEAFAE T T 24 FERIES
#L7=1%, total RNA ZHhiHiL, Osterix, 7 /L HUKA
774 —E(ALP), AT A B/, receptor
activator of nuclear factor-xB ligand (RANKL) , A A7
F7 a7 =V (OPG), 185 rRNA DOUT VXA L
PCR BT 24T >72,

TI70%, EYE EERER AR T, **P < 0.01. *P < 0.05.

3. 10 Del-l B’ REFHEMAICHE KIFTEE

~ 7 AP AL AT, Del-1 1 atrogin-1
BELO MURF1 Bl A BICEA =¥ (Fig. 11A),
SH1Z, Del-1 (T~ Af 2l T Akt & p70 S6
X —BoV U LA InEE7- (Fig. 11B) . —77, Del-1
1T~ ARSI T, Akt DU b A SIS H7228,
p70 S6 ¥ —E DV ICITF IR EL BXITSR
M7= (Fig. 11B) ,



Fig. 11. Del-1 23~ AfpHIfIZ s KiF 42

A) ~ U A% Del-1 777E, FEAFTE F T 5%V < IfiLif

GBI T 72 BERES S L7214, total RNA ZfhiH L,

atrogin-1, MuRF1, 18SrRNA ® Y 7 L % A 1 PCR fi#4T

1170,

7770, U EEEREES T, P <001

Del-1 77/E, FEAFAEALT 1 WifREa% LTz~ 7 A5 2El

BLOHEMNG X X7 B R L, U Bk Akt
(pAkt) , Akt, U > &{t p70S6 ) —+ (pS6K) , S6K,

GAPDH ® 7 = A X T a vy NN EIT-77,

xR
AMFFETIE, dDAVP II~T AR A S, 7akIR
X~V ADIET), S5, MEREATF SO ARk &
BSOS, &I, AR EITT IR EHK
k22 A mE S 7=, Barsony HiE7 > MIEWT
dDAVP (XA EMA7AME Na MIEN B2 SEHZ8
EHEL TS W, ZHHDOFERDD, (K Na IEIT~T A
WCBWTH EEHNEIR T SELIENRBIND,
LSL722365, 4 [al, dDAVP 3K 8 &4 5 i 2 80
ST, BEIE RS B LT AR Ok E B T
R IIFS o7, ADAVP [RAEEE IS5 L
5, dDAVP IZ LA/ B EA& i B RO LI AR b
I L DA QD AREMEZ BT 20N D,

BAK & B ORI AR - A U 7 g 8t B
(5 5 # ) NTEELTRY, ZHUCiE, BRI B U
SHERHNCEELBIXT IGF-1 RED~AFH A

B)

4.

=4
-2
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DEEPHESNTND Y, ABFZETIE, dDAVP HHU T
7aEINIZLAIE Na fEICE-C, BEIERPET AFHIC
BB IGF-1, IL-6, v AAAZTF Y, TAVL Y, TIFE Y
REDAFIALFBNE LT, Zid&Y, 1K Na ififiE
I~ T RZBNTEEG DO~ AT A 3 WL
BXIETIENRBINT, £z, S BEIOHZEIZIBNT,
dDAVP B L7 oI XM 3 LOVEHEAL O IGF-1 5681
S, % 51X dDAVP L7 uBIRicEs I NG
O PAEEES T, 2D, (X Na M B 1IGF-1
AW SEDENEZLND,

PEER M A O IGF-1 X EIATIR CREAES I, A& 7ok
THRENREZRE TS, £72, IGF-1 1L, 1FEAE O/
IZRBILTRY, RFTRIAEZ R T2 ), ZhETo
WG, IGF-1 1/ 2E M O /3 (Lo O TUHE, )
B R IE AN, 52 S S RATHIN Joo T RN
WZFGTHIENABN TS 510, 2z, 5EED
IIZFE RS, BHAIZEITS IGF-1 3BV MK Na
MIE LD FH AN HFETDHIENB R HID,

A a], dDAVP BLO7aEIRICLAE Na e,
<~ ADE A B S, SO, W57 e kIR
IZEDHE N 2 A BICEE S, ZhbOHE b,
X Na MIEIX~ T ATH N EWDSELTEN RS,
Alal, =T AZBWTEREM IGF-1 FELIE ) LA B
IEARBEA R LTz, £7=, van Nieuwpoort &3 fin & |
BT A IGF-1 ULz ) LB § 52 LA &
LTWa 1M, 2 &b, B TO IGF-1 UL T 23,
i Na fAEIZ L DB INK FIZFF 53 AR B 2 Db,

ABFFEIZEBVT, dDAVP BLO7 kIR~ 7AK
& oW EE &, WMEEEEE KEFEEEE
P ST, IBIT, WA B IE T e eIRIC KA E B
DEABEIIZEESE -, ZETICYH, (£ Na MENE
BEWADIELILTBRICHEINTERY W1, ASElE
[FAR DR R DGO, BB I AT AL W%
ML THEREERTHIENMLN TS Y, 4,
i IGF-1 8 LB A% 5 O IGF-1 BT B iR LA &
IRIEAHBE AR LT, IGF-1 1, ‘B2 kD8 B E
JLESHE, BRAHINEES ¥, I, IGF-1 1, [HHE
REHII I I WTE F ks BMP-2 I2X5 A K
EEARESHE D O, ZNHOFERDD, M IGF-1 5 #

-
[y

-
(-



5 H Sk IGF-1 Db MK Na I fiE 1o L5 B (2%
B9 Dl REMENE 2 HD,

RNA o — 7 ALY, (K Na ffE CH BN L
TOMB~ AT A ZHBL, {IMT 2K &L T
P-ELIF %, Wi 35K F&LT Edil3 ZfhiH L7z,
P-BL 7 F 3 & N RS/ MR B IR BIL T0D
JRE@ S N ITETHY, #Er FELUTHRREL TWD 2,
P-BL I F LB THRI T DZEDRIINLTNDN,
ZOREIT R THY, FRBHIRBITHEES AP T
&% 29, Edil3 1 Del-1 BT, HIZBWTIE, B9
bR, fE AT B, B E AR e S OEHI A
WS TWD 2129, A [E], K Na BT~ A5 Hi i
IZBWT P-RL 7 F U R BUR BE B FE I o 7203,
Del-1 B L&D S 872, EHIZ, ‘B H Del-1 #8113,
MHEEERIORETEREELEDOHBLZRL,
Del-1 [E~7AF IV CTE ZE M 2 b1 B
T AR F ORI EIEIMSE T2, ZNHOHE T, Del-1
(K Na MIEIZRFEE AL, BIC/ER T8 #
VAFT AL THDHAIREMENE 26N 5, £72, Del-1

X~ AT MBI NT, fiZe ™I 5 fif kI B
LR ORBEE TS, 2”75 KR ICE#E TS
VT IR AR ESE T, 2R, B Del-1 %
BLOMK F2ME Na ffE I LD BB L O K FIicd
B9 DAl GEME DV RIB ST,

AAFIERRE T, 1K Na MUIEDFHE B ~DFBIZ DN,
A& B OB BADILENORRGETT 52 81240, 4K Na fifiE
WCEDBEET, HABIOBEE I, BKGHO
IGF-1 & Del-1 O BUR T3 % 53525 WL
(Fig. 12, 13), &H1Z, & Na MJEICLDZNHDOE T,
W B 28D MF Na IREOEFick>TEIELZ
ZEMD, WY BT L a =T LB HLRIE A
PO, fERE & My A iE (i S5 A RE AR IB ST,
F72, ABEIOFERNG, Wy \T ABE LY rax
=T BIOVEHRIEIC BT AR ERK I, IGF-1 &
Del-1 3% 5L TWDIENE 5N, IGF-1 & Del-1 13,
WAy T AR LBV L a =T LR RLERE I @
LA T~ — I —IZ BRSNS,

Fig. 12. 1XFNw AMJEIZ LD EEE S B RIE T H B IO
B N U AMIEIC L D/, 87, B&, B IGF-1 &, M IGF-1IREDIK T, E/BRICX>TEETLZ &

DIRE ST,

Fig. 13. X7 MY AMAEIZI1T5 Del-1 D&H

K7 b U U AMIEIC L DB R OO TS, B Del-l BEBEDR TAHFLET 5 2 LavskEhi,
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5. SEROREE
IHNETOMRRLRICEY, XY T L HDHNET

2 EINICLDIE Na e, B I LB RITL,

YA AL ELTOE KM IGF-1 3L Del-1 J 8L

DAY, AR Na MLAEICLDE & ICHETL52L

MR INTo, LOLZRDG, AR Na I AE 258 5 il D

IGF-1 BXU Del-1 Iz D SHELHLAN=ALIZH

WTIEARHTHLI LD, A1, PR B ML

~ 7 AR R SR A R A D TR ET R D T2,

IH1Z, Del-1 O ORI IIETRELZD

TER AN =X BERFL, & Na fiiE S ra=7&

BHRIEL LT A=A TH Del-1 OEEI%

OENIZL TV ERHD,
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No. 22C1, 23C1, 24C1

Study on muscle and bone-related frailty induced by hyponatremia

Hiroshi Kaji, Naoyuki Kawao
Department of Physiology and Regenerative Medicine, Kindai University Faculty of Medicine
Summary

Hyponatremia causes sarcopenia and osteoporosis. Although the interactions between skeletal muscles and
bone have been reported, the mechanisms underlying muscle and bone loss as well as the interactions between
muscle and bone in hyponatremia remain unclear. Here, we investigated the effects of hyponatremia on muscle
and bone in mice.

1-desamino-8-D-arginine vasopressin (ADAVP) was administered to mice at 0.5 ng/hr for 8 weeks. Mice
were injected subcutaneously with 250 mg/kg furosemide five times per week from 12 week old for 8 weeks. Mice
in the salt administration groups were drunk 1% NaCl solution.

dDAVP significantly reduced grip strength, but did not affect tissue weights of gastrocnemius or soleus muscles
of mice. Furosemide significantly decreased muscle mass, tissue weights of gastrocnemius and soleus muscles,
and grip strength in mice. dDAVP and furosemide decreased trabecular BMD, trabecular bone volume, and
cortical BMD at the femurs. Among myokines linking muscle to bone, hyponatremia reduced expression of
insulin-like growth factor (IGF)-1 in gastrocnemius and soleus muscles and serum IGF-1 levels in mice. The
administration of NaCl significantly improved the muscle and bone parameters decreased by furosemide. Del-1
was identified as a gene whose expression was reduced in the gastrocnemius muscles of hyponatremia mice using
RNA sequencing analysis. Low sodium concentrations significantly reduced Del-1 levels in mouse myotubes. Del-
1 increased osteogenic differentiation-related factors in mouse osteoblasts. In simple regression analyses, serum
IGF-1 levels as well as IGF-1 and Del-1 levels in gastrocnemius muscles of mice were positively related to trabecular
bone volume, cortical BMD, and grip strength in mice.

The present study suggests that IGF-1 and Del-1 might be related to muscle wasting and bone loss induced by
hyponatremia in mice. Moreover, adequate salt intake may be effective in preventing hyponatremia-induced
sarcopenia and frailty.
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BhpkE=  22C2, 23C2, 24C2

TEMEART MY A UE I KRS HIEAR D AT = X DO EZ DIRBRIED P S

RR TR, AR AT gk ZG Y R WIZ, EBR] BR ERR R

LR P EE RN Sk« ARG - BE DRI R,

2 R ER R HERIE s 2 — L AT LERER R,

3 R ER R AR PR R A TERI L 2T N — P A = 25,
A BRI E R R I E B IR - AR

B E K RIT A (Na) e S is S O & W EMRE R IE Tho, Fx X, N HoR| JRIAE B (Syndrome of
inappropriate antidiuresis: SIAD) |2 X218 MK Na IJEE T /L7 M W T, 18K Na fE(C XD R iEkEsE, S ThEE
WELDHZE, EBIZED A=A LEWENILTZ, UL, B Na fiESFEHER O BEIZ OV TR SR 20,
ZIT, AR, BET VA A WTBHEIR Na MIEIC LD R LRERITENOMNT, A =X LOfEH, BLONREIED
BRAITOZLA BN LT-, $-, SE OBIRT — 2% T, 18V Na [ES Frailty o BHEMEC OV TEEA BT
ZAToT, BIMEIR Na MfEE T /L~ A% WA TERATIZ LD, 18K Na ME AR TE 2 38R 92 Z L3 D
\Zheote, Fiz, B Na MAEET V~TAORHETIZEarh=, R— 008 F &0NE BIZIK FL TV,
EHIT, K Na MAEZHIETHIEIEY, RERRITEIOMMASEEL, Rikiktab=, R— U EH &L IER
fELT=, 2090, Frailty 23\ @i Cli, KB X0 Na MEBE 28A BICHEINT52 R LNE R -T2,

ZOEINZ, 1B Na MIEDOHIEIZEE CHLEE 2 HNDHD, 1B Na MfEDIEHRIH, 2IICIE Na REN
A D LB EMENBEE A (ODS) ZFIE T 52 L0305, T4 1, ODS DIIEICIZ a7 VT DIEVEL R EE THD
ZEEABIILTETD, ODS TR HivHIr a7 U7 OIEPEAL S 272 M5 Na i B LA OB BN LD D),
FARRPE H T LD ZIRIRb DO THHDNTD - TR, EBIZ, BHEKNa EDI/ a7 VT ~DREL R Th o,
ZIT, Foxlx, a7 VTR BV-2 & 6-3 #lflad VT Na i E B L OV 02 IE DI /a7 ~DEED
AT ~7-, 10 H RIFLEE DX Na # B (36 mEg/L DK ) TiE, NOS2 K7D NO BEAENA BEITIE T L,
%72, Na RO EEE, K Na JEEEEREE T L ¢, NOS2 {171 NO PEAEITAEIC LH-L, Na D2
DEHERIZ0 7 )T ~DEE, ODS DOIRBIZH ARG T 5T REME S RB SN, £12, ZNHDZEKITIT,
B G K+ ThD NFATS NEEREEFNZ R TODIENRIB LT,

ZOEIZ, 1BHE Na EIC L RAIROMRE D2 LA L CARLZERITEN R 352 L, (K Na ffEDH IEIZXY
FNLDRWETHIEEZALITAY, 1K Na MAED T HHBIONERNEE THAZ LN D TURSIVE, Fie, 1K Na B
BRI VT ORBICE AT DL HLNEZRY, 1BYEK Na MfESEF 2B E O ZLIZBE 5L T\ D
AIREMEDRIB S LT,

1. BIREH JlAME Na IEIZH L T § 2720, BIEDZEL
&7 M A (Na) ME IS, BAFEREEDO T ThRbM K NaEITEIEIRTHHLEZLNTE, LavL, BE
EREmWRBTHD, 1R, BEDOIE Na IUEIZBWTIE, O Na UEERE BV TR RERR T, TR
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NT U AEEIRE OMBIEIRDGFRO B, 56, F 4o
UAZHHENIIL Quality of life (QOL) DK T & OVEfr T4
DFEAIRE DRI AER RO RE SN TEZ, Ll
7230, MEBMEIR Na MiiE 12 D0 FRAE IR 0O 5 SE A% 12
DWTRFLTZGEIE72<, 4K Na IfiUiE (2 KRRk
MNELBANT =X LT ONWTIRIZEAEHLMNZENT
(AYVAYRESY et

T, FexlE, AEIHUR]RIAE EHE (Syndrome of
inappropriate antidiuresis: SIAD) (22518 PEK Na e
BT NNTYREAERIL, ZHE AW TTEIRENT, ER
AP Oy T AR IRAT 24TV, 1B PER Na fLE
XGRS, RITHRENAELAHIE, SHIZEDAD
ZALZOWTHLNIZLTEREO, ZOMM O F T,
PR Na fLEE T VT RS R L ERTT B O 1Y i A 7~
FTZENRB SN, FT2, Frxld 70 LA Lo EEE %
KR EUTZRERAF TR\ T, REE DK Na fE D>
FEREBIEL TWBZEEHIBINILTNDA, Lo L7e3h,
BMEAK Na MSEIZ DR ERE DA =X LB L ED
TRIFIEIZOWTIHAL N2> TR,

% DPERNAL DA LRRATEY EBIE L TV D03, FFIC
AT BB B A R L TR, &5I2, SRS EHO ML
BEWE P ARLHEATEORBUCE L 5, Rk
IZIE, RS, M S0 Eah=2 (5-HT) =2 —rmi 73
FESEERT L TRY, EBREWIZB VT, EHEFNEIT,
AR LAV RBRIAR D 5-HT 1Rz 52 icdh,
NEHATIN AL THZENRESNTNDEY, F-, R
IZBWTH, BN e h= FEIA AL EZK (SSRI) 1,
B BRI kT2 RPMADTEEN B % 5.2 52 L
WEINTWDO, 0 X1, 5-HT 1%, Rk sED
FHEIZ T L CTRIE ORI ETLIENREBINT
Wb, 52, R—s32(DA), //VTRL UV (NA) b
AR DOBEREDEALZ B U C, REHRITENZFREIL C
WAZERRE SN TNDM Y,

HAR AR R ORI, 1 Na MUEICRT L TRl 4528
MTED, BRI, 2, Miast Na #REE-
1233 E DMK T U CKBSMBEN ~B B L2 k32,
D%, MiaE, BT, BLXOIAA /b=, T K
U E DOREBIEMEME O &2 U TR DK%
Wb S, MR RS TS, 2000, BT,
HBOARFERZIE L2, LnL, 2O Na MAECx 95

—22-

IR ORE R, IR EYE A S OT-MRNOREE
WVEIZIEF R TR L T0ND, 2070, KRRk
TENCREH 9%, 5-HT <° DA, NA {22\ CHK Na MijiE
DIRRETITZALL TWAZEDRIEE D,

ZIC, SRIOMFETIE, HEEHE DT NV —T BRI LTZ
SIAD &7 /L~ A% WT, 18K Na MAEIC LD
FRATEND A =X LD X OMK Na MEDHIEIZED
RERATEND PP FHE 2282 BRE LT, $£72,
ElnE OREE T — 2% T, IR Na fIEE7LA LD
BEEME DT 21 THOZ LB BRI EL TS,

Fo, Fxld, IR Na MEZMIET 528108, FiiE
s, SATREENUETHIEL R L TRE 9, 8k
i Na MAEDOM ENERRAYICH EE CTHHIENH L)
L2 o TND, LnL3D, 1B HER Na MfEDIRERFZ,
DM MIE Na HREEDS B3 2L iR % o fifiz
AU, Bk, DR, (AP, R E S
—IIIAR A WIREIRE L, TIXUIEESER L2512
JE i BB AR (osmotic demyelination syndrome: ODS) %
FIETDHIENDD, Bz X, ODS ORIECIZ/a7 VT D
TEHEALSEE CHLZEEHILANIL CEZ0 W,

AR IR RN D~ In7 7 — VRO R EMI THS
Rua YT AR RS E, 15 OMERE, MR E
Y3t T ARSI BB Rk E A2 G 35, £, I/
VT 7 AOKRERENICL 5T 5, SbIZ, I/
U7X, ZFRMREAIE, FZMtEAZRELE, 70
A~ — R B ORIEIZH B 5L QD /e s )T
IXSMEB RN SCIR R A SO 3 D ETEPE LS 4L, —R(b
%23 (NO), tumor necrosis factor alpha (TNF-o) , interleukin-
1beta (IL-1P) ZEDHA M A 2 % PEEL, MR L D08
FRPEEEZ SOICELS Db B D, Bz 1L, ODS DOFikE
IZBWT, RIS HOI7ar VT R EEL, IL-16,
TNF-o, FEA NO &% (NOS2) DI A%
ZEERHL QAW F7- 0DS £ LTy MIEBWT
1K Na MAEDIRIFERINCT TV AZ Y 3 /A7 %
Be5FHZ L8, 17a VT OIEHELEIRI 9528 T,
ODS DIFJERAAR FEEHIEE RHL TET, L,
ODS TR O OLANLIZrZ VT OIFPE(L 2472 fiE Na
BE EROBEBENREEIZIZON, MRRESICLD
TR H D THDHINTDN- TR,



EHIZ, BHAR Na MAEDI 77 U7 ~DE BRI 58,
FHTHS,

ZAVETIZ, Mifust Na JEEN~2rm7 57—, helper T
M, regulatory T AR OMEREICEEET 528050 £<
WESN VDR, ZRHOWMEDIZEAL LS Na BE
DFPHEREDFEE T D, FHT, ~ /a7 7 =IOV T,
FMAEAhE Na 2 EEAS nuclear factor of activated T cells-5
(NFATS) DR BB NS, ZHuzky, NOS2 (KIFEHED
NO FEAEDHINT HZ LM S TVHI (NFATS 13
K], BIROBE I ZHB W TREiRIBEI G T D5 R 1
ELTHESNZBIE T THDHW), LorL7es s, X Na
TR E DR IEHEREIC B 2 DR, Fric/m T I B 2%
HEIZOWTIHLNITe>TUVe0,

T, Fexlk, a7 VT MlaRE BV-2 L 6-3 Mz
AWTIE Na BEBLOZFDOEFMIEDIZaZ YT ~0
WAL LT, £z, TOAH=ALELT, NFATS 247
T AT OV TH T2 T 7,

2. MRAZE
2.1 ETILEWER

8 DI C57BLI6 ~ T AR IE B 5L F A€
U EEER YR K F1¥ (ADAVP) D Fifsi i FiEE1T 7=,
dDAVP @ H iz he—/ L 0.03 ng/h, 12K Na 1fi
FERE 0.3 ng/h EL7= (Fig. 1A) , 18K Na fifERED <7 A
X b — LRSI C, ZEL TS Na JREEHMK
TT252LzHE L T0DO(Fig. 1B) , & FE E 51X,

A BEER T
LIRS
| P>
Day Day WeekK WeeK WeeK
o 1 1 2 3
JoFE—IL B

dDAVP 0.3 ng/niFiniT FiEs +iRfdE

fE:Nal fiE BF

Fig. 1. 18K Na fET 7 /L~ 7 A DfER
(A) BFEERTara—,
(B) i Na JfiE #ifa: v ho—/L#E 484K Na LAERE

dDAVP # 5-BRiats, 2 L. ERE L THBATo72,
F7o, ARG B LN ADAVP O R FiEDH RIS
XV, 1% Na MSEDH EATT-7-,
2. 2 1TENEMT
2.2. 1 A—=TFU 74— LT RF

40 X 40 cm DFFIZ~ T A% AL, 30431, <7 AD]THE)
ZEiEkLTZ, 2L C, BB, S2b EAAVEE, ik
DX A R ) 2 gk L 729,
2. 2. 2 BAREEIRT X+

B S R 2 ST S E O I~ U A% A,
10 43, ~URAOITENZ ek LTz, LT, BIFHERERN
TOZNENOBEERE, WERM, 3L OBH LR
EATERLTZBEIEA R E L7209,
2.3 B/7IVEREAIE

EITIVELY, ZONRBPEDIL HPLC ¥ AT A
(HTEC-500, Eicom) Tl E L7209, Bk 7o 45507
DY T NVOBEBEREL, A F—FNAZH —REL
“C isoproterenol 5 /72 0.2 M perchloric acid IZ AL T,
AE WIS E CREY =3 — LT, FEV X —ME
20000 g, 15 4y CiElL, kjE% 1M sodium acetate C
pH 3.0 IZFHEEL, HPLC ¥ AT AIIA Y=/ LT,
2.4 M)TRO7UEERDOAIE

N7 7 7o D& EIE HPLC AT A (B RERT)
2T, BEROBORIEEAT 7219,

B 170 -

150 A

(mEq/L)

130 A

MmENaBE

110

Pre Week Week Week
1 2 3
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2. 5 HHRaIEE

~UAI a7 VT IR CdhD, BV-2 & 6-3 Ml Ve,
I Na 2 FE (Low salt; LS) BECIE, 15 Na iR EE IS IS5
728, 1~2 BRI O Na IR EE A R 2 IR FEE T2,
arvhe— VREETIE, 1~2 HEICEZBREZEBE O
Dulbecco's Modified Eagle Medium (DMEM) T2 #i%
1T7-72(Fig.6A) , 7=, > =h—/LZUINL, 15K Na 2
THLHY, RBLEIXFIEI hr—VEEL RIS THD LS+
Mannitol FEZ1ERIL7-, £7=, 1K Na {BEOZH M ED
WRAOFMZITO72DIZ, K Na IBEATFEL /1%, 8%
@ DMEM 225 2 % LS+ Correction #41ERLL 7= (Fig.7A) .
Bt DIFFRRASHURHZ, LPS FIREHEECIL, LPS ZUsinL7z
(NO PEAE B 100 ng/mL, ZALLIFMZE, 10 ng/mL
O LPS L), Feh O R IR A%, 6 el $7z
13 24 FFEIER I AR O REAT 21 T > 72,

2. 6 Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR)

RNeasyMini Kit (QIAGEN, Valencia, CA) % IV CHflfig
75 RNA ZffitiL7z, €60 RNA 13, ReverTra Ace
quantitative gJPCR RT Master Mix (TOYOBO, Osaka, Japan)
ZHWTHEEE L, cDNA Z{ER L, &5,
THUNDERBIRD SYBR gPCR Mix(TOYOBO) % v T,
gPCR #17-7-, HRYE(E D mRNA B, Acth O
MRNA FHLE CHIEET -7,

2. 7 Western blotting( X227 Ovk)

RIPA buffer 2 FIVv C, ik - M B i g ik 2 RS
polyacrylamide gel FE5WKENIZA TV, AT L AZERE LT
® 5, NFATS Polyclonal Antibody (PA1-023, Thermo
Fisher Scientific, Waltham, MA), tryptophan hydroxylase
2 (TPH2) (D3E5I) XP® Rabbit mAb #51124 (Cell Signaling
Technology, Danvers, MA, USA), monoclonal anti-p-
actin antibody clone AC-74 (Sigma-Aldrich, St. Louis, MO)
Z W THRE R AL T T,

2. 8 —BILER(NO)RERIE

581D NO JE £ 1T Griess Reagent System (Promega,
Madison, WI) & W CHIEZETT 72,

2. 9 Immunocytochemistry (§ & #if1L=)

HMIZL, 4% paraformaldehyde < 10 43 & £ 7%, 0.3%
Triton X-100 T 10 ZyflZ i@ 24T~ 7=, MldIE,
NFAT5 Polyclonal Antibody (PA1-023, Thermo Fisher
Scientific ) C %% 4 % 17\, DAPI (D212, DOJINDO

_24-

LABORATORIES, Kumamoto, Japan) CEZYtaa1T-7=,
e L7-MIRIE, v 74— — 5 — B8
(LSM710, Carl Zeiss, Oberkochen, Germany) C i &
1To7z, THEDEIZIBT, CellProfiler Z AV Th% -
AR e DT AT o T,

2. 10 NFATS BRIFBMDIEH

R 4270 (DOX) 5 T NFATS & GFP %881
4% PiggyBac hFo AR L~y 2 —AAHRIL 7~ (MectorBuilder,
Chicago , IL ) ( pPB[TetOn]-TRE>mNfat5:T2A:EGFP-
rev[CBh>tTS:T2A:rtTA:P2A:Puro]) , 2D 77 AIR &
PBase #%&Hl9 577 AIRN% K4® Transfection system
(Biontex Laboratories, Munich, Germany) % Fi\V T, BV-2
\ZhTU AT 2N T, TV AT 27 NUTZHIEIE, 5 pg/mL
puromycin DL~ CEIRZTT72, Puromycin M EDH
fal iz F T, DOX (D5207, Sigma-Aldrich) % # 5-1,
NFATS5 & GFP OIS ZFELT, KIZ, ZhHORIRIC
FV T, MoFlo Astrios sorter (Beckman Coulter, Brea, CA)
Z FAVNT GFP DD 5R Vil a8 R L, 96 well 7'L-—F
IZFN T/ —= 7% 7o, DOX #54#, RT-gPCR &
western blotting T NFAT Bl & D 5\ /e — 2 DEIR
1ol
2. 11 Magnetic-activated cell sorting(MACS)

v ha— VRO~ ALY R A B R K (PBS) T,
K Na IERFD~ 7 A13 0.8 fif | Tied 72 PBS THETL 121%,
R B2 8 % 4 HY L 7=, Neural Tissue Dissociation Kit—
Postnatal Neurons ( Miltenyi Biotec, Bergisch Gladbach,
Germany) & gentleMACS Dissociator (Miltenyi Biotec) % ]
VN TR & o7 B A L 7=, Myelin Removal Beads |l
(Miltenyi Biotec) CI=V> 7 7 V%FREL, Hi CD16/CD32
Pk (14-0161-82, Thermo Fisher Scientific) T Fc 7 v/ %
{T-7-1%, HT CD11b microBeads (130-093-634, Miltenyi
Biotec) % X & S 7=, CD1lb Bt/ m 7 U 74,
autoMACS Pro Separator (Miltenyi Biotec) THEfL 7=,

2. 12 EFHIRE

My Na JBERELETLANT 4 OREZ T ~DT-0,
BT IR 41T 72, 2010 45 2017 4EORIC, ENLRE
FEFM I 2 — s ka2 LT 70 Ll o
B 4617 NG iz,

(1) FEFEOBHHERERTE (estimated glomerular filtration rate
[eGFR] < 15 mL/min/1.73 m?), (2) IfE#3 D L 5- (aspartate



aminotransferase [AST] and/or alanine aminotransferase
[ALT]) > five times the upper limit of normal), (3) FIR R
R T IE (thyroid-stimulating hormone [TSH] > 10 WlU/mL,
(4) EEEDE I (serum hemoglobin [Hb] < 8.0 mg/dL), (5) =
I (serum glucose >400 mg/dL), (6) FIRIEARA H D EE
EBRAMNL T2,

TLANT 41345 BE BT, Frailty Index (F1) score
ZF LI, non-frail group (total FI score < 0.2), mildly frail
group (0.20 < total FI score < 0.3), moderately frail group (0.3
< total FI score< 0.4), and severely frail group (0.4 < total FI
score) IZ X3 LTz,

%77, I Na 2 < 136 mEg/L %% Na IfiLiE, MfiiE Na
JRIE > 146 mEQ/L %5 Na IES EFEL 7,

{EF L UVE Na MAEDSHE D4 frail group D21, chi-
square test & VN THEATL 7=, 135 OV&) Na IEE Fl score,

Fig. 2. T&MEIX Na MUE I X R 2R TE &2 B384 5
(A~C) A—F > 7 4= FF A FOFER ; (A) 2B,
(D~F) RGBT 2 b OFER ; (D) HEOWTER,

(E) =R LU RN TOBENEE,

FI domain scores @ B:E 141X Multiple logistic regression
model % FAV N CREL 72,

3. IRHER

3. 1 {TENRAT

F =TT 4= VR T ANTIE, B8R (Fig. 2A),
S _EAW[EE (Fig. 2B) I ba— L REL R Na ek
THBAZROT, IWEMEIC OO LM B T3 7
WIZEATRENT, Fe, TRKEAER A B IR
Na [ifiERE TR (Fig. 2C), (K Na MAERECARZHEITE)
DIMEFRL TWBZERIBE LT,

F7, PIRFRIRT AN CIE, BIEOWERH (Fig. 2D),
=N TOBENEEE (Fig. 2E), =LK E DB N4
(Fig. 2F) 1%, = h— LREL B L C, {K Na IMJERECA
BINSS, =TT 4= AR TAMDREREGDET, &
ZRRATENIDME Na MUERF THITRL TWVDZEAVRENT,

(C) ok DXl (£ AR ]
(F) B LRFEOBEEIEL,

(B) b By [E,

o hr—#E n=16, {KNafjiE n=11, *P<0.05 ; **P<0.01 ; ***P<0.001.
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3. 2 NEEELDE/TIVEHE

ATEHATE, IALEZ, BRARIR, WS, RPkACTE/ 7V
GHEOWMEZIToT-, FHZ, RIIRICEBNT, avbe
—/LREL HEEZ LTI Na fERE T 5-HT, DA A &K T,
NA &HBEORINERDT-(Fig.3 A, D, H), i EI T,
MR A B2 AR T o7,

F72, RKIERIZEB VT, 5-HT, DA, NA ZhFho
3 PEY, 5-Hydroxyindoleacetic acid (5-HIAA) , 3,4-

Dihydroxyphenylacetic acid (DOPAC) , Homovanillic acid
(HVA) , 3-Methoxy-4-hydroxyphenylglycol (MHPG) & @
HAFHREL, £E /7 OMRBIEEEOFFIE L L7223,
abr—/URE, K Na MUEREMICA BEEZRDh o7
(Fig3.B, C, E—G, I, J),

EHIZ, 5-HT OHIBMATHLN T N7 7 DE A &
(Fig. 3K) BX WY, 5-HT Az Thd TPH-2 D
FEHl & (Fig. 3L) IZHWREH CTHE AL -T2,

Fig. 3. 1BMAX Na MUEIC L 2 WADE 2 7 I SR EDOZEAL
(A~)) kRO 2 7 2 v BLOEOREMIOER (umolimgtissue) ; (A) Serotonin (5-HT) , (B) 5-Hydroxyindoleaceticacid (5-HIAA) ,

(©) 5-HT O GElE B-HIAAB-HT) |,
(HVA) ,

(D) Dopamine (DA) ,
(G) DA OftiElE (DOPAC+HVA]DA) |

(E) 34-Dihydroxyphenylaceticacid (DOPAC) ,
(H) Noradrenaline (NA) ,

(F) Homovanillicacid
(I) 3-Methoxy-4-hydroxyphenylglycol (MHPG) ,

() NA Of#fiElfiz (MHPGINA) . n=6, (K) k&> Tryptophan &7 (umol/mgtissue) , =2> hr—/UEn=8, { Na MEREN=7,

(L) TPH-2 D& 237 58, n=6, *P<0.05.
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3. 3 124K Na MEMEZR DL

ARSI dDAVP Fifsefk G-k 1 72 4%, 2 be
— /VREL ISP Na M EA ERE (i EAE) [ C i Na 2
(B B AR D72 (Fig. 4A)

A =TT 4= VR T ANTIE, 2B B (Fig. 4B),
S 6 E30[EL (Fig. 4C), o X EH/ERF ] (Fig. 4D)
A b — VRS ERE CH B ZALRO ol SHIT,
HIRGEIRT AN T, BIEOMHERH (Fig. 4E), BIEENT
OB (Fig. 4F), B R OB BRI (Fig. 4G) 12,

b — VSRR IO B 2L RO IR o T, ZiLbD
ZEDD, IR Na MAEAAHIET D2 8I2XY, R TENE
59 DI EARIES LT,

EHIT, ar e — VREEHIERET, RkED 5-HT
(Fig. 5A) & DA(Fig. 5D) & B\CA B ZEZ7ROIRN T,
NA &4 (Fig. 5H) I oW T, MIERECAEIZIE LT
V2, 5-HT, DA LT NA O GHEMA MR CH B2
Z iR 7772 (Fig. 5B, C, E—G, |, J),

Fig. 4. BMEET H U 7 AMIEDOHIEIC LY, REZHRITEIOWRITLET D

(A) I Na 2,
E~G) WHRHEIRT A MR ; () HHEOHERT,
o ha—UEn=16, {& Na MSEREREN =11, *P<0.05.
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(B-D) A—7v7 4 —/L KT A hOFER ; (B) 2ASENEHE
(P BH== T OUE=RNCORENE,

©) SrH bV ENEL, (D) FRXERERH,

G) M= LKFROBENEHL



A sHT B shiaa © sHAASHT
2.0 2.0+ 2.0+
> 154 \ \
£ E: []avbo—ngE
[ 3 R 1.0- T,
£ £ [0 ENamEm T
=5
0.5-
0.0-
oan F F HvA  © (DOPAC+HVA)DA
2.0 0.15 0.20-
o ©
o 2 £ 0.10 0157
= = S = 0101
: ] 3
- 0.05
0.00-
H I J
NA MHPG MHPG/NA
1.5 0.5+ . 0.8+
* % o o
> 5 047 0.6 ©
£ 107 £ 0.3
= = 0.4
E 054 E %7
01 0.2
0.0 0.0 0.0

Fig. 5. 1M Na MERTEZ DO RPkEDE 2 7 I v Ef mOZ1k
RHADE ) 7 2 o BIOEONEMOEEE (umol/mgtissue) ; (A) Serotonin (5-HT) , (B) 5-Hydroxyindoleacetic acid
(5-HIAA) , (C) 5-HT OfRE#flEl (5-HIAA/BG-H) , (D) Dopamine (DA) , (E) 3,4-Dihydroxyphenylaceticacid (DOPAC) ,
(F) Homovanillicacid (HVA) , (G) DA Oft#flal#iz ([DOPAC+HVA]/DA) , (H) Noradrenaline (NA) , (1) 3-Methoxy-
4-hydroxyphenylglycol (MHPG) , (J) NA OftE#EIEE (MHPG/NA) .
a2y br—/UiEn=11, {K Na ffEMIEEEn=9, *P<0.05 ; **P<0.01.

3.4 ENaREDQIIRTUTNDNOS2EHREELY  ffalsic, Nos2 mRNA OFHLIE, LS+ Mannitol B
B 480
oo ffhi’\;j;:ﬂ v 6 . Lpg VT LS BUEERSICETLE (Figs B, D).
0s2 m =T, -2, 6-3 i Z, .
\ e SO T WIS, LPS Ml HY OREETIL, BV-2 (BT
DY, 720, WTFNORIBIZIBN TS, RIS HE, \ » o
‘ _ LPS #i3#% 6 KEff1# > Nos2 mRNA 8l # L BV-2, 6-3
6 IFHIER, 24 RFfHRIERIC, LSBFCARICIK L/, (FigéB, D). | o X " _
NO FEA B, BV-2. 6.3 MHILE, LPS FICF, AL LS B MR NO PEAE B, LS LKL T, LS+ Mannitol
A= =£, 0-O 1N s s SN .
. BECIATRC LA LTV, ZORRNG, RIUTH,

TIKTL7=(Fig6 C, E), . .
9 LPS #li7e L OIREE T, 15 Na JEEE D 2L, LPS

&2, LS 12X % Nos2 mRNA % El&, NO FEAED . . .
‘ - Tos2 MIRA JEZe A, 5 AL D DHETIL, 15 Na I HEIEEIED F# RS
A, IR Na R B IS X200, BFBEOK FIZXDLD o
L TCWAEHEE XL,

MRFEAT 572, LPS 72 L OMRHETIX, BV-2, 6-3
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A AT AT LT i KT LR
AT LA +LPS AT LA TLPS
vy ¥ ¥ ¥ ¥ \ AN 2R R A
P S LS
A—L ERAEIR ARAEIR
(DMEM) 321 mOsm/kg 321 mOsm/kg 253 mOsmfkg
[Na*];154 mmol/L AT ™LA [Na*];154 mMol/L [Na];118 mmal/L
A7 s LIPS
\ 2R N 2N S
LS+ NaClE &
Mannitol i ER Mannitol;Z2E
321 mOsm/kg 328 mOsm/kg
[Na*];154 mmol/L [Na*];116 mmol/L
B Nos2 mRNA (BV-2) C NOE*# (BV-2)
. 6h LPS- 24h LPS- 6h LPS+ 24h LPS+ 24h LPS+
o
o *kk *kk
E 120 1 m 07 m 20000 1 **:*:** 2000 1 ****** 107 **:*:**
gl 1909 oo 4 0 =7 1 =
2 J 4 1
= 80 100 3000 4 6 1
X5 604 10000 o =
3 4 o 2000 A S 4 -
T 5 5000 1 1000 - 2 1
&)
= 0- 0 - 0 - 0 - 0 4
D Nos2 mRNA (6-38 i) E Noz:iE (6-3185)
6h LPS- 24h LPS- 6h LPS+ 24h LPS+ 24h LPS+
= *hk *kk ol 150 = Rk
© 140 7 K*% 250 - b 15000 7 *** 8000 7 *¥x *kk kK
9 120 - 500 2= =
| 1 6000 A |
o & 100 4 150 | 10000 - 100
£ 5 80 1 4000 A =
5 07 100 1 000 - 50 -
< 40 4 oo | 2000 A
£ 20 -
8 o- 0 - 04 0 - 0
Odato-0 W s W LS + Mannitol

Fig. 6. {X Na 2/ (LS) @ Nos2 mRNA 3l & NO pEA~D

(A) LS BEE LS+Mannitol BEDVERL T E,

(B, C) BV-2 ™ Nos2 mRNA FH & (B)

Bz 8
o2

L NO A (C) &

(D, E) 6-3a> Nos2 mRNA ¢Hi& (D) & NO AR (E) , n=5~6, **p<0.01; ***p <0.001.

3.5 ENaREQRERENI /DT )T ~D
BEEMNGEEE
BV-2 (2B, LPS 7LD 6, 24 KFEZIBIT
LPS #illi# &0 @ 6 FE# % Tl, Nos2 mRNA O3B &I,
LS #EL LS+ Correction BER Tl B EEZ RO T2
(Fig. 7B).,
F72, NO pEAE&IE, LS+ Correction #EIZFW T, LS

FELHL T, AEICEHLER, avbo— LB LA
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THBEIC/IHNE»-7 (Fig. 7C) , 6-3 fl i TIL,

Nos2 MRNA DOFEHLET, LPS HI%7/2L D 24 FEf#,

LPS HiliE&H0 > 6 Wi, 24 % T, LS BELHL T,

LS-+Correction £ CAHEIZHENNL 7= (Fig. 7D) ., NO pEA= &
¥ LS BELEL#ERL T, LS+ Correction £ CH & IZHINL -
(Fig. 7E) , ZNHDOFEFM D, 1K Na fijiE DS 1E 1,

/a7 U7 @ Nos2 mRNA FEEL &I IO NO FEAZ /D7
THE N ER-SEDTERIBS T,



AT LA

A AF 49 LT i +

\ A SN S SN

LS + Correction

321 mOsm/kg

253 mOsm/kg
[Na*];154 mmol/L

[Na*];118 mmol/L
B nNos2 mRNA (BV-2)

LPS

R ER

NaClEE

321 mOsm/kg
[Na*];154 mmol/L

C NOEt & (BV-2)

6h LPS- 24h LPS- 6h LPS+ 24h LPS+ 24h LPS+
P~ Fekk 15 *kk * e
S 120 q % b 20000 7 sk 5000 4 KEx xkx 129 Sk e
© 100 A k% 4000 A 101
(b 100 - 15000 -+ g 4
oo 807 3000 -
E = 60 - 10000 A 2 6
% 40 50 1 2000 9 4
o 5000 - '
I 1000 - 7
Q
O o- 0 - 0 - 0 0
D Nos2 mRNA (6-3if 1) E NoEx<E (631l
6h LPS- 24h LPS- Bh LPS+ 24h LPS+ 24h LPS+
o *k
S 140 - 250 - *kk 16000 * . ddd ol
e ] = e R e 150 1 ook xwx
b 200 A T
:;; 100 A 12000 1 15000 A .
ol g 150 10000 1 1co A
B ]
o = 60 8000 - 10000
s 100 - 6000 - =
g 0 o | 2000 4 5000 | 50 -
£ 20 - |
E 2000
o oA 0 - 0 0 0
Odzvto—-1 W Ls M LS+ Correction

B2 981

e

Fig. 7. 1€ NaJRfE (LS) OZRHAMIED
(A) LS OFFE L Z D2 MIED )ik,

(B, C) BV-2 ™ Nos2 mRNA #8i# (B) & NOEAER (C) o

(D, E) 6-3 o

Nos2 mRNA #Hi& (D) & NO A& (E) . n=5~6, *p<0.05; **p<0.01; ***p <0.001.

3.6 & Na;BED NFATS DERIBEE~DEE

Nfat5 mRNA OFH &1L, BV-2, 6-3 Mgl ic,
ayvha— LRELEESLTC LS BETCIE, ARICIK FLE
(Fig. 8A, C), NFATS #3278, LSEHETHEIKT
LT\ (Fig.8 B, D), LS+ Mannitol FEIZEHWTH,
Nfats mRNA FEHL &, #2378 LHITIEF LS BEEFL
LAULE T FL TV, 202805, NFATS IR EE
TIE72<, 1K Na BEICKIGL T, BEREME T 228
MNRENT=, £7=, LS+ Correction £ TiL, NFATS @
MRNA #BLE, ¥ /37&EHI2 LS LU THEIZ
EHLTWE=(Fig. 9A~D),
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3. 7 1B NaEE D NFATS DRRBITADSE

NFATS OIEMEIIENBATIC L > THRllEish s 2
ENIMBNTWD, £ 2T, {& Na D NFATS OF;
BT ~D DU T, NFATS (2% A s duta &
1T TR L 7=,

BV-2 24T, Fig. 10 [Z7R7738Y, LPS HIKIZBEH 5
T NFATS OENBATIZLSEEICB W THEIZIR F LT,
6-3 MIfIZIBV TS, LPS HIlJE7Z2LORAETIL, LS #ET

NFAT5 OFENBATIZA ZIZHl S T,



A Nfat5 mRNA (BV-2)

Ratio
(Control, 6h, LPS-as 100)

=
2 9 2z g N
o o O o

[
(=]

0

6h LPS-

*

*

| L

100 -

80 4

60 +

B NFAT5%. /8% (BV-2)

6h LPS+
100 = Fokk
*k%k
sod4 —

24h LPS- 24h LPS+
*Ekk
~ 12 - k% 08 Kk
E L] al wkk
c & 06 1 =
g 5 0.8 4
@< 06 4 0.4
8 q
[ o
2 S 0.4 o
S 02 4
)
0 0
NFATS [ [(E] ) P
Bractin [ [] e
C Nfat5 mRNA (6-3# fz)
6h LPS- 24h LPS- 6h LPS+
*%
5120 9 Gk 100 - Kkk 120 4
o . *kk
=4 L | = 100 -
a 804 N T
N 80 A ]
o 60 -
F— 60 €01
< i
$ 401 % 40 1
o
g‘ 20 - 20 4 20 4
O
~ 0 0 0
D NFAT5%. 84 (6-3%Fa)
24h LPS- 24h LPS+
* . **k
. 12 *kk ok 25 "
o 1 - 2 1
£ 1
1%' 5 0.8 4 15 -
Q'_.':" 0.6 4
R 14
g 5 044
5 o2 05 1
Q
0
NFAT5 . [ - (] [
B-actin ; ; | E E

Fig. 8. 1% Na ?;;%f“ (LS) @ NFATS JEH A~
1 % Nfats mRNA & (A)

(A, B) BV-2iZ
(C, D) 6-3 iz

BT 5 NFAT5 mRNA 8 & (C)

LRI BIE (B) .
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24h LPS+
xRk

160 1

*EkE
1404 -
120 A
100 A
80 +
60 4
40
20 4

0
24h LPS+
*kE

140 -

*k%
120 4 T
100 A
80 A
60 4
40 A
20 4

0
O ovre-n
B Ls

[ LS + Mannitol

Xy 5EHE (D) , n=5~6,

*p<0.05 ;

**p <0.01

 *x% ) <0,001.



A Nfat5 mRNA (BV-2)

6h LPS- 24h LPS- 6h LPS+ 24h LPS+
* kK Fkk
g 200 - *  kkk 200 + fadadd 100 9 lalolilelel Sl e
n 80 -
4 150 | T 150 4
o 60 o
5~ 100 - 1 100 A
14 % 10
° .
g <0 2o - 50
o
(&)
~ 0 0 0
B NFAT5%. /¢4 (BV-2)
24h LPS- 24h LPS+
—_ 12 - *kk Kk 1 -
] I kkk  KkK
T 08 4
cw
o o8 4
@ — 0.6 -
@ < i
& g 0.6
= o 04 4
“Z— g 04 <
[ 0.2 4
G 02 - ‘
e
0

nFaTs [ (] ) =]
{B-actin E E E EEE

C Nfat5 mRNA (6-3iE i)

6h LPS- 24h LPS- 6h LPS+ 24h I;I:*S+
S 200 - ol 100 - 140 - * 250 9 Sk xxx
=) *_kkE EEX - —
= _—— 120 A
” 20 200 -
@ 150 - 1 i
B 100 1 o
L 60 A 20 150 o
T -100 |
x %_ 40 4 60 4 100 A
B 10 1
= 50 - 50 <0
8 20 -
0 - 0 0 0
D NFATS5%. /5% (68-35@118)
24h LPS- 24h LPS+
12 - Fxk kkk 251 p=0.052
s 17 2 1 O —vro-n
E 1
"5 o 08 4 15 o
® - ' W s
Q.C 06 4
8 & 14
&= 04 4 .
zg "™ I LS+ Correction
S 02 4 >
S o
0

NFA'?’S (] (55 [=]
Factin [ ] ey ===

Fig. 9. {X Na 2% (LS) ORHAIED NFATS SBI~D %
(A, B) BV-2IZ3!F % Nfats mRNA RH&E (A) L ¥ 7 #BE (B) .
(C, D) 6-3#0fic}1} 5 NFATSmRNA REE (C) & & /7 %HE (D) , n=5~6, *p<0.05 ; **p<0.01 ; ***p<0.001.
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Fig. 10. & Na #2/% (LS) @ NFAT5 OENBIT~D

B2 98]
I

(A, B) BV-2 D NFATS fofEdutaff, NFATS (F) , DAPI () ; (A) LPS7¢L, (B) LPS®Y, A4 —/Ls3—:20 um,
(C, D) NFATS O ORZMIE L OFHARER ; (C) LPS7Z2L, (D) LPS &Y, **p<0.01 ; ***p<0.001.

3. 8 {& Na BE T TO NFATS DBEIRBENEE

BV-2 [ZH T, DOX iFEMEo> NFATS @ FIFEHkk
ZAERL L 7=, Z OMIN A FHV T, 4K Na 2 T T NFATS
OBFIFEEIZ L Y Nos2 mRNA DOIEHER LN NO
ABOKTZ L AF 2—TE 0% L7,

FA —7 BV-2 2 DOX 2N 5 L BEHOD®E Y ,
Nos2 mRNA 516, NO FEARIIIK N L7225, NFATS
DORBUITHEE 5 2 7o 7= (Fig. 11A~C)
DOX #HEM: NFATS iR BKIZ IV TIEL, DOX %
Mz 52 EI2E D, NFATSmRNA &, ¥ /37 &
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& HITEIN L7z (Fig. 11D, E) , LS #EICEUW\ T, NFATS
R FEHE TS Z LICX Y, Nos2 mRNA FH &
(Fig. 11F) B X ONO FEAE (Fig 11G) & bICHE
WCHIMU 7=, 2o Z &0, K Na 22X Y, NFATS
%41 LT Nos2 mRNA 78l &, NO EABENK N5
ZENRENT,
3.9 Invivo TOENaMEDI 2 OS5 ) FADEE
I ha— O~ T ADO KM E D HE L 72
S/u s U TICHEEL T, K Na MUEREDO~ T A5
HfEL7-3 7 027 ) 7 Cld, Nfats & Nos2mRNA %515

PAEBEIE T LW (Fig. 12)



Fig. 11. NFATS i Fl s Bl 52 2%

(A~C) A —7 BV-21Z8i} 5 Nfats5 (A) , Nos2 (B) mRNA #IL&E L NO EARE (C) .

(D~G) FxHA 27V (Dox) iHEM: NFATS EEIFEIR BV-2 12351 5 Nfats mRNA 558 (D) , NFATS % 7 &8& E) ,
Nos2 mRNA %8 (F) & NO /R (G) ., n=5~6, *p<0.05; **p<0.01 ; *** p <0.001.
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Fig. 12. 18K Na MAEET /L~ 7 A0 5 MACS CTHEEL7-X 7 1 7 U 7 OfiE#r
~ D ARMEZE NS MACS THEEL/Z-I 27127 ) 7dD Nos2 (A) & Nfats5 (B) mRNA JEH&, n=5, *p<0.05.

3.10 E MZHITSHENaMIEE 7 LA ILDOBEESE

395 ASBRAMEHECHGL, AR 4204 A2V Tt
17077,

i, YR, BE IR, Ca WAIDOEH], AT+ A7+
2—hOfE], AST, CRP, &L, &M THiE%S FI
score 23 \WEETC, A BRI L ONE Na Il £ odds ratio
DI 7= (Table 1),

Tablel. 7 LA LT 4 OHESEFEF L O Frailty Index (F1) 0 ifil i Na B iE~0

FI 5 HANCEHG 95, X Na [fifiEl%, Basic ADL,
Instrumental ADL, Physical function, Nutrition, Fall risks
from physical weakness, Fall risks from comorbidities 5
H DA kL, & Na IffElX Cognitive function and mood,
Basic ADL, Instrumental ADL DA H O vEZE i
FIBE AR 7- (Table 2)

E/
-2

Da AT 4 7 [BFSHT

TEBER MSEEHK n F v Rt (5%EMXE) @ n v X (5W(SIEXE) b
1K Na IfijE 7 LA L 4060  1.63(0.79-3.38) 3922  1.48(0.71-3.10)

GEYERE . 7 LA 72 L)

AR LA L 2.12 (1.02-4.38)* 1.85 (0.89-3.85)

GEYERE . 7 LA 72 L)

FET LA L 4.27 (2.14-8.54)** 3.63 (1.78-7.40)**

(BLUERE . 7 LA V72 L)

FI1 (0.1 F5-1%) 1.53 (1.34-1.76)** 1.52 (1.31-1.75)**
& Na i 7 LA L 4089  2.05 (1.15-3.64)* 3951  2.05 (1.15-3.65)*

(BLHERE - 7L A2 L)
HEET LA L

(BLHERE - 7L A2 L)
HEEZ7L AL

GEAERE . 7L AL L)

2.16 (1.20-3.89)*

2.04 (1.11-3.76)*

2.19 (1.21-3.95)**

2.01 (1.07-3.8)*

FI (0.1 F5-18)

1.13 (0.99-1.29)

1.15 (1.01-1.32)*

a fEf, MERIIZ W TIREE,

boiEdn, MERI, FEBIR, bavv A8HF, BRT73AT43—], aspartate aminotransferase, C-reactive protein, 1ML,

18 I L2 D TR,
*p<0.05, **p<0.0l.
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Table 2. Frailty Index (FI) % KAA 227 @ 01HEMIT & OMiE Na BREIEICKIZTTEZEOR AT 4 v 7

B EEen
KA A iR e Is) FRENRERE & H G LR ADL FB:r) ADL
{5 Na IfjE 1.08 (0.93-1.26) 1.06 (0.99-1.14) 1.25(1.15-1.37)** 1.10 (1.03-1.17)**
= Na IfiE 1.07 (0.93-1.23) 1.07 (1.01-1.14)* 1.12 (1.02-1.23)* 1.08 (1.02-1.15)*
EIRMESIC XL D PHFERIZE D
KA A Sy {/RpERE EEi3N i R S/ HRfE Y R
1K Na IjiE 1.12 (1.03-1.21)** 1.11 (1.03-1.20)** 1.17 (1.09-1.25)** 1.15 (1.06-1.26)**
& Na I 1.03 (0.97-1.10) 0.98 (0.91-1.06) 1.03 (0.96-1.09) 1.01 (0.94-1.09)

i, PERI, BEHRM, hvw LK, AT 4R 74 3—b, aspartate aminotransferase, C-reactive protein, &lIfl, = ILEEIC

DT,
*p<0.05, *p<0.01. ADLs : activities of daily living.

4. B

Fex DML Na(FR Y L) MAEET VT e Vi
RN T, F—T2 74— VR T ARDRE R, 18K
Na MAEIZEY, NI TR R T A2 L RS LT
7o, U AET NV WAL TH RERORE R L7220,
&M Na I LD AR TR TR D2 & RS,
F7-, Box OElinEE RS TR FAFZE(2) TH K Na i
BB, O DRRIEREZ AT 2B MNZENHH)E
2o TCUNA,

RN B2 B =30 o e DARR [E] B D B8 L R 2 ARAT B O
B PE RSB D20 E72 > TOD A, ARAFZEICLD, 18K
Na [MLEC LD R ZERRATEIOHTRIE, AR DOREAE 55
EDOBEAVRIRE 7=, 1K Na iUE -~ AD kIR T,
5-HT (Erh=2) OFH EIMEFL T3, 4K Na i
DRHEIZEY, REFITEIOUELEDIZ, 5-HT OFH &
HIEFALLTZ, RHKAD 5-HT &H BOIK T SRR TE)
EDOBIHENHISN L7225 TR0 20 BHEAK Na IEIZ LD
REFATE OB TRIL 5-HT & RO F LI 5L
Ez2on5, BHEENa MEET /L~ AT, a2 ha—L
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Summary

Hyponatremia (HN) is the most common clinical electrolyte disorder. Once thought to be asymptomatic in
response to adaptation by the brain, recent evidence suggests that chronic HN (CHN) may induce neurological
manifestations, including psychological symptoms. However, the specific psychological symptoms induced by
CHN, the mechanisms underlying these symptoms, and their potential reversibility remain unclear. Therefore, this
study aimed to determine whether monoaminergic neurotransmission is associated with innate anxiety-like
behaviors potentiated by CHN in a mouse model of CHN secondary to the syndrome of inappropriate antidiuresis.
In the present study, we showed that CHN potentiated innate anxiety-like behaviors in the light/dark transition and
open field tests. We also found that serotonin and dopamine levels in the amygdala were significantly lower in
mice with CHN than in the controls. Notably, after correcting for CHN, increased innate anxiety-like behaviors,
decreased serotonin and dopamine levels in the amygdala were normalized. These findings further underscore the
importance of treating CHN and demonstrate potential new therapeutic strategies for anxiety in patients with CHN,
which will improve their quality of life.

However, in the treatment of CHN, overly rapid correction of HN can cause osmotic demyelination syndrome
(ODS), a central demyelinating disease. Using a rat model, we have previously shown that microglia play a critical
role in the pathogenesis of ODS. However, the direct effect of rapid correction of HN on microglia is unknown.
Furthermore, the effect of CHN on microglia remains elusive. Using microglial cell lines BV-2 and 6-3, we showed
that low extracellular sodium concentrations (36 mmol/L decrease; LS) suppress Nos2 mRNA expression and nitric
oxide (NO) production of microglia. On rapid correction of LS, NO production was significantly increased in both
cells, suggesting that acute correction of HN partly directly contributes to increased Nos2 mRNA expression and
NO release in ODS pathophysiology. LS also suppressed expression and nuclear translocation of NFATS5, a
transcription factor that regulates the expression of genes involved in osmotic stress.  Furthermore, overexpression
of NFATS5 significantly increased Nos2 mRNA expression and NO production in BV-2 cells in LS. Expressions
of Nos2 and Nfats mRNA were also modulated in microglia isolated from cerebral cortex in CHN model mice.
These data indicate that LS modulates microglial NO production dependent on NFATS5 and suggest that microglia

contribute to HN-induced neuronal dysfunctions.
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N TRE S VAR (LPS) , mfRRIE, 7L A ~A
v, FVAVEE, BIGREERBI O], B OVEXTMAE
WBMERHSNTE2M, Znb0ET VB O T,
XTI EAE T 2T L SREMEMEAG S 2L TD
EEZEZBIVTND, BTIE, [RENIT—T /b, BRREX
S, E#ERE RN, BLO=T ey ko i
TR~ B G EATHZ LN TE, ZNETITKRIGH,
Va—REF AR T )LF ) =Y, TIF INRF LA T Lon
—a—FoxiiER 1, FRsL T v ma—F =T
EETH I N—T OEXTMAMEASNTET,
LL7RIR0, H—i8 A OFANEIZ X > TR S D ik
IR TRV, HYeEhYET L CiEapE
MAEMEZOLOEFHTLULERDHL, ZIUTXHL,
2022 FEFEIE, ~ TV ADREFE U O ENIRAEY #E VT
RAMEME T R OERUC R LTz, BT, ZOFHET L
~ U ATIE, B AL FRBENENT 2 OS2
BHZEEWLINC LT, $72, 2023 EFET, HiET L~
U 2% T, 1) HERE Cl == — v T 1 e e
WRGENEGIZ LD RIER DB 2 E, 2) R
S M I LS R RAMEME I IR I T L, IR
IFIERE Cl =2 — R CHEJR CERN2 L, 26
\ZLTz, &BIT 2024 1, B ARIC I DRRmENE iz
FEAR DG Iy 1 A = X BH DN T 572012, Ml
Sl AR DR E AR TR A AT o7,



2. MIRAE
2.1 EEREY

AWFFEIE, HARAEBSESOTAEBEFEIRIZ BT 28
BRI BT A ARSI > T T, £, K%
BRI, I R E R BT Ko TURRRS U,
224 45 LA Lol C57BL/6) ~ 7 A ({KH 20~35g) %
HA SLC BlALTZ, X TOVT A, 12:12 FFfH
DOHEEF A NVTFT, ZV—7THEBELE, BiRIX
24 + 1°Clff~T7z,

2. 2 FRBREEMEMATET LY AN FEEEE

e STz O A W O &8 N ST Lo CRamE
PERT R ZAERIL 72 (Fig. 1), Bk F~U AL OEAY
TN XS THPENI A A BRI LT, WL T= AT 7 D
SeSmA B LTo N CH, BRI (T LA n—h A
Ta—ar 7 A TRELT, CO, A FaX—F—H
THEEL, WD A 3R (600 nm) I THIEL =,
BoNI= 7 E|AR I —7 % al(1+exp(b*(x-0))+d] & DL,
T4 T AT I —T DEAREIILL T O XD o 72,
a=1.9461, b = -0.02784, ¢ = 549.9269, d = 1.9461,
TAT AT =T DI KT ANTO B35 12
FoTHBN, KT A ZRTREENITEE E B MR
9 B ThoTm, LTzd- T, AEBRTIE, rdmkit
Jifi g 2R X4 7-012, 9 RefREaE L7z 0 e e
WMELER L, — 75, SBEETIE, MEERLEE
TOWEM#E A B TR RIRE R E WS LT,

NI AREAV TN THEEL, OPbRETFa—T %
AL, REF2—7 1%, RV=FLoFa—7 (PE-
10 334 TN PE-50, Becton, Dickinson and Company) %
Wiz, RAHEPERT R A B X Tl BithE & T
100 ub OE:FE OENAEM #E, Ta—T7 %N L TR
BWNICBE LT, [EWNEEO 3,9, 24, 48 REfiit41Z,

SEGIPEE O i fa NP (AR ER AR 7K (800 pL) ) 12T,
RUE SRR (BAL) 24572, AEBE R HE/K T 2~50
fFICAR LT BAL ZEHLT, P AMIA A RIE LT,
—, BEREL QWO BN S [RE NG LT
< AD BAL %, AFEEKT 4 AR, VA b1
ZWPEL, BAL FOHF AT A 1%, ELISA Fv b
(Thermo Fisher Scientific) Z{# L T IL-6 ZHIE L7z,
2.3 BERZMHESMEINREREMEDREICSEZD
LB O

B E M E AR IESE A7, RGBIER T
TTv AT 11005 mglkglday) 2 2 JEE&R 5L
MG, BAKICTAEREEKRE G2 %5 0z, 7o
Ty #E 2 %I, BiAETe 100 ub ORGE
NN #EE2RE N G-L, BAL F1O 1L-6 OfE)
O F MRS M v LR 23 R il 2% |2 G- 2. % 52 B AT
L7z,
2.4 EfE C1 —a—OVEHENBREDLOOFTH

IR T A0 R

A3 (120 mglkg) BL U720 (12 mglkg) FREE T
\2°C, I RVLM 58Ik AAV2-CaMK2-ChR2-mCherry @
TANANRZ—% 5L, it Cl ==—na  RERAITL
ZREBOOEDTHLT ¥ FNaRT LU EIRBISHE T, [F]
BRI, IEBE Cl =2—nm  OFHRLDT=0IZ, TA VAR
H— B E I T 7 AN — B LT, ZOTFEIZLDY,
473 nm DL —HF =2 HWT, I8 Cl —=o—o a0k
PEAL T DL TED, Filitk 4 HREFEE DY A U —H]
MR CHREBRAIT o7, 70k, FEBRAITORIC, L4 CL
=a— AN B O BRI RELL TODE I DT
RBHFDOI, TVFRAETTT f—F ¥ " —%F O
It T B RER B DO BN fesB LT, JEHlIIZ LD
IR DYEIND D325~ AD T 7 BRI I,

Fig. 1. FABEMEITRFZEBRDO X A LT A .
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2. 5 RERfie S sz MR AE O 7R HYIE T A7 4T (RNA-seq)

FTRCOXTRIAY T IVT U R T4, TR
AL, S i> RNA 1% RNeasy FFPE Sk
(73504, Qiagen, N1, /AT ) Zfd L CTREBIL 7=,
P27 V% 40 uL @ Buffer PKD IZTHfEL, 3uL D7 1
TAT—¥ K &%z T, 56°C T 15 4y Fax
—hkL, £D1% 80°C T 10 /A F=2~—kL7, RNA
7112120 uL @ TRIzol LS Reagent # 2 72D H 12,
32 uL OrmrRLE MR T, Yo T NERNT I AI
FH—TRAL, 4°C 13000 rpm T 15 Fy i OB 7=,
& 15mL O~A7uaFa—7I1Z8L, 10pug 7=
— 7% MMZ T RNA ZibES w72, XL v b 4°C
13000 rpm T 15 Fyfiliz Loy BfEL CRIMLL, 80%=% /—
JVTC 2 [ LT, Bcfen7e <L v e 6 ul ORI
L7z,

FE#LXI 72 RNA O 13 RNA 6000 Pico Kit TR
L7-, K& 7= RNA(3.5uL) Z SMARTer Stranded
Total RNA-Seq Kit Pico Input Mammalian % L T
— T IAT TN T, FAT ZV RGO 1 ul
ZHEALCUT AZ AL PCR 1T\, FA 7 ZVHAIRICE
7% PCR 7> 7L —h&&E PCR A7 VAL LI,
B2 PCR AT Y A NIA L T v I AT T4~ —% L
TIT o7z, ZD1% PCR FEM %, Stranded Elution Buffer &
K& 1:1 OERTHASDOETEHLE,

P FND RNA T a7 7 A NETIETHI-0DFA 75
YE541%, NEBNext rRNA Depletion Kit (Human/Mouse/Rat)
F3J4 TN NEBNext Ultra Directional RNA Library Prep Kit for
Mumina Z-f L TIT o7z, Hf&il72 PCR EE#I QIAquick
PCR Purification Kit ¢ EB /3>~ 7— Tkl - i H L 72,

TATZVD G LT High Sensitivity DNA Kit %
AL CTRIELZ, 747 VST VIRETRAL, <
NF TV IR =l T afTole, =y
1Z1% NextSeq500 System zfif L7z, FASTQ 771 /11X
BaseSpace Onsite [Z&->CTHERKL7-, FASTQ 771 /LN
DY—K% CLC main Workbench {ZA> AR —kL, =7 A
DVT7 7L A7 7 5 (mml0) IZv v B 7 Sivlz 49585
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BIRFOT /)T —varey ML TERIL,
Total Count 381 T* Reads Per Kilobase of transcript per
Million mapped reads (RPKM) fif & B f5 L 4> 7 Ui AfT
AT -T2, U T VOfENTIZIL, RPKM fEA IEHEL,
ERBIOT4— VR F o MR L, E—b~y
T OT-DIZIER S RPKM I3k 0.01
BT, log-2 #A 7 \ZZ8#a 7=, Total Count fi%
IEREL, ANOVA T 24T -7, EHIZ, RNAseqChef
(https://kan-e.github.io/RNAseqChef _manual_japanese/)
ERWT, mAV=ABL OB A ey —fif i %
1T-o7=,
2. 6 #fiEtwE

T RTOT —HIZOW\WT, D'Agostino-Pearson f# &
F7-21% Kolmogorov-Smirnov & i& % I L CIE#L/04i
BRI, A EIZ oW T, Brown-Forsythe 1€ %
AW TRET LTz, IEBL A0 L5 3 B D FMED Tl 7S 4
T a, St A EMIX t BUE, —JehliEEE 2o
AL D ANOVA Z HIW TR L 72, E72, MEITISTT
Tukey, Dunnett $,L<i% Bonferroni ® % & LR E %
WU, TN TOMEIT A E + S E DR HERR =T
FORSN, MAHIABEMEIL P <0.05 £L7Z,
3. MRFER
3. 1 FRRERER X ET LYV RO FRESHE

BEHIZC 9 RSB U 0 ENMA D 2K E NI
3ok, 5 14 R T BAL H1 IL-6 DIENE E
WAL 7= (Fig. 2), —J5, B5#lcT 9 Byfss& L= 0
ENTAE Tho T, #5- 3 IR CIIA B2 X
BN T, JERDFETHS LPS OKE N L
TI%, BAL F10 IL-6 235 3 Il C e — 21+ 20
IZxfL, Brae L7z AENIAE [AE W G- CTlL, BAL H
IL-6 DfED e 5- 24 Wil I L O 48 I % TH BN
L7z, 72, S S L2 |S O~y AR THE, &5
48 HFfE1#% > BAL H IL-6 DfEN G~V A THEIT
FnoTo, I6IT, EERICTHRERZ R T5E, &
H. 48 Wi # D BAL 1 IL-6 OfE2MMEIC L~ HECTH

WZEnol,



RABEPERT R AL DO 72012, 9 WFfH OO DI ORE R & KUBN#RE- LT b RE SUMlavtdi (BAL) £REXE TOREH

Fig. 2. Rt/ g8 i RE AT,

& 14 RENCRRE L7,

3. 2 RIERZMUEMEANREIEMEDKEIZSZS
2B D

BBIER T TT YA T 11(0.5 mglkg/day)
B 5-U7ei3s, SOKICTARREKE 5258, B+
73 83.8+ 1.1 mmHg 75 119.8 + 2.6 mmHg (24 & 20
L7z, ZOSTUATIE, avrha— izt~ BAL o
IL-6 DIENFEIZE ST, —HT, 7oyt 7oy
I GET AR KT EET-~UATH BAL H
D IL-6 DEAT M — VB _EEICRE D oT,

3. 3 R C1 —a1—O R Kk BIRMEME R R IE R A~
DEE

LPS & 5-#E Tl s UL LPS # 5 3 KEfH#12,
H eI A e BB CIIUAE # i B 24 R,
ZAEI BAL ZEREL7-, 8 A BLO 24 WAL E
DT AZEBNT, LPS LT E LI N IENMAEY
ERIEWNIZE S 35E, BALH O IL-6 DfEITA E I8
me, @ECEEPA MDA BOENTALNRN T
(Fig. 4), LPS KUEN# G~ ATIE, 8 HAD~TA
FEEIERE CL == —m U HIEIZ LY BAL 1 1L-6 OfE)
BRI T 20IxL, 24 BHLLEO~T A TIEA
BRI TR ALNeh o7 (Fig. 3), — 7, K& L7-0
PENTRAEM ZKBENICE S Liz~T ATlE, 8 40
T ATYH 24 WAL FO~T7 A THIERE Cl ==—1Y
TN LD P RIERN RIZ AL 207 (Fig. 4) .
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3. 4 BiRARIHRERMSHAIEEIC T HERE C1 =a
—O RIEDMR

RIGAMICEAEIME~T AT, B L DN
A OKIENEE LY BAL F 0 1L-6 DIEAEE
WZHEINL 72 (Fig. 5) , 2OV T AIZIER Cl ==—0 %
T>Th, BINL7Z BAL 10 1L-6 O &S5 L
Vel B BALIZAE L2 h 72 (Fig. 5) .

3. 5 R EMEOMENERFREIT (RNA-seq)

MRt 7 DL I B RN AT O L, RAMEME T 2% &
FIELTo T AT, A LT-5E (SB) LTV
Y56 (WB) DBR T HBL S F — NI RE o T
(Fig. 6),

B ALV L85 0% 532 THY, #
B R B LT 5 T 0%% 14 Th-72 (Fig. 7).,
IHIZ, GO fRHTEATHIE, M/ ALV LT s T
I~ ra77r—OlEERICET 280 Th-7- (Fig. 8),



Fig. 3. ZEff C1 = = — v L HIlIKIC & % A it ¢ OB IRizh 5
8A~ T A TITIERE Cl == — a1 VHIC LV, LPSICX B AaMMA%OKRE Mlassdit (BAL) o IL-6 [THEICET
L7=Dizxt L, 24 G EO~ T AT, ZoORRITR N7, **P<0.01,

Fig. 4. JEfE C1 = = — v AT K AR 7 D EERsh
HE S T AENBAER) D KGE N F 5T K D BMERTRIZISWN T, IERE CL = = — 1 Il K D BUSIERRIT R b e o7z,

Fig. 5. 1@ MM IZxd 2 B2
B S 72 DENIAE O KBNS L 2 EMEiRICBO T, EAERIC L 2mmEIc LY, [EIMRkEiE (BAL) F
O IL-6 [ THEIZHEM LTz, *P<0.05,
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Fig. 6. MiEGHAZ > RNA-seq %ﬂ%mt% ST
FEMEMERT 2 2 RIE LTc~ U AT, oA LSS (SB) & LTWAaWngE (WB) OB THRE/ Y — U IIRE B o
Tz,

Fig. 7.RNA-seq i L Bt — F~v v
WAAMIZZ VN L BETFOBIE532 TH Y, BEFREEANED LIBEFORKIT14 ThoTo

Fig. 8. RNA-seq 7 — % @ GO f&#r
HARMIZE VD LEEBEFd~rn 7y —VoOlEERICET IO TH -7,
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4. B

AIFIETIL, ~TANDIFZ OENMAEDZ 9 Kef
BEEL, AL~V AOKENICK 5752 TBALH O
IL-6 OEAAG BN, BIE, &5 L7 &K+
DOWAEY 7 a7 74V E BAL FOMEM T 077 A V%
528, Wik R BRI oMM A B L
TWDN, RFFETIE, Db DENMA Y O &2
DHEDBIEZDZENT R OERICEE THHIENH
DT oTe, EBIZ, mEiln 3o KL OIS TR AR 23 8
BT B2 EME, AMFFEITTHEZE L7 5 5 R we v i 2
TN~ AIEERIERIZIEWET L~ AN 2D,
BEOTIETIE, M T O~V ACRENICTF 2a—7
EARE T DM N B DI END, A% 13 T REE 25
STV ADERL MBI RDEEZDND,

FxIZNET, T Cl —=—u Z2Hig+5L,
FE — IE R AN L CLPS KUl N G- (2 X D&M it 2%
DS NDZ LA L CE200, ZofREETIE, il
A S AR SO B B A AR NE AL D 28T, VTR
LR T R s g il a5 M b 975, FEBS,
PUIE N RN L B BEE D AT 270 B ME i i 2 45
BT DL, IERE Cl =2—n 2 T 5P RIES)
KBRS D, IO, MR Mo CD4 T Hifuz
HEEL T B2 ZEEOTIT=ATHHY LT ZE—/L
AL, ZOMEL MU RAIIE G T 5L,
FEO=TATIXRAMEM R OBREN R D R od, ZOX
T, JERE Cl ==—ra i &Ll S0 2 A 1 B2 72 B
NHDHZENDDD,

ZHETOWMITIE, 8 SO~y AEHNWTEY, K
WP THZEDOHBARAZENTE -, — T, AFFETIE,
24 B, LD~ AIZENT, G CL = o — A%

L Ch MR OB R RO EDIANNT 25T,

INEROFELL T, FfE R OMEREIR N oM BEOK T
NEZHND, Bz 1TTTIC, 24 BALLEO~TATY,
JERE CL == — 2 I 12 Rl A AR O SR FE BN
RDi, TORBEMEME T LN EE LML TNDD
EDD, R OBSEEIIR TN CODZEAVRIBE NS, 2
DZEMD, FLRIENFOIRFIZIE, ML o hE
DI THAREH-L COBFTREMEN B 2 DD,
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—J7, OENMAEME G L5 6 I, EHE Cl
Za— I DT RIE N R R e h o7z,
FxIXTNET, BERIEL F O — EROZFR
ZRCE, A RO T T VITRIENE e 18 A
DET IV THDLILND, BIRGE R TIERJERS
HEROBHBELEbD> TWARREE N E 2 b, 20
oy R ORI ZAL S ERE C1 == —a R O 2h R
EHRLCWDAEEMENR B 2 bId,

ARBFFECIE, B3RS M i 23 BRI i 28 D JiE
WREBEALSEDERHE L TTWZICHLBE DT, Eifn
JE A FENE L2 WR AU 720 CTH R e R A B b s &
HTEDBALINT T2 o T, PR — 5P R OIEPELITIZA
JEARE R DIEHEAL RN LETH D, LnLenD, BRiEA
i CIEF NY AT DY EARSRTIUTRB72V O T,
D7 b B AIEAFRIE BN K T35, BIEARIZE
2 M AT AR ~ D BT A THLH DD, flE
ARZDLDOTY, ik — 5058 R OIGFENE T AR
T LS W ATREMEDN B 2 BTz,

%I, BREAWTT COMRIER DN ELT DAL
=R LEWHGNTT B0, M O RN E &
RN ZAT o7, B AN TR T 585 08T 14
LR DD, v a7y —Y DlEEIR BRSO
AL BB E ThHoTz, T, M TRIENEUZEXIT
IR Mk 5 922 i B D i A= BE MK R LTV AHZET, MfiTo
FAEFIE N EAL L TWBZEDRIR SN, 5 %1%, H
Gy B DE D LD AN A3 Wi s 12 Hi e oD 3 A HE L
LG 2 TWDINEINEALITLMENRHD,
5. $%0ORE

ARBFIENCT, FIHRMEM T T L~y ADERLE,
BRI AN I L DRRMENE il & OB E N BN R 5Tz,
BIARICLDPIIEDN RO T ITIx, MRS i
D=ra7y—TEERK T RBINZD, GV
FIERHTHD, 5 %1%, BIEANICID 505 Mo
REIK FAWLCT DL T, AR M & e BE O
FAMEMERT R 2317 2, THEFEFH M It R E k32 [ 1)
SRR AR S TAO O RN e T U A ]
ICEBRL CWEZWEE 2 T0D,
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No. 22C3, 23C3, 24C3

The Effect of Daily Salt Intake on Protection from Aspiration Pneumonia
via Neuro-Immune System

Chikara Abe
Gifu University Graduate School of Medicine
Summary

Oral frailty is known that the progression of symptoms increases the risk of developing aspiration pneumonia.
Itis predicted that the number of deaths from aspiration pneumonia will increase from the current 40,000 to 130,000
by 2030, a three-fold increase, making the development of methods to prevent and reduce aspiration pneumonia an
urgentissue. Recent studies have revealed a relationship between salt-load-induced hypertension and the spleen.
It has been suggested that salt load adversely affects splenic immune cells. We have reported an anti-
inflammatory effect mediated by splenic immune cells through autonomic nervous system stimulation, and this
system also functions in pneumonia. Although this technique could potentially be used to reduce aspiration
pneumonia, its relationship to salt-sensitive hypertension is unknown. Therefore, the aim of this study was to
determine the impact of salt-sensitive hypertension on the spleen-mediated immune regulatory system.
Aspiration pneumonia was successfully created using the cultured oral microbiota of mice. Furthermore, in this
novel mouse model, we found that the symptoms of aspiration pneumonia were exacerbated by salt loading.
Using the new mouse model, we also showed that stimulation of medullary C1 neurons does not alleviate the
symptoms of pneumonia induced by oral microbial airway administration.  Furthermore, salt-sensitive
hypertension exacerbates aspiration pneumonia symptoms, which cannot be alleviated even by stimulation of
medullary C1 neurons. We also conducted a comprehensive genetic analysis of spleen immune cells to elucidate
the molecular mechanism of salt-induced exacerbation of aspiration pneumonia symptoms, and found that the
migratory ability of macrophages is affected. exacerbation of aspiration pneumonia by salt loading. The decrease
in anti-inflammatory effect of salt loading was suggested to be due to decreased macrophage migration of spleen
immune cells, but the details are still unknown. In the future, we would like to contribute to the “establishment

of basic evidence to propose ‘appropriate salt intake’ that contributes to extending healthy life expectancy”.

-53-



Bhpk &S 22C4, 23C4, 24C4

BEEREL DS MY R L O EEOEE S DORIEIZ DUV T O 2R R

T, EE ERTL Nl R TE iR e

L IUPIREE R Be i AP IEle 1 PR AEHE SR 1 e T DO 225 B, 2 A R RS2 R AR
3 MR R B PR et - AR A A 0 B

B E AFIEEE AR TAMENORER TLHY, HEMED#EERICEDYIZBREERO—>THD,
e THITE, HRENIEE R pH EEGITMZEY OHIEIZIS T A B BRI B CTHAZ LB 2T, REe&E
S TWAZEPHEERESND, [ITH b L TH BB O FEE EM AW #, SOIIT O EOREE IR T B
DWTIEHFIZH D72V DONRBLR Th D, Z 2 CAMSE TIERER IS DEETEMAED #E B L O 0 PErR ke S
O BIEIZ DUV TE AR 21T o720 0TICIE 2012 4F (24 ] W RS AT LT T T b7 TG BE R TR I
B ORBMA CIFLIZ 40 100 79 MOZZ2EOREM Y &0, HEHMED O RIS LOMERE V-,
WG ORI e ds L OV R 2 2 L2 4L 16S rRNA &5 T-00 V5 fiEilEia & — 4 e LT 2 & PCR & V1-V2 fEi o
R H R T DS <R B AR SRR RO QR EL T2,

B Y B SNSRI B W THIRLIZEZA, M TIIREMAY BEORDZ WV CHRIEM Y &EOKD
DI ONEEEBEEEIXIZIER S THST-DICK L B CTII B Y BN OV EHZE A B ICBER N D 72Tz,
BT O EMAE#E DO LIREIT T2 2 A, MR P ORME &IX B, KON bl fEfIcZER%
RDIRMoT, — I THMEIZB O TIT R Y O OEET N ERRIED RAF2E CRVWVERULEE B 52 E0diE
SITNWDT N—T 2 A E RO RO B R MEA A 78D 72, ZPEIZ B W TIIMBE I b e H 3 & 22 R

b7,

AT LD BYEIC BT 2 BEEBIEOHINE N EORFRRED AR B 36 JOVH B # O T o A0 kL
DOBIEPRIBIITZ, BB HEICB WL A BEOEEEHER A5 2 592 THREEIEOE IS AL LERDHD
EEZ NS, RIFFED AR EFE TR OIE(h 2 B L R RHREE R B IR A D QOO TEERTE TR
(IR DEWIRFTED,

1. HEEM IR EETHY, DPEFIEMAED # OB FIZH-S<
HALE DAY DIZALE $ 2 AP, FEHEEE I O PELREE T 7 0 — TR LS I TUORN,
BOIRNE DAY DEEIR DO E T A RESR A 5L BHFITHE ITELRTHMAEMORKEBR THLHY,
LTARBLTND Y, i, B85S 3 DNAZ55HT 35 WIEM A ERRICEADYIDBREER O —>ThD,
HEREAORE R MATIEOMNLIC I Z O RMBGOIEN 20 CHHE, HRENEES pH L&A D
AIRELIRY, T AR NSA T — T RN I DI ST AR, HARIZ 3 T D E R B B ChH LT L5 2 LT,
ENFEORREEDBIENHL)N /2 TEIZ 29, — T KREREEIEZH S CODHIENHERSND, EBRIG T
NENZNRRDWEMFEREROREICEDIERIC A0 KREEERNEEREY EERIC S b E2b =61,
TR A N L CRIMEIZ A 535283 ESN g 9,
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FIHE RIS O AR 0O HEFE AN RS BE o 2 MEHR
DITRRKUTH BT G- LD D, (Zh b b T B I
N e ERAE 0 D ED R RIE T B D\ V(i
IEEAE RN DORBIRTHD,

2 CARMFSE Tl HUSE RO BB RS 0T
WA EOME KB IO O ERERRE DO A &

REDEmHAOEEDRFTZITIZ LTz, ZHUTXY,

W72 O R ER A s, = U CHEREZR D e A MERFL C
WO Z Tl IEZR B HHE RIS DWW T O #RE H5 LT,
2. MRAZE
2.1 AEXNEE
2012 AR\ ] RAE R ARG ILET T 40 sl Lok R%
K GAAT DAV AETE BB T2 Ic s E %
AHFIEDRF G LTz, Afd2 T8 OFTR T %
JUM Kt PRI ST I8 1B [ 5555 B9 3 e 6 T 95
BERYELUTRY, Z2E 0D 0 PEEBCRREIZE TS
ARSIz, SIS MA~ORIBEEZ T3 58
D AP E AEM AL o5 % o3 T 2 T2 0D MR DR B A
1T o7z, FEAFZ TIIRERADITON, HXHFRED
BEEREOHFERLEEL TWD, AEEREL O
fEFERIEL DB IC B WX RHMER A2 %2 T 5L
RSB LB 2 oWkt L LTz, 7R
DIRPUZ OV THRIELIZE IOV TR AR M
WAEB A L OBEIZ DWW TS O SBE L LT,
BAHEWE HTNE OFEMZ LL P IR,
2.2 AERE

WRHERZ CIIRBZ B L O I Tl oK iEZ, #H

Ry T a—7 % Tl JEFLRCIR RE A B L, BATE
¥k, HBRICRE T AR L L THORRRBR M 5, RIS
BT DL LTl JEAR 7y MRS, ZV =)V T BT AR
B, 7r—t U J R IO A R DA BUR L7,
F72E K O E AR A A (YT =R, KISO
YA AR AR ZHWTRIE LT,

KB T E &AW EBUHER A LEEL VT
1To72 B MOBECR I T2 RIZENGIUET H A
BAERER S RICE SO TR RSN TNV A&
HEICREMAY BRI,

1 78 3 LE PR E ) BE AT DT 5t B 812 2 Sy DA 2
DOUEMGAAKAE L 7=, T LG WS a =L F o
— N\ SN T R 0 B AR E - FREk LT DB
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KT THIFEERICERBIRY, O ER A D5 &
1To77,

2. 3 OFEEMEMEDTE

2. 3.1 EREICEFTNDRHMFE DT

FREICFE DR oT\ER BRI ZNENIOE —X
% AW TRAE W RESE DNA 2Rl L7, BRI
B EIND O E T AL 35 O KA B B XIS L7 R
WIRFEE DNAZEFIL L LT E & PCRIEA W CIRIEL T2,
A EIEALSCd D 806F (5 -TTAGAT ACC CYG GTA
GTC C-3’) L 1* 926R(5° -CCG TCA ATT YCT TTG
AGT TT-3") & SYBR Green % i\ T 16S rRNA {51
V5 fElEY T LA 5 PCR {EIZKVIEIEL, BEMOED
HIE DNA Eosatg iR i35 L TR,

2. 3. 2 BBRICEENSMEEROTE

1 e TR A 4 5% O A A LS DWW I 16S
rRNA J&{xF V1-V2 fElkod M Bt A1 Be-S <M A Al
BT 154 =, 3RS IS o7 2 7 4%
—RLF 3 L ORARTRBIFH D& 7B A2 5 U 7= fi s 3
WELH 8F (5°-AGA GTT TGA TYM TGG CTC AG-3’)
FL T 338R(5’-TGC TGC CTC CCG TAG GAG T-3")
%7 TA~—E LTz PCRIEICED A AW RELE DNA KA
\ZE FNDHME 16S rRNA 51 V1-V2 B4 HEERA
(RN - BEIE L 7o, 45 56F R B DDA DAL TR ARTR B D
&7 BOFND B D EEME T % 300 44 R IR A UK R
L7cDb, v /b= PCRVEICKIVIERERSEHH VD
B0 DNA STl 72, FHEL 72857 DNA O3 R
5 & WA > — & > % —lon PGM (Thermo Fisher
Scientific £1) W CIREL T,

G ERESIESILT ¥ 7 2 —Blda R EL-0b
KRG B 2 7 BeH 28 LI 45 R F IR 2 1 T2,
BEWTIRGE W T B0/ AV T 4 Aa T &I SR WE
IR RN DR EAAT o T2, SHIT 97%LL E—Ed 2
fid¥11% operational taxonomic unit(OTU, #:/E_E D EFE)
WZHED =05, T ENOREESNZ 1 FEHE T LAl
57— 4R —2Tdh% expanded Human Oral Microbiome
Database (eHOMD) |Zxf LAHIFIMER B8 A1 THZ & Ty
HEZFRE LT, SRIBICE ENHEMITEY T 51
FEFRRH D NZE DRI RFITH KT DI IEESN %5
DUERE R T HZ L CHIERE R AR E LT,



2.4 o

2. 4.1 RIBENELARREBRELOBEEDRET
NG EER T2 IcBW R RMER 22T 5

EEBITME AR IR 2R AL L7 BB DY B R R AT

& LT E AR Hr OXRF LU, & & OEER

WK DIEZ N BUET B AR B AR R oy 12D

WCEHESNZ TN U AEES LICE NS

WAt BHE R CHUS Lot R38 o 1 e ORI

B2 REERE L, o T — 2By bR LT,

RIS B DS GEZ WL T 2D b,

F e D& FE R 8 J6 KOV AEMUAE 5 DR B L o> B

IOV T LTz, £2T 31X —1000 keal H7-0 D £

WAL EIZOWTHEEL, 2TV ThH U437 FE

2= H O ORI BRI T OV LM A # O

WRHEL DR IZ SN TN 2 T o7,

B BHEERS Tl IR L o AR B AR L, BiAE
g, OB BT A EEIEE U COBRIR SR £, o AR B
TOHEEL THEAR Y MRS, ' r—E 7 Lo
A BT DA DT A LT, Dfil, t)E0E, o
FEH L AR Y B L OB AFTET AT AT, O RERE
R EOBSEIC OV TR ZT T 72,

2. 4.2 BIEERELNEEEMENZLDOEE

(2oL TD&ET

FPREAE Y RIS WU BRI R T DAL
SROMEE H DR B 7 D BHED A I C DUV TRRETL 72,
e N TR RARATIC T o-diversity FREZEEL TR OTU
%, Shannon diversity index, Phylogenetic diversity %% H
L7z, B-diversity ¥ C UniFrac B2 5 H UM
D L VTR R T 72,

eV T EOWFFE T O FEORERRIRAEL DO BTE A RS
NTWDLLTD 4 SOMBEREORRLREZ R L, Rl
FAY BT EAS W ARSI T DR LR D A R
HEEZOWTHRRILT,

o UL—77 1 (R BREE T ERAERE) -
Streptococcus  parasanguinis , Prevotella histicola
Streptococcus salivarius , Veillonella parvula, Veillonella
rogosae

o UL—77 2 MR (RS EE T ERAERE) -

Neisseria flavescens, Porphyromonas pasteri, Haemophilus
parainfluenzae , Fusobacterium periodonticum , Gemella

sanguinis, Granulicatella adiacens
o PG MRESLHIERE (R BE R -
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Porphyromonas  gingivalis , Tannerella forsythia ,

Streptococcus  constellatus ,  Parvimonas micra

Porphyromonas endodontalis, Fretibacterium sp. HMT-359,

Filifactor alocis , Desulfobulbus sp. HMT-041

Fusobacterium nucleatum subsp. vincentii, Fusobacterium sp.

HMT-370, Fusobacterium nucleatum subsp. nucleatum
o OBUHIERE:

Streptococcus mutans, Streptococcus sobrinus, Lactobacillus

species
2.4.3 RIBERELERDVDES LUV EDREE

DFRE
AT T D REHE TR IR O T2 D iR A 52T
ToMERRIE AT 2 2 43 RN L7223 M FH S AU 7 T eI
ThY, £ DOEFEZ AR H T2 OMER /W S L TR
U7z, FE72 LIRS I @ TR 2 SRR ME TR
PRE LT- RE AT E LU CEHMEL 72, ZhooiEme
B Y RO WA EREL, Wi O EHOA 8 ONT
WRAEAAT -T2, —EBDORIERFH DMV T Human s-
IgA (Saliva) ELISA Kit (BRA S HERNIRBFSERT) 2 IV C
IgA IR EE AR E L R AE Y B OB AT L7,
2.5 OEMEYERERZAVEEBERNSHEER
BIZEZ 5 EDRE

AMENICRBIT 2 RBIEIREO LA NEEMEDE O
WA BB B A 5 2 D D7) Werd 3 D728, MEHE - & B
AEWEEDIZIE R TOME SREA A #HEN COMERILE
BERESERDLIERLSHIASEHT LN TES Basal
medium containing mucin (BMM) 5% 2 fl\ /- 0 e (E
WMAMFEREE R NI AT o7, 20~50 KOS
ZINENOIIF LIS E B # 2 B2 D0 (0, 32,
64, 125, 250 mM) O EHEZ N2 72 BMM EHLICTZE R
I 13 RFRIEEARL , BER RIS DB C KO I A IR L
B U7 SRR O J77E% IV T DNA Z[EIRL7Z,
Bz DNA Z881-1C PCR B S AEwEEE
DNA MR E ENHHME 16S rRNA {51 V1-V2 FE
ERERER BN R L 72D G, IR — o —%
W THLESRCA 2R E LT, FbiV - Bl I Iz DU T
BEBND I AV T 4 —F = 7 EDRHIEREA T Te Db
I ALY T — 2 _—AT eHOMD (X UARRIERSR
EATHOZE TS T DA RIEL, MER IR ELT,
IR EOHENNZ RGN XD LTV FFE
ZREEL, MU R R Con S Ml B A% A 0D 72 #7)3
B A~OBEBEICEIDL O RFELT,



3. MIRHFHR
3.1 RIBERELOFRRERELORBEDRE
3.1. 1 SHRE

2012 AFIZAE ] RAE R ERA LB CI TV AR TS
TRIEZIZB W T BHMEZ 22 LT 40 %05 79 %
DIERDH G, 18 B B8 BUS S A 1542 iz
KA ATICH [ LIUET B AR SRR R IZHEDNT
RSV B Y O IE A TS FTREZR &1L 2320 44
TH-o7-,

R

Table 1 &Y & & OEOREEEREE & ORIR

3.1. 2 BIEEMELOEOREBEIRELDEE

AR Y B L A EOFRREL OBIMREZ AL T S
728, RIS EO NG IS ERNREEH— 00
B (Q1 A%, < 83169;n=582), & —/rhrkt (Q2 #f,
8.334-10.016 g;n =579), & — /i #f (Q3 #f, 10.020-
12.4809;n=579), &5 M 43 L #E (Q4 #E, > 125209 ;
n=580) M 4 FEIZ /AT,

R 4 BECOWTHITE S EL, HBROIRAE (O BRERER
), AR ORE CEMIER 7 MES, SHE 7V =%
NT By TF A RBR) Z g UT-fE % Table 1 1239,
BUE AL, DR H, IR A ARy MRS, S 2Y
=ANT ZyF AP AOWT Y 4 BERRIICBW TR
IRETRRD o Tz,

Age and sex-adjusted mean + SE. 8Multivariate regression analysis.
Abbreviation: DFT, decayed and filled teeth; CAL, clinical attachment loss; PPD, periodontal pocket depth.

3.1.3 BIEERELORDEREKEDREED B L
TO#H®EL

B EIT LM TIT BRI~ DK, DEO R
RHES BRI AR ZHDIZO N BIF CTHHI LN MBI T
Wh, A TH I LB B e THB e 25 AR
DHNDT LN GREMNE Btk , B
B OPEORERRIREEL ORBHEIZ OV CTHERFILTZ,

B CIIAEARY EOLVEHIZE BER KDL,
ZORAEIMITHEFRIICH A E CTho72 (P=0.023, &
[E1F 54T, Fig. 1), BHAE Y RO b D70 (QL #f)
DAEMTIHERL O IIBIE R 23.8 £ 0.4 P THHDIZ
XU Y EORHZOEE(Q4 BE) TIX 224+04 K

7/\
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ThHY, MPEOMICHEBERENRDOONT-, —FH Tk
CILAIEAY ELBE RO MICA B2 BEITEED 5
T, BEMAYEORLDRVEE(QL ) DT
ON-HBAEH T 235 +0.3 thE BrEO RIS EORK
HD7ROEE(QL BE) LRI THHDIZHL, B B
BHZOEE(Q4 BE) T 23703 HEAERAETRDAR
notz,
— 5T, ZNETOHEEROEREE R TIRIETHH
i’wvﬁawT&y%f‘/mxa:ou\f X, ZMETILRE
WA ETIEZ2WS OO B Y EOZWEHZE hS0
ftﬁmm QOBHI, QAREL QIEFDZARICEI T 5 PEIZ0.1
% FEl>7- (P =0.118, E[EIF53HT, Fig. 2), ZORERIE



THEIZB W TID LA Y EDOZ W DIZE fE
ROARIED RAF CTHLRREMENRH D LA RBL TS,
SHLRHEERRFHIA AR THLLODLMETIEH S
F2BE OB IE I O PEO R DO MERFIZ LB E S LD A
BEMENE 2 HD, BYEICB WA Y &L s
V=T 2y F A b AL DRI BELEZ RO 72y - 7
(P =0.501, HERElJfHT, Fig. 2),

ZIVETOI B Z R TR I DWW TIT R
WY BEORLD 4 FOMIZER T REZERITFEDR
Mol (F4%:P=0456, %M :P=0.118, E[EFoHT,
Table 3) . BLED i EJHE DIREEA 7~ T HEIE T D -2t
JER Ty MRESIZOWTH BHF Y B $725 4 FEORIC
B REERIIERD o7 (B P = 0874, Lik:
P =0.356, HE[1l)F4r4T, Table 3),

Fig. 1. T Lt Ehicil) 2 BRIEMHS & (MR & Flnaaikig OB % & D BI%R

Fig. 2. k& etbenThnick T 2 RlEHN & (WA L7 V=hnr7 2y F A hr A

(ZNE TOW AR OEREZ TR

-50-

& DO BALR



Table3 Bt bz k) 2 /MM S E (W AHE) & O Bt iR L Ol E R 7 » b
RS (BUEO W ORI Z =T R & OBf%

Age and sex-adjusted mean + SE. 8Multivariate regression analysis.
Abbreviation: DFT, decayed and filled teeth; CAL, clinical attachment loss; PPD, periodontal pocket depth.

3.2 RIBENELOREEMEMEZLDOREEDRE
3. 2.1 A REOME

ERMERZ A2 2 LT 40~T79 MO NERDOILHFE
FHAICH I LI C, MEROFRNCFEL At
WIHEARAT S ATHE T o723 1903 A 2 AT DX G L T2,
KFGRAE D 1 P H TR 1) 5 0D R AT i & A A9 ol A T
EL, FHAY B SE LM RIS C ik
1Ttz DPEFIEMAED SR Y &IOS VW TH B L
(23 T bT a7,

3.2 2 BREENELERPREEELDORE

BRI BRAE DM & ENDRME B2 OV TiE SYBR
Green % /=) 7 /L5 A 2 PCR #£12C 16S rRNA Efs1-
Oav—HERF T HZETUIIEL T, MEFK 500 pl &H7=0 o
TRAIEE B ORI ITBYE, e Ei 1078 o’ —,
1078 abt’—THY, D HFnAFEIZE -7 (P < 0.001,
TNy DNENFRTE)

B Y B S &L RIS R T D
BIZBME, ZHEOWF SO THERICRME EO 7%
ZRRWD IR (B P =0.650, Zci:P=0.334, 327
b — V-2 FANTRE, Fig. 3), ANMEHIEM/EM#L R
WY RIZOWTH R LT TothaEd T,

3. 2. 3 BRPOMEEBRDRE

WENE - ORI RS RO U 121 DNA DX FE D457
VIS B BEEE AT IR A 2, SRR IS L 72
MAEMIRESE DNA 28571 C PCR % IV THEREAIC
[ - BEME L7/ 16S rRNA & {m 1 O FLBL 41 A7k
fitfs —~s % —lon PGM ZH W TIRELT-, 14 [HD
Ll AT CHR LT 61,089,034 U—R OfiEELS 1D,
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SRR T2 i A L B4 23,084,339 U — R A3k
UM B R OB I L7, M B L~ LD HE T
& 5 IL Streptococcus J& THY, el T Prevotella,
Rothia, Neisseria, Porphyromonas Actinomyces, Veillonella,
Granulicatella, Haemophilus, Fusobacterium &\ -7 &
MEWEIEZ DTz, 2SO R R IEE K OMERIC
B ENLMED DT T L THRESILTND
HOLE—EL T,

3. 2. 4 BHTORIGIENESERHOMEERDREE

B BT D RIS O TE A i pi ke oD BEhEL
DA MEAAGINT D720, B Y & (ZEE S AL
FECOMERE 1 O EHE LD ZE IOV TR ET 21T o7,
I RO MES 27§ o-diversity FREETHHMH OUT
(##E) %%, Shannon index, Phylogenetic diversity (Z(XPU%y
PNRERN A B2 22 BA RO IR o T, MRS R U FE
= unweigheted UniFrac (ZJ&-3< B-diversity fi#H i3 T
& MU 53 AL RE OO A B A R AT B8V A R8O (P = 0.059,
PERMANOVA), Mk frd DIZERA ) 3 O 2R
EDORNZBEAFRO RN EARIBEFLTZ, Streptococcus
JBEIILOETHEER 14 OMEE O LRICHFERT
BT e 72 a8 -7 (Fig. 4).

RN TR EOMFET A EDO R AE L O B RS L
TS 4 DOMBEREORER LRI DU N TR C Rk
1707z, HRBDEHIEERE, R, 7 v —7" 1%
TERIEEFEORE R L RITI TR O B2 Z R e o T
— TN 2 EATEREORE R LRI X B Y oD
ZVBHZEHREIED -7 (Table 4), 7 /v—7" 2 HAEM



PR D PED IR REDS R AT CRERELR DN En 2 &
D5, BIEEREDZWFIZE DR TEMA DO ME
HERDSELL QDT EDVRIES LT,

BHEAY EIIAFE, TROLERT LY — &N
W2 HL— AN 52 05 = % LF —1000 keal
BHIZD ORI EIZOWTH R L, WA (QL A,
<5.601g;Q2 ¥, 5.601-6.7719;Q3 &f, 6.779-8.327 g; Q4
#¥, > 8.327 @) (23S TR BE MR oD B Z DU TR
EAT ST, BHAR S B COSTOERLFERET o-diversity $5
EECHHMH OUT (Fff) £k, Shannon index, Phylogenetic
diversity (213X — EFFFEZ O BHEAY EO /AL
BERNC A B2 R AR 720 - 7= (Table 5), — 7T, #ll
B 8 BCRE (DL FE A unweighted UniFrac (235 -3< -
diversity FEHTIZISUNTIZIE 53 AR OO Al B A AL AT 70
EUWEFRD (P =0.025, PERMANOVA, Fig. 5), =J#E
ST 7 my MIBWTEREMAY BOZWEIZEH &
JEAZ D IE JF AN REL COW A E 258 7=, £l %
IV — R O R AR Y B LS 2GR e L —T
2 WAL RO AL B ITREA Y BOZVERIZE
B BRI -7 (Table6) , Mz TYA—7 1 HTEAM B

Male (n= 864)

9.0

'P=0.650

8.5
---{BO ©

8.0

Total bacterial quantity (Log copies)
7.0 7.5

6.5
%

6.0

Q1 Q2 Q3 Q4

Salt intake (quartile)

Fig.3. B & 2 nEhnic

BEORERULRITAEHY BEOZ W THEIZEL, 9
iy BT 3 A R A S X OVl ] BT A B A O B SR
HREICE N7 (Table 6) , =x/L¥ —EFHHEZ ORI
FY &2 O TN L7256 BN &2 V86 s
P THIE RO B b E DO I KV RO B A R 722 &
Db, BIEOZ\EFA~OIRE R D 2l 22
% JAEL TS TREMEDS RS,

WEOHFETT N—"T" 2 FEAEMBEREORE R T il
D RO il 1% B Py @%u\% FERWIEERESNT
W5 81, oL — B O R EOHIE 7 v
—7 2 ﬁmﬂi-Em%ﬁjzttaﬁ@%ub%h%@mfgl%
L DBETH D AR PR 2720, Fllin, D BRERR
¥, 7T I T I A (#_ﬁ‘ffh“%%) ZAAE L CHER]
R AT 0Tz, =X — B O RN R B
HIFBD L LG TH7 N —7 2 FEAEMBEREORE R
R BB A TR I-Z L5 (P=0.019), BRSO
R E A DR T A% I E L TV ATHE
PRSI,

Female (n=1039)

9.0

-1P=0.334 —

—

8.5

8.0

7.5

Total bacterial quantity (Log copies)
7.0

6.5

6.0

T T T T
Q1 Q2 Q3 Q4

Salt intake (quartile)

B oS R (WUSARE) &MEEhiME & CadE) & DBtk



Fig. 4. B0 OEEFIEMAEDEE ST 5 E5 e 14 OME B Ok R
KGE  REARY B GG TR Lic, WM OMEE ORI RIZ W TH URERIICE B e
FEIED o0 (7 e —N-F 7 N AETHIE)

Table 4 H D ORERTEMEW T I1T 2 4 >0 1 BB E AR HE O RS R LR

REAHY RO R AWSNFETHIE LT, plEIZI 7 E— -2 T MAEIREICESEEH L

Fig. 5. B0 O EEEMAEYEOMBEE R OELUERIfR (Unweighted UniFrac 5452 CREI) % /=9 LA fRAT
ZAS)
RO BITFNFNONEE LR L, = 3/LF—1000 kcal 7= 0 OEEMYE (WHME) ICHESXRA LA
T LT,
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Table 5 BYEIZIIT 5 =%/ —1000 kcal 7= © OB Y& (USAEE) & OREE{EMED D

HEEHERL D o ZARME & DBIFR

pIEIZI v 7 b —-Z 7 NAETHREICEISEH B L

Table 6 %0 O EMAEM#ZI T 5 4 D0 1 B BEEH B O R L3

TR/ F—1000 keal 720 OBHFY ED
plifixa sy 7 b —n-27 M A ZREICESEH L L,

3. 2. 5 XM TORIEIENE & ERPOME B DREE

LRI TS BYEL RIRRIC AR Y S H-S< U5y
NERET OMERE ORI RO 2RI OV TR AT o7,
WD a-diversity FEEES U A B NICH B2 =it s
DI o7, MR EUEZFEEE UniFrac 1T5-5<
B-diversity fIEHTIZ 3\ NTh WU A EEDO M SR A B e
EWEF® T (P <0.79, PERMANOVA), ZctECli ik
FH Y B L O PR W s O R R R & oo IS BESE A 3R
DI ENIRIB ST, Streptococeus JEAIILH ET
2 E B B O R BRI O AT B2 A Z R
O7gnoTe,

H ZED AR RE L D BRE AN BRI S L QUL RITIR D 4 DD
B REOME R HEZRIZ DWW CH U TR 21T o 72,
O BHESEAIGIRE, hEPRREREERE, 7 — 7 1 TR
BE, N7 2 WAEREREOUWT VORI RIZ OV T
PUS DR A B2 2 IO 72D o T, T RAF— &
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F7R HMSALRE T L7z,

ARTERL O BHEAR 2 SO U IV T O Bl BEEAE

BRE, o EREEAERE, v — 7 1R ERERE, v

— 7 2 WAEMBERE OB RO W TIUT SN TH A ER

IR e h o7~ (Table?) .

3. 2. 6 DEMAEMBIERRICH T LRIBRMOMERE
DS

BHECIRD O BIEHY BB M E SR D
72 BN EIRE O B~ OV T LD N i
T o728, 114 (AMES 4, 2ot 6 44, 23~44 55) DB ERIR
LIz & B #A e D% (0, 32, 64, 125, 250 mM)
OEIEERINUTZ BMM ESHNZ TN 13 REFEEEEL,
R ORI B L= (Fig. 6) .

Bt OFMERERL D B-diversity fitT 21 T-72L25, Wi
TRFEDENCE DT 11 A OHIEERROME N~
HABDNT/INSS, iR EE D AR~ ORI D
HEOW A REEZDEILH D TIHIRNZEAVRES LT,



EE &L O JER BB RE, 7 v—7 1 EIEHERE,
T N—7 2 WAL REORERL LRI S AN D 75
Y AEREWITRE SR o7z (P=0272,
P=0.326, P=0.946;3> 7b—/L-Z 7 ANTIRIE),
ZNTH 7 N—"7 2 FAEMERED 5 B Haemophilus
parainfluenzae & Gemella sanguinis ARSI X IR
DEEE A ZIAR MR 258 72 (P = 0.002, P =0.002,
P=0.018;3>7b—)L- X7 ANTIRIE ; Fig. 7)., AR &

DENBYED O EICBIT 57 Vv —7 2 IR
FEDHERL LR DD D —FB 05 @il BE O B A~ D Fffgeiy
BRERIC LD AIREMED VRSN, 722 L7 V—"7 2 WAEANE
HEIZJE T % Granulicatella adiacens (XS EE A mV NEE
BRI AEMZZED S TERY (Fig. 7), 7 /V—7 2
FAEMEOF THRIERIMA~ORISICERR S H Z &
HRSTZ,

Table 7 ZcVED MBEH A EW #2381 2 4 0> DPEs B BB RE O RS R EL

TR LF—1000 keal & 7= Y ORIEFE Y 00 F7p 2 WU REC R LTz,

plEIEI v 7 b — -2 7 N A TREICESERH L,

Fig. 6. ¥72 272 (0, 32, 64, 125, 250mM) OEHEZUSHIIL 72 BMM I CHEMAEW#E %L 13 iR L=
%o OVSRBENEMER (ZV—7 1 EAEMERE, 70— 2 WG, SR B ERE) Ok

NAZTNENORRE R LB TRL,

-64-



Fig. 7. B2 2R (0, 32, 64, 125, 250 mM) ORIEAIRINL 72 BMM B5HIlC TH BN RS 4 13 IefijkhsaE L7z
%D I N—7 2 EAEME R & 45 EFEORER LR

3.3 RIGEMELERE - R LEDOBECONTO
&
3.3 Fﬁﬁfﬂﬁ%%& WK E & DREDRET
S R ED B HAE RS SR< B 2 MR S WA D
TUSRRICH B 5L5%, £ CHFMEZ L Lb I3
AN LT 1923 44O H LI 2 53 [T ORI
ks KOV AR O CRIE L 72 B R E OWEE D
fe SIS BT — S 2L, NN L e
FEIRED DB Z SV TRE LT,

Male (n= 869)

B RY B O WA S W T B DN T
IR Sy s B B A TR L 7= 2 2 A, B e
DOV THRERNC A B 22278 a7z (B4 P = 0.386,
4P =0.615, Kruskal-Wallis test, Fig. 8), & i /& 12
DWTH B LR THERZIT7203, 2Hhbb B Thb
FEMICH B R EERBD 72T (B P=0696, !
P =0.597, Kruskal-Wallis test), 4 TAHHNHEHEIHY &
E it DIRAERS KON T R AR #5 & D BAFRHS 1 PR
DIE T THHDTIIRNZEDRRE T,

Female (n=1,054)

P=0386 P=0.615
& &
o] o]
o
o]
it S (o]
e w ' = w o
5 3 o
= o = L= ' :
> - > - : :
2 2 1
T ®© o
n %)
wn — ' - n -
o RN - il o iR -
| | I | | | | |
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Salt intake (quartile) Salt intake (quartile)
Fig. 8. Bt L Ltz 2Nzl 2 BEMEE (M ALRE) & 2 53 O fIREIER S i & & 0 BLR
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3.3. 2 BIBHSELERT IgA RELOBEDRE

XEHFDOIHLE HAAERICEE Y 95 383 44 OMEHR H
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4. B

AWFZETITE TR EOHIRE K2R L LT AR R
Z AV CREERE O ZEREREE L DOBEIZ DV T D
BEtEiTol, T ERE BV COREFE CREL-
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WXL, BHETITREM Y EN S VEITE A RICEE
RSO RN ERABMNT 257 (Fig. 1), ZOZENE
B EREOBINIFH B ISR T OO HEIRRED
KRR EE#EA T ZEARIBS T,

e\ T DR AR W 3 ORI B L O A
DT =y b tEL, DIEEEMAEDEDOIREL
B Y B EOBEICHOWTH L@ L TR %
1To7c. AR T 200 CHRMEAH Y FITH-5<
T FEIZ B W TEMECIRE R IET 2 2R 23807
mofc—J5T(Table 7), HBHEIZHBWTITIBEDIFIET
1122 0D fit FE PR E & 0 BEE A3 B S AL T Dl B B O A
S ERIZ DY S A E ] O B 7R 22 478D 7= (Table 6)
RO ST M TR O R R ER e o AL
I Z 0w AR AE W #E DR BE D BEAL N BB NDH L
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e TR AL 0 8 O AR 2 % TP E W R FE AT
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DL FEEE T 5 N IR AEW # O AT E 5
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DR RT U ADINSIR Y TR THDHIENRBEND,
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No. 22C4, 23C4, 24C4

Relationship between Salt Intake and Oral Microbiota and Health Conditions

Toru Takeshita®, Michiko Furutal, Kazuhiro Uchida? and Toshiharu Ninomiya®

1Section of Preventive and Public Health Dentistry, Faculty of Dental Science, Kyushu University,
2 Department of Health Promotion, School of Health and Nutrition Science, Nakamura-Gakuen University,
3 Department of Epidemiology and Public Health, Graduate School of Medical Science, Kyushu University

Summary

Diet is a source of nutrients for us, as well as microorganisms colonizing in the enteric tract, and is an important
environmental factor that would affect the bacterial composition of the indigenous microbiota. ~ Salt concentration,
along with temperature and pH, is an important physical requirement for the growth of microorganisms.
Therefore, dietary salt intake is thought to be involved in the bacterial community structure of oral indigenous
microbiota and oral health conditions. In this study, epidemiological analysis was performed on community-
dwelling adults aged 40-79 years using data on oral health status, oral indigenous microbiota in saliva, and dietary
salt intake obtained from the health examinations and nutritional survey. Total bacterial density and bacterial
composition were determined by quantitative PCR and 16S rRNA gene sequencing analyses using a next-
generation sequencer, respectively. Participants were classified into quartiles based on their dietary salt intake
levels and oral health and microbiota status were compared. Male participants in the high quartile group of sodium
chloride equivalent had significantly fewer current teeth than those in the lower quartile, but no such relationship
was found in female participants.  No significant differences were observed in the total bacterial density in saliva
between male and female participants with different levels of dietary salt intake. In contrast, the relative
abundance of group Il commensals, which were previously implicated as oral health-associated taxa were
significantly lower in the male participants with higher levels of dietary salt intake. No significant differences
were found in the bacterial composition of female participants with different levels of dietary salt intake. These
results suggest that high dietary salt intake in male adults is associated with poorer oral health and a dysbiotic
pattern of the oral indigenous microbiota. More attention should be paid to dietary salt intake when considering

oral health promotion, especially in male.
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BhR%# = 22C5, 23C5, 24C5
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Elucidation of the Regulatory Mechanism of Salt-Sensitive Hypertension through
the Nervous System-Immune System

Tsuyoshi Inoue?, Chikara Abe?
! Nagasaki University, 2 Gifu University
Summary

While immune cell involvement in hypertension has been gradually reported, recent studies have begun
to uncover mechanisms of blood pressure regulation by immune cells. This study aims to elucidate the
mechanism of salt-sensitive hypertension through the neuro-immune axis.

We used male wild-type mice (C57BL/6J, 8-12 weeks) and macrophage-specific acetylcholine receptor
X knockout mice. Angiotensin Il-induced hypertension served as the model. Blood pressure was measured
non-invasively and invasively. Immune cell dynamics in organs and renal fibrosis were evaluated.
Macrophages were depleted using clodronate administered every five days. Renal macrophages were isolated
for transcriptome analysis.

Comparative analysis of changes in the number and proportion of immune cells in various organs
following hypertension induction revealed an increase in renal macrophages in hypertensive mice. Renal
fibrosis progression was also observed in the hypertensive group.  Furthermore, macrophage depletion during
hypertension induction suppressed both the development of hypertension and renal fibrosis. This effect of
macrophage depletion was also observed after hypertension induction. Additionally, to investigate blood
pressure regulation via the neuro-immune axis, we used macrophage-specific acetylcholine receptor X
knockout mice and found that these mice exhibited suppressed hypertension development. Comprehensive
gene expression analysis of macrophages isolated from the kidneys of hypertensive wild-type mice and gene-
deficient mice (in which hypertension was suppressed) identified a group of genes induced by hypertension that
were not induced in the gene-deficient mice.

This study identified macrophages as key players in the salt-sensitive hypertension model and highlighted
the importance of acetylcholine receptor X on macrophages in the development of hypertension. However,
several questions remain: (1) Where do macrophages receive autonomic nervous system signals or sodium
stimuli?  (2) How do macrophage phenotypes change after receiving these signals? (3) How do phenotype-
altered macrophages regulate blood pressure? These aspects remain largely unknown and will be the focus of

future investigations.
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