BhpkEs 2132

BHISRIE UL oA A 43 WA B FEIERAE D fFIA & T OIRIRIED B %

A RS

A BT SR SR B R AP TR R L2 - AR P R

B E SEREERUL, & iEE, O EE, BRRERE e S OFIE IR T Ch D, LnLRnD, AR
Hk 2 RUBEGRIE & D BEIIARTZ LN /2o T Ve, RHEEREHERITAAOTHESY 7 MR 7@ FHE A LT K
BB 2 BUREIRIF 2 RIESE D Z LB ES DA, TR EE L, REBEHERDA AU 530 B RICH 8
THOTIFRVIDNEERBL, vV AET LV TRGELT, 8 Bt C5TBL6 M~ AW @A (RHIRE 0.8%) E/oidmi
SR (BIRIRE 4.0%) % 30 MAMUIAER, MEEORE, MHFRE, IS OH- miFI AL Rdeh o7, F T, 8 s
O C5TBL6 M~ Az sl (TR ) — 60%, BRI 0.4%) /-1 3@mAEli+ mtio& (s sk ey — 60%,
BRI 4.0%)% 30 WAMUIRER, @I + @i o SREClE, @R U CRE M BHl S aicb B
HHT, MFEFFENSE(LL CTRY, 7 RUBEAR% O MIEA L AV AMEITA BIEL, A AV PR RE R TNDHIEN
ARSIV, 30 I R CORER DR BT AN BREL L C, SR+ &0 BFECAHREICIE FL TV, Tl
DR TIEY T ADMHEREIC EE RO IR ST 28D, TREDOEBRUCE>TAELDHE B IO HE 2 @ FIFEEES
P35 AR AVRIB SV, £ 2T, CSTBL6 i~ A E IR B £ X m R & + B 0 B 21860, 3 H~1#H
P\ IE ST I BB 1o 2R ATT LT, D S AR L RIS\ C, mIIRIA R RECIE, @+ mt /o BE IS el LTl B
HIRZ 31T D Ki6T Bt B mn ol £, @I R CIXHBEES (235175 Ki67, CyBI, CyDI DBIR 1%
BB 2D L, BlEHS + S0 BRI TIXIO LB LT otz Al b2 DR & LT H B R D
B GZRE LT, S RICE S TV AD R TaZIL PRSI 22 L2 MR L, RIEEBGRRENC L > TR
PR R DEMEAL T DT EDVRIBS LT, JE B MR 02 SZ BRI FEBL T 5L TIY, o2 HEWRTIEA 5L O B il
IZB1FD Ki67 BEtEMIasE O a2t Uiz, miE + @iy BB 35~ U AET VTN 2 TA v AV 4y
WARE ETIRERFET VEBZOND, ZOXIRET VOIFEEENT 5281255 T, BERF OB 7=/ inik o
BRFEIZHE OO ATREED B D& 2 B D,

1. AROBFREAM

FEREEBEIUL, &l EE, OmEREE, BREERE
2 OB BORIE B 1 ThD, LnLaens, Al
W R L 2 BREFRIpT & 00 BRI XSO TR,
AARANEELT VT AND 2 BB IRIFIE, NIBAEHIEREIC
Ko THUDEE DAL A ARG Z AL AV 2 3T K
STRABLENRWZDITHIE T DEVIRH-A DD, A
AV WA EOE FAITRE B R B ET 55, B
FRAF TR LT V7 N7 B8 18 Ch o R tihm Rl

BRI T 7 N 2 BIFEGRIE OIRREF AU B 532D
TR EE B E T TS,

BAEIGORCKIES BARIZETS 2 BRI BEE O
MOERD—DLLTETFHILTND, ZD7, RHEE
IMaFIfERI R A 2 < G H T HRCK IO B AETE LA G
PEIHZLIZEST, 2 BPERFBOFBICEREL 525
DO TIFIRVINEARGRE N TS Y AE T LV COMTHE B
L7z,



C57BL/6) [~ A ENi B £ Xm BN + s sy
BEAMLT, IREHER, BEE, (R, MThERE, o
KRR RO PT AR L 7=, 512, BE B AR o s A
ERENT U720 LA EDXOZREHTIZ L - C, AR RIEIRO
RETHAE, 2 FUHE PR IS O BB I 31T DI B A BN
L, REPEBRO TG R IR 2 RS S U7 B R
D EAL, BFTLWEE I LD B MR IR R IER &
L7z 2 BUBEGRIS D T8 - 1EE ML 35282 HEEL T
AMFIE% EHhE LT,

2. MIRAZE

FEE L AR REHE RS 2 BB RGO IC 52
DB ZWLNICT D B TR EIT o7,

2.1 KE-EEE- B ES - T HEREOFTE

8 MM CSTBL/6) HE~w AIZ, il (AR
0.8%), MR (BRHEIRE 4%), @SB & (L &A%
A 60%, BRI 0.8%) DV IEENEN + mE o & (15
BEAEE 60%, BRI 4%) 2AML T, ~7ADK
EHER, B, MREEZRML BIENT RO
AfraBR, HEREN A A) ARk O CitbEEE, A
VAV RS AR LT IEEN 7 RO A e BRI S
T, AR, B 30 oA XY R A
ELISA {ECHIE LTz, ~TANBIEERHL, /T3 A
TIVTERTREE, /NT77 4 @B I, Sk
b CREB O REE T LT,

2. 2 BB OFH

C57BL/6] HE~D Az vy, @, mlelie, mIEn
+EHE S REREL, 3 BRICaT 7 —BIEIC Lo T
A HEEL -, BBFL7-PERIC BT A BIs 7Bl A RT-
PCR JECEHTLT=,

2. 3 RBHFZFFEHILOEEDEEZMAEN

C57BL/6) H~vD A E R Fi- XM o BB IS
o, AHRY 27— NTRBELCEIRL, IRTPADT2Z
I % HPLC ECHIELTZ,

C57BL/6) ME~D AT, mllEH &, @mIEN + &y &
AT HEEHIT, a2 HWRTHK THD yohimbin ZH5-L
T, 3 HRICS U ADEERGHIL, ik 7 CIER 1T
BIT% Ki67 BtEAla %A ik L7z,

2. 4 HERFREICKDBEEDRET

C57BL/6) e~ AL, mllEl+ & B% 6 HFEG
EHL7-1%, 2 W SGLT-2 fL#EIK Th 5 dapaglifiozin 2%
HLUCIRE, MO LE Rl
3. MR
3.1 KE-EEE- B ES - T HERE O

C57BL/6) i~ AL, Wil R, S Bakael Lo
R, RHE, BEEICEEZRDR)oT, £, I, ©7 AR,
i B DB T Rk D B RS 22 2 3R e o T, I
TR BEAGTRER, BEIEN A A ARTRBR O 5, i
PERE, A2 AV RSN AA TR IR T,

C57BL/6] M~ AL, mlEMIBHD NI ENEN + &
WA BEIGEELTAER, ®IEN + i BREE, &l
BREE L C, A% LA OB &N, &R+ &
WARTHERIK T L, SIEN + 808X, ®iEl
RECLEIGLC, 30 BICKITARENAEIKFL(™),
FERE PR E RS A EICKRE, FEESAR
WS- (I 2), @R+ iy BREE, mIR R
BELHLERL T, JEHEN A R A BRIC 31T 5 B i
DA BEICES (X 3), A AV EZ D TTHEN RO DI,
e 7 R B AR BRI BT A M EN A EITEL,
MHERE DR F 23RO BT, IR T RO B ARATE 30
BT HMBEF AL R R EIIA EIRS (K 3), A
VAWK FIZ Ko T ERE A AL L 7= 2 LR
iz,

FED AR IO ORE R, @A + Sy BRI,
BRI RREE LT, 30 WIS, SO EFE - $K
WHEEIE -7 (X 4),

o EIEIE
10 1 - BEBEEN R
0 T T T T T T
] 4 8 12 16 20 24
¥R (&)

B 1. SIEDERE, @R+ S B OREZ(L



(g) i (e) TfAREEMEHEE Ki67 FoxM1 cyclinA2

N
3 2 - % 200 ’7 150 150
. c £ £
S * ;- 150 ;100 ;109
g g s
2 100 2 £
2 4 . 3 5 s 2w
1 - g g 3
E o E 0 £ o
1 4 EAE SisihE SHshs TEE BHEhE el BAE SisinE Bl
+E R E +iEnE +BIEAE
0 — — 0 cyclinB1 cyclinD1 cyclinD2
=miEhE SER SiEHE SiEl
+Etﬁ§}ﬁ _é-fg/\ﬁ —‘250 * ﬁlSﬂ * . 150
= +=im 7] S 200 5 [ E
Z 150 £ 100 z 100
gloﬂ i 50 f;. 50
[T, v e e N N o = = <
X 2. s EEE, ®IEN + @iy SR Ol & g %0 Z :
E 0 E o E 0
HimE mAsE R mASHS HimE FAsih R mASS il E mISIR mAss
BN E +BiEsE +BEAE

B 5. EARRSREE, FNER+ Y SRR NI R

EREATFRATRER
it

(mg/dl) ﬁﬁéﬁfﬁ%%\éiﬁ
400 (ng/ml) Mo 2 X1) 2 BE

350 € o EIEnE

300 : » BED RS & 3. 2 HEfEE DN

- ‘ ) CSTBLI6] M~ A% vy, Wi, misif, miRN
o L e TR RAAREL, 7 IR A L, W
s0 - EEEE S A 1 B DR I A LI U7 s 31, misiREIc VT
v . n:n(m om0 e s L TRERTHCIELC Ki67, CyBI, CyDI SR T

E BTN =01 LT, @E + s BRI
3. FNEMIAEE, FIRN+ A RREOTE L TIVOOBIRTORIIRINZER DT (] 5).
AV 5 UARE 3. 3 REMBPEMLDOFZEQEEZMEN
R RIE B L > TR R R DIEEAL 352808
HWEXI TS, CSTBL/6) [~ A B A T3k
DEREZBERSEIMORFT I Ta7IHet &%, &%
SRETEBRRBEIVEEICS o, BEICL-THY
SNDME B ML OBEFEN = R 7 VAL T S LD
EVIOHE N DD (LR 1) 728, B L HU A e
KEOWS scalebars, 100pm R DIEMEILEI T UCHE B AR O BEFHZH| L T D AT
g PEREE/HRES g TERmRR REMEAARE LT, B B MR HHBIL QD H T ao 24
N | iz 2 ZARKTHLLHESN TN o EHTE
yohimbin Z- ¢ 5-LU CTIECI51T 5 Ki67 Botstlfadica o L7,
BN ERECII NN + mE 0 B L L TR RIS Ki67
BRI BN TNz, —J5C yohimbin #5128~ T
Ki67 RO B I B AEZ BT,

0
SRR MEHRSEHSESR Wil S HERA B A RS S RS R

X 4. SENGERE, SN+ EtE s SRS i 3. 4 BRFRIZLDEBEEDHRE
kA7 HAE, MWL TWAEERFE IO B¢, SGLT-2

PREFRITIR P ~OT TR 2 L TR T &



FLIEAITHDA, JR TR APEHHEE N 22 AR
HIEAbHESILTWD,

g+ sy B EEIZ dapagliflozin 2 #5-U7-#5 5,
REIZETRBO DTN, TRIREARTRBRICB VT
M EA B T L TR ERE Dk 4R 72,
4. EE

C57BL/6] K~ X @& (BRHEIRE 0.38%), &
DUVNEEIEL + S B (RHIRE 4.0%) 2 AR LIzE
25, mIEIG + EE s SR, RE I I Sl
OO TMHEREAE L L TRY, 7 R AR O miE
AL AVAETA BARL, A AV i AR A% LT
DHTENRENT, E, @RI B3 H~1 I
TR AR, BB\ C, Ki67 <o & 1 BEE N+
DOFRBINEEINT 50, BREEEEIAEIEZNHDO3
BAMBISNDZ A R U, £, OO
DR, mlENI+ Sy SR TR OB E O
TLTWe, ARV ARRBROFER, A2 A s
IR+ B R CHEL TR, A AU I
FoTHHZINA L RY G A 2% A U CllitHE RERE
EELTCWHERESNZ, — 5T, TlAEEILEES
BEREILIZSG A, WEHCARE, MHFERED 21378078
Motol-, BREBEERUT, BIERICL > THES
NDHE B HIIREEFEIZ KT U CHIHI NI E 352 LR
a7z (3CHk 2)

[ B A O BE5IE A RIR 95 Ki6T Bt eI OB X
MR BB R 5k B OBEBECAL D, LD FEL
THAMR RO GA ML, SESRICE> Ty
AZDRBP T aFZI PN I 52 L AR L, B
FROR RN Lo TR RG22 EAVRIRS
Nz, BEBHIILICRILL COBITaTIZ RN L a2 %
BIKTHHERESIL DT, yohimbin D B Fliid
HETH 6 DB AR LT, BN R £/ m e +
Bty B ATEEESH, yohimbin Z eI G LI-~T A
JEERL AR I CIE B IO Ki67 Bt sRa gt Lz, 1%
il 3 HOMEHI B W CEABM BRI L C, miEl
+ A BRECIIE B AR Ki67 BEMEAMAESRITE T
L7z DD, yohimbin #5-HEIZFT Ki67 [HIEM=R
D EFIFRRO LIV, A 2 H ITEHESETW

T

4

LZEDDIERPNCIH TS a2 B L R0 >
TZAlREMED D LB A BT, A RIEHI O, & b&D
EHELRE L ORI ZED 2F7 8T,

FENG + @i BRI 2~V AT T VIR A3
WL TAL AR R 2 BT DREIRINET VEBZD
No, ZOXHREIZA AL BE RIS AT 5 H /Y
T, SGLT-2 FHEHEHEZHZ G L TEOMREMTL, 7RV
BT BR TR RE D UE AR LTz, 51, 1~ RYV
SIWREDZALIZ DWW THIT 5 T Th D,

5 SHROFRE

A%, IWRIE R Fr 2 JVFEANC AT 3 272012, <
DA R R E RSN + S ARG L7212
i o VELEL C, BRI 5\ R U D n T R B AT L,
BB L TS TR RSB Z TS
BARFREZ AT DL MEtL To, Fiz, BB
EHWT, FHOT NV —REEMA L R 530, HEFE
RED FEH R TH D,

IS, BHEFRIEODROMFT SGLT-2 FEFEFELSL
DIFNDHRBIRETLIZV,

ARifFeaERIEHEICL-TC, AREEREOM E
I & 2 2 BUBER O T B - AN, B p Mmoo HsE
NEEFEELTS 2 RUBERFOF LN T - 16 E~D
JEMAEBFRLVY,

6. X ®mk

1. Valentine S Moullé, Caroline Tremblay, Anne-Laure
Castell, Kevin Vivot, Mélanie Ethier, Grace Fergusson,
Thierry Alquier, Julien Ghislain, Vincent Poitout. The
autonomic nervous system regulates pancreatic B-cell
proliferation in adult male rats. Am J Physiol Endocrinol
Metab 2019 317:E234

2. Taki K, Takagi H, Hirose T, Sun R, Yaginuma H,
Mizoguchi A, Kobayashi T, Sugiyama M, Tsunekawa T,
Onoue T, Hagiwara D, Ito Y, Iwama S, Suga H, Banno
R, Sakano D, Kume S, Arima H. Dietary sodium chloride
attenuates increased P-cell mass to cause glucose
intolerance in mice under a high-fat diet. PLOS One.

16(3):€0248065. 2021.



No. 2132

Clarification of the Mechanism of Impaired Insulin Secretion Induced
by Sodium Chloride Intake

Hiroshi Takagi
Nagoya City University Graduate School of Medical Sciences

Summary

Excessive intake of sodium chloride (NaCl) is known as a risk factor for hypertension, cardiovascular disorders,
renal dysfunction. However, the association between excessive NaCl intake and type 2 diabetes has not been clarified.
Excessive NaCl intake is expected to cause obesity and type 2 diabetes secondarily through increased appetite and intake
of soft drinks, but some reports suggest that excessive NaCl intake also affects insulin secretion itself. In the experiments,
8-week-old C57BL/6J male mice were loaded with a normal diet (NaCl concentration 0.8%) or a high-salt diet (NaCl
concentration 4.0%) for 30 weeks. No differences in body weight, glucose tolerance, and the number and area of
pancreatic islets were observed between the two groups. Subsequently, 8-week-old C57BL6 male mice were loaded with
a high-fat diet (HFD, fat-derived calories 60%, NaCl concentration 0.4%) or a high-fat + high-salt diet (HFSD, fat-derived
calories 60%, NaCl concentration 4.0%) for 30 weeks. As a result, in the HFSD diet group, although the weight gain
was suppressed as compared with the HFD group, the glucose tolerance was deteriorated, and the plasma insulin level
after glucose loading was significantly lower. It was shown to present with insulin deficiency. The number and area
of pancreatic islets at 30 weeks were significantly lower in the HFSD group than in the HFD group. These results
suggested that excessive salt intake may suppress the proliferation of pancreatic B-cells caused by ingestion of lipids.
Therefore, after feeding a HFD or a HFSD for 3 to 7 days, pancreas or isolated islets were analyzed.
Immunohistochemistry showed that the HFD group had a significantly higher Ki67-positive rate in pancreatic 3-cells than
the HFSD group. The mRNA expression of Ki67, CyB1 and CyDI1 in isolated islets increased in the HFD group,
whereas such an increase was not observed in the HFSD group. We confirmed that high-salt diet increased urinary
catecholamine excretion in mice, suggesting that excessive salt intake activates the sympathetic nervous system. The
o2 receptor is assumed to mainly express in pancreatic B cells, so the change in the Ki67-positive cell rate in pancreatic
cells after a2 blocker administration was investigated. Our mouse model fed a HFSD is considered as a model of
diabetes in which obesity is mild and insulin secretion is deficient. The clarification of the pathophysiology of such a

model may lead to the development of new treatments for diabetes.



