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[ BARICHT DFAIEO EEF AN O OFRRHEGHIE T 24178 | 12Xk 5 &
2012 FEIF 5 T OFBINE S E BUTH 462 AT, 2020 4FITi. FRBENE SIS
HUIK 600 HFAETHINL TWD, 2025 4Ei12iT 65 bl Eod 5 A1 AL
700 FADBAEZ B S TWD ETRISNTEY . BAEREDHIISHIL
7R BN LA E N TN D, I, M=y b a— VR BIZHE S RS EEIR T,
F 7= W RIA ( Diabetes Mellitus : LA F. DM ) X7 Lo~ A ~ —RUZRHIE

( Alzheimer’ s Disease : LA, AD ) %468 & L7ZsBRHEDERIN - Th D =
ERRR SN TV D, 65 Ll E& G L Lo LTRSS Tl BEPRIR B E 1L IE
BERIS B ISR THEAENA BTN S W EORENRDH VD | DM & FBHIE L O
BAFRICBET D kR4 WP e M T TN D, F 70, @ MHE K O DM I K 2 FRENE 7S
SEWZ X RN LEY) ( Advanced Glycation End Products : LA, AGEs ) DB
ERFESINTND, L L, DMIC X ZF8HIERIED A B =X L OFEMIZ A
Th D,

W22 Tl DM IC K AZRAEFRIED A 7 = X L O %2 B L THIE 24T
ST 7=, KBTI, & M FRABERE L OIS IZ 5 2 2 BT DWW TIRGIE T
Lo, BEERGE Ul miihg & 38R O BIMRIZ BT 2 ERRFH IR, B
ET NV E OSSR IC X D8 HBERE K O~ DR Z DWW CTHRIRIFSE &
FEWERFFE O 2> HAFIE 21T - 72,

% 1E HILE L BaEOBRICET IRE

1 TIE, FRER O B 2 RIS E B X DR EISRE ~ DB IC S
WCHHEZIT 72, 65 Ll EDBRE 4014 ( Bk 1884, otk : 2134 )
EELHINVLTIZED, BFHEOREZITV, fT5RE 1254 ( 5% 61
A, tEedd ) LT, ZooB, ADBFE (394 ) IR LT, JEDMAE
& DM EED HbAle i & RN 5 mueatih A 77—/ ( HDS-R ) 1T K 238Kk
BEREM 21T > 72, ZORES. FE DM L hie L C DM £ C HbAle N A BT HE
<. HDS-R DFH A 2T OFERIKTRA DIV, @i K 2 RAMREIS T2



B2, ETHS-ROIEED S b, WRHOKRELZFEMLTND [ 350
BFEOPRMEFEA | CTHE DM AL L Lhlk L C DM A TR FE A 234 H AL, dEIfilkE i
L DU AL R SNz, ZOZ END, EILEENES 2 2 S8, 3B
MEREIR T 25 2 2 L TW D ATREME AV RIR Sz,

B2E HBAMIXE~URAOFRMBRE~DEE
FLIENSEONT [ S X 25888 T | 12OV TOBLRE RGE
TH, <7 A& AW EEARTAERIC X 2 RAEEEE & iRk ( B ) ~o
R OWTHGEEE T o7, REREMWIT ddY REEME~ 7 2 3 @2 e,
Control #f & HEAMAEIZ /T CTHRIB 21TV, FEAMIZIL Mal todextrin IR
10 %. 20 %, 30 % &% E L. 90 A OMEARN 21T 7=, 90 H &R A faf
TIRE & MBEEIL., BEICEH L, 20 %HAGRREIZB W T, control B bk
L CARER EAPRO N, BRESR), n—¥%—o v NEER KO RE
B D 3 SOITENSEHRER L, (RE L UG Tt b AN KE o720 %
PEAMBEICR Y . BROIFEEIT o7, TORE. BRIEENL control #f &
20 % PEAMEE CIREIEICAZITADN T, v—F—r v FEBR L UK
R TlId control & Hl LT 20 Y% WEAMTHE CRREIFEREIZ 51T £ BN rEfR
KOV, BEEENHER SN, o, EITOWTE CAL, CA2, CA3 & #fR[H]
DAFEIEL T control #E & i L, 20 %WEAMT CHE M/ AR bz, WED
ZEHE LATENR BRI B T DRI T OO TR A L= Z &b &l
PEIZ X DR OFEMENEZ Y | BAEIK T 25 X2 LT\ 5 afgetEnsrmm
SNz, ZOfRRIT, B 1 ETELNEELEE IFT 5,

B 3FE MR ODZEN L AGEs DR

F 2 EETOMBIZBNTS (& M2 R O ZHE 2L = Ui pgieX T %
FlEEZ LTWD ) ATREMEDSVRIB Sz, 5 3 B CIE, JefTifge s KLl Lz s
BEET A~ ZAOERKE . BIHIZ X 28 & VR ~DFEIZ OV TRt
ZATo7=, EWETLIE CETBL/6] 7 Ml ~ 7 R ZHWTRBREZ 2 L=, K
A, =2 F 7 2 F ( Nicotinamide : AR, NA ), AL F RV by
> ( Streptozotocin: LAF, STZ ) ZFANHEVENE G L=, £ D%, control
BEL STZAE ( Maltodextrin &R : 1 %. 5 %. 20 % ) 2400, 4 » A Rt
BEIToT2. REIT control BEE 1 %BEAMEECTAIT R <, MBHEIZ 1 %HEA
A AEC control AL bl U, AE 72 A NA BT, {TENEREEER X B E DA
B FEANHER SN 1 %lEAmERCK D IT-o 72, B EEIE T, control
&1 YbEAMBE IR &I EITA DN o Tz, v—F—1u v RIS LN
J7 R FRER TlX control #f & LEEE LT 1 Y%A ML CRREBEREIZ BT D iEEF



REfE S KON, FRiEREE SRR S ivTo, M 1A E ( CAL, CA2, CA3, BiK[El )
T. control BEIZLERT 1 %FEAMEETH BN/ INDNA LI, F 2N AGEs
LRSIz, ZOZ END, SIS L VIR OZFEMNEL Z 0 | BEAEEEIT
ZHIEEZ LT D AR RIE STz, F72, IENIZ AGEs ORI HER S
72 e, R OZEMN & AGEs IXBhEN & D AIREMEDS R ST, T OFERD
5, % 3 ;@Tf’EJﬂZ L7zET N~y A IEEET L~ AL L TCEHMIfTRETH
D, F1ENPOFE2FETO [EHIMFENRIEERIK T2 R LTW\W5 ] Ak
HE2XFTHH0THS,

o

A4 B U T, MmN R OFEMFZ ISR Z L, SRR T 20 &k
ZLTWBZ L, EVEEOZEN & AGEs DIEAL & BREILRE N B D ATREME N
rwémto_@mmﬁWﬁmﬁé & T, AD 72 EOFRAEA~FEE LTS A
REMENE Z b5, %@t@ DM D RIELRE Td 5 i ME SRR REIR T 2 51 &
t T2 EIE, DMIZ KD RRENEFRIED A 1 = XA@%% BN D EEZ LN
éojﬁ@ﬁ%%%iz\ﬁ TRk 95 2 & TIMIC X DEBAVEIIED A H
=X LDEHO—B1 L L TWE 20,
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PEVE & X, T S S Ao ee ( FOIE AR S A AR B
EERCHIW 172 8 ) D, BRI OBEREREIC L o TR T L,
DAETERCH HAIRIC K EE X 2T L 10T REET, ZRDNEREED 2
EEIBOND | EERIN TV Y, RBAECRENERRE IR &2 & 72 TR
B AFET DN, TV A ~—BIERHNE, U e —/MRBUGREE, Ak 2 1R
FIED [ = KFBEME | BEED 85 %&b TWna Y, JEkE LT, fliEkE
R0 Rk | AR K OVHIWT R T 72 ERRFEIC L TR O D THEER) L3R
FIRSRERE E 2 T, SRR ER - BRIERY BN - DB BN 72 E DB A 1T T
BT 2 PHECARL M D D, B0 E )7 E o TBPSD ( AT8E)-.LBEEIR ) |
MHIRo TS YV, NEFEL RSN K 29 FEERESAE] 12k D
&L 2012 AR S T ORHENEBRFITH 462 T AL 7o T A, 2025 FEITIT 65 7%
bEoD 5 N1 A, 700 5 ARERIIEEZ B> T D EHESNTEY 2| 38
HIEBE OIS B I LR DEMB AT TN D,

ARFNENZ 70 2 fEPRIK F13AR 2 FEAE L, 05 AR - o I - TR o o - Mt - i -
9 o SEBAIE BRI AL SRR D /D7 S GBEDO T Vv a— )L - BEERAME - K
RIBRR ENEBEZ 5N TWD, BRI, (1) 40 Rl D S ARG
1fF 130 mmHg LA T O#ERF 2 B9, (2) BRI 6 2 flililas O 48 H o 4Efh & 1
FEDEREWREE D B AR U 28083 5, (3) RRUGYLRITEE 2 & 97,
(4) B OREFRZPS <, (5) 21 LD, EOfEIXRET 5. (6) £, (7)
RTOFEL T HITHE PERE CRUET 5. (8) BB & BERIFE DB I & 15
(9) FRAEHALIRE O B RIEEY 2 #ERE 72 EOR D ML L W RAMEE TRt 5 2 &
MAFETH O, Zh b OEKRE O TREICED Mie 2 & TH R OFBEE DK
40 % DIEIENFRETH D EEbh TS Y |

T, 2B OEBRIK O 5 BHEIRIFIC K 2 38 EEDOFECHEE 2N EH 4,
Rk & IRBFZE M T T D, ACCORDMIND #F%E i, HbAlc fHD L& L 3Rk RE
TFBMEEZ R L, b=y b e — bR BICHES BABE RIS T3S ST
5V, AIETHIZEZ1E U &35 3R — MIFZEICRB VT h  BERIFASTRAEEE D
fERRIR - & 70> TV D Z L3R S 4, DMEECIXIERRE & bk LT, AD OFIE
YR P25 EAEICE, F7z, DM AE TITIE DM BE & LT, HE OZEN
NI HILD & DHED S TWD Y, Cheng H D A ZFEMTICIBNT G, &l R
JERE TR BB L LT AD DY A7 28 1,46 2L A EIZE W &G
ENTVD Y,

Z O MAEOHE IR IS VA 9 FRFNAE DIIE N N THE L ok 2R T d % AGEs DBd
HERfRfE S Cns P, AGEs 1%, Bz b e — LR L ORHEIMIC &



D R AN RN TR, EEIND, O L TZOEENTER SIS & eh e
MR ST R < B £ 2 L2m0RE & | AGEs 12 L 0 FRfERIIC R BLNFE
S 4% RAGE ( Receptor for AGE ) & OFHANEH -G R, Elich=5 [H
MAEDFEE 2R L TNDEBZXHNTWD 7, I & 0 2Rk X7z AGEs
%, TOMBEFHEZARRTH D RAGE 12X > TEEFk &, BLA b L ARRIEN
JEERE L, SBAVERELOERICED TS EEZLNTND Y,

FATHFZE X 0 | B & O RIR 2N EBAE DFIE Y A7 L 720 | FBIFERERE
O EE T2 EOEIMPEIC & VIR S 1172 AGEs 1T X DI REREE & i S 1
TWo, Ll S OREROWRERAEBFE A I = X LOFAMIAHTH S,

AWFZETIL, BEMPENFRIERE - MEIC 5 2 DB O\ TRIET 5720, &
Faxtg b Llom by & B OBRICET 2E., e r v 2 HW\WoE
IMAEIZ L 5 R A BE K OV~ D B D\ CERIR & SERfE o Tl i 7> & A9 &
1T-o7,



B1E RIKE LSBT HRE

FEARRHR B ABE A B9 2 58 FE B 1L, FBAVEDEALIZ X 0 FHROMER 72
EDOXIENHEL S 2D ETABEL TL 57 —ANRE W, ABREEETHIEED
HE OFRFIE B TIX, SRR TNICEOIME =TI TV ARRTH
HTENEL, MpEa Ly be— A REREICE Y BRHOICE MR S Tun
ToAREMEDN B D,

ACCORDMIND WF4EIZH\NT HIfE = >~ v — LA BRI 5 FREFEREIR T 23
EnTRY Y, Moy b= A REICKDEINCHE S E ISR EEERE D
HBRLIRTESERHITEBZOND, ZDO7D, FHEHRBEIC AR 3 558
HIEBFEEZXRET D2 LT, Bl FRASREOBMR Z R T 5 2 L 3 AlRE
ThdrEtExLND,

Bl BETIE, S X DB AEEE~D BB LR D0, B EHEEE~A
Bea B LImBE 265 L L, AD BB D IEE ( HbAle ) & iRFIHERE & @
BAMRIC OV CRRIEM R 21T - 7=,

—HiE—
1. %%
2017 -4 H 1 A5 2020 4 3 H 31 HOMIZRAEWFEE 2 —07%n (UL
TLOEEE ) ICABE LT2EBE D 5 5 65 5L 0D 401 £ 2 RWFIEDRRE & Lz,

2. RE-FEEB

RIGEEIZOUVNT, AD, DM, #EARIHE, PHRMEREDE ., 5 DHOAE, Z oMo
BEAEIRE, ABEREO4EHR, MERI, HbAle DIHEIZSW T, BF AT EZHWT, %
TSR A G-, F7-. AD BFE IOV TIIARRRCAH L TN - 3R AEYETS
PR BN AfE 5 FneEREf A 77—/ ( Hasegawa Dementia Scale — Revised :
PUF, HDS-R ) IZ2W T HRARICHAE L7z, 51T, DMAF I L Cid, ABEHF
IR L CW B IRIGIRIEIRIZ OW T H 7o, AIFETIX, AD B D4 I
BFHINT LIOPRE LD, ERAND L E—/MERIZREGE ( 64 ). MILE
PERRAE (124 ), RISAMIEERGRAE (240 ). BAT (44 ). A KHE
(1504 ) THHOTBEIIRIN LTZ, 72, AD BEIRL ThHo7=B3E (74 )
LRI LT, Z O OBEEREIC sk bk aerE S (24 ) SHIRIEREIR TE (2
%) BEFOBED, BAMEEICEEN DD Z L EBE LTI LIz, BRIMED
RIREF 216 4D 9B, 65 kLA ETERAN A ThHDH 39 4 2EREE (AD B )



E LT, £, JEBIREDBRE 1 LIk L TR —E, Fi) + 3 ERD5
HT24M5 34 EMmD L IICHIGSE TREEIT 7= 86 4 2% AL ( FE AD
) & L7, ZORMIC—E LR o72 91 BTG E BN LTz, £D
TR, AMFZECIE, JEBIRE 39 472 D UNT X HREE 86 £ D 125 4 & fRiTxi g &
LTz, TR REF TO7e—F v — b2 1ITR LT,

(a)Initial cohort (b)Exclusions (n=185)

(n=401) Vascular cognition (n= 12)
Frontotemporal dementia (n=2)
Lewy body dementia (n=6)

Mixed type (n=4)
Secondary disease name (AD) (n=7)

(¢)Cohort after Higher brain dysfunction (n=2)
exclusion of Hypothyroidism (n=2)
185 patients Schizophrenia (n= 150)
(n=216)

(d)Exclusions (n=91)
Non-AD patients who did not match with the
AD patients with regard to gender and age (£ 3)

(e)Final cohort

(n=125) (©)=(a)-(b), (e)=(c)-(d)

X 1 T REEED 7 e —F v — b

3. BEEHFROMAT

AD B & JFE AD BERIC RN T, MR, s, HbAlc i, BEIRFELIEEIZ OV T
WA AT o 7o, PEBI . KE PRI EAERE O FLB I 1 Fisher O IEMEMESRIRE , -7, HbAlc
EOEIZIE Student @ ¢ E & N EVH W TR L 7=,

AD BENIZFS1T % DM A & I DM BERE O PERI, “-fn, HbAlc fE, HDS-R A =2 77|22
W HHR 24T o T2 MBI D i |12 13 Fisher O IEREME SRR E 2 W TR 21TV,
Hfn, HbAle ., HDS-R A 27 D #IZIE Mann—Whitney U #E % VW CTREM L
7o SHIT, AD BENIZISUNT, DM BE L I DM AR D HDS-R D4 fn, IRefE oD Y
ik BETORCYEE, 3 DOHEEDOEAFAE, R, HFOME, 3 SOHFEDIE
SEFEA 5 OOWELRE, SEEOWMMED 9 THA O 2 2 7 O i 2 Mann-Whitney
URREIZEVITH T,

WTHNOREIZIBWT S HEHIENT 7 ML SPSS version25 ( IBM #:81 ) %



M, AEAKRYE 5 %R (p <0.05) ORAEEAELEDLY & LI,

4. REHELE
APECHENTIX, FFEDOEANEZFHINTHZ ENTERVWE I IZEA LTS
R CT—FZ_X—=Z2{b L TENEFRAEEICRD . Ho 0B ICBE L
B FEM LTz, AFFEIZONWTITYEMBEEELZ B S OKRE ( BEE S © 98-
01 ) Z=ITEMLTWD,

_ﬁ"ﬂ::%_

1.AD # & JE AD BRI BT 2 55 RS EEERE D Hrilgk

ﬁﬁ*ﬁﬂ%&% 125%@%?%%}2%1 R LTz, T 125 405 6, IFAD B
1386 4 ( Bk 444, Aotk 42 4 ). AD BEIZ 39 4 (B - 17 4. ot 22
4 ) Tzﬁboto DM BFEOHEIGIZ, FEADHET 64 (7.0 % ), ADBHT 8 4

(20.5 %) THY, FEADBELBLTCADRETARIZE NI ENPLNE 7
o7 (p=0.034 ), £7=. FEADFEL AD BEZNEHOFHG & HbAle fEIZ. FEAD
BECIX, 79.9 &= 5.7m&& 5.7 = 1.3 %, ADBETIE 83.0 £ 5.2 kL 5.8 =
0.8 % TohH o7,

B2 D2 FRFN DALTTIRBUIZ B LT, FREEIRIFRIR N STV 7= DT 26
%@\P*&Vwﬁ4%\ﬁiy&i/\)Ax%&\/11%¢0\%7/?
Y20 4 ThoTe, £lo, WAIEIRFREN LT STV RWVWDlX 13 4 Th -
72

PFERIFIR I NI STV =D, FE AD BETIE 9 44T, DPP-4 BHESEN 4
K. BT T A REN 24, SUAID D VDITERNR A 2 ) o3k, i
PERE THE, SGLT-2 BHEHMN 1 AT o TH Y | HEIRIFIEEEN LT STy
BEN 1L ThoT,

— 5 AD BECTHERIFIEFIENL S SN TW=DIE 11 4 T, DPP-4 BHEIRN 7
4. SU RIS D WITEN A AU IR 2 4 B mIPERE T, v 7
T A RENR 1L T OTHERFIBREDLG SN TOWRWEEN 14 THo T,



&1 BTN REER

non-AD group AD group p-values
Number of people® 86(68.8%) 39(31.2%)
Gender (maleffemale)® 44/42 17/22 0.44¢
Ages” 79.9+5.7 83.0+5.2 0.43°
HbAlc"(%) 5.7+1.3 5.8:0.8 0.69°
Presence 6(7.0%) 8(20.5%)
Previous Diabetes <005
History Absence 80(93.0%) 31(79.5%)

* Numberof Examples ° Mean + Standard deviation © Percentage

¢ Fisher's exact test ® Student'st-test

2. AD BT BT %5 DM-FE DM #£[# D HDS-R SR a7 D Lk

AD BED 39 £ D 5 B APBREIEIC HDS-R D A a7 &3> T\ 7= 13 4 % Rk
L. HDS-R DA a7 Z&F-> TV /= 26 44 FF DM BE. DM BEICA0JE L T, Bk %17
o7 (F2), EMBIT204 ( B84, Ltt124 ) T, F¥FEEIT82.5
+ 47wk ( BME:83.5 = 4.8k, M :83.2 2 4.9 ) Tholo, 7= DM
FEIL 64 ( BiE44, 24 ) T FEFEIE84.0 £ 6.5 ( B :81.0
+ 6.27%. LME:90.0 £ 5. 78 ) Thol,

HbAlc [ZFEDMAETIX, 5.5 = 0.4 %, DMEET6.7 = 1.2 % & 720 FEDMAE
CHEE LT DMBET HbAle DEE R FARL LN ( p = 0.0001 ),

F7-. HDSR DO R a7 13IEDMAE 204 T 16.6 + 5.5 4 ( B 17.0 +
5.9 8., M 16.3 £ 5.4 ), DURECIZ64C8.3 £ 4.3 4 ( B :8.5
+5.355, &Mt 8.0 £ 2.8/ ) &7po7=, HDSR DR a7 (BT, F
DMAEL L L COMBECHBRIKF R AL (p = 0.006 ), F/=, HxM
® HDS-R DA =71, FEDMEE L DM BRI T A B R o T,



#2. DMEE, FEDMBEOBEL =

non-DM group DM group p-values

Gender (male/female)” 8/12 42 0.37°

Ages” 82.5:4.7 84.0=6.5 0.469
HbA1c"(%) 5.5+0.4 6.7+1.2 <0.05Y
HDSR" 16.6+5.5 8.3+4.3 <0.05Y

" Number of Examples ® Mean + Standard deviation

‘ Fisher'sexact test ® Mann-Whimey U test

3. ADBEICRIT 5 DM-FEDM BRI DO HDS-R ( 9IREE ) Drigk

AD BElCRIT D, DMBEL FE DM BEICDW T HDS-R ® 9 THH ZFHA L., X 2 TR
L7co ABERFIZHDSR @ 9 THA DA a7 ZHE L CTWektREF T 154 (I
DMEE: 114, DMEE: 44 ) Thot-, SHEHEOEHZ a7, Flh ( FE DM EE
0.7 £ 0.5 . DMAEO.5 £ 0.675% ). B R 45k ( JEDMAE 0.7 = 1.2 /5,
DMAEEO.5 + 1.08 ). JBATORMH# ( JEDMAEL.1 + 0.7 8. DMA£ 0.8 =+
L.OM ), SODHEOEELEAE (FEDMAE2.7 £ 0.6 &, DMAE2.0 = 1.4
L)L R OCIEDMEELS = 0.7 05, DMAEO.8 = 1.0 4% ). FFowfing ( IE
DMAE1.2 £ 0.945, DMAE0.8 = 1.0% ). 3 DOHFEDOIELEFA ( FE DM AE
1.3 & 1.6, DMEEOR ), 5 oW i ( JEDMAE2.3 £ 1.2 /., DMAEE
1.5 £ 0.6,5% ). SFEOFMGME ( JEDMAEL.6 = 2.0 S DMAE 0.8 = 1.0 % )
ThoTl,



Age

Time disorientation

Location disorientation

Replay of three words immediatly

Calculation

Reverse recitation of numbers
Delayed playback of three words
Five goods issues

Language fluency

0 0.5 | 1.5 2 2.5 3

= Non-diabetic group({n =11) m Diabetic group{ n =4)

X 2. AD%%&:%H& DM-7E DM B[ HDS-R ( 9 THE ) DH#

HDS-RIE, K2 (R LI QAN LIRS TV D, KA (0l ) TRk
il &AL, &t 30 AU S ORBEKERAE Ch 5, TNENOSEIL, LLTICRT
EBOTHD,

Age: 0-1, Time disorientation: 0-1, Location disorientation: 0-2,
Replay of three words immediately: 0-1, Calculation: 0-1,
Reverse recitation of numbers: 0-1. Delayed playback of three words: 0-

2. Five goods issues: 0-5, Language fluency: 0-5

ARFFETIL, KRR~ ARE 2 5 L 72 B 2 50 8IS @ b 2 & 5 3Rk RE
OB OWTHEZIT o 7o, ZOFER. AD BT DM OB ERE A A4 %5165
F<720  AD & DM <‘:0>ﬁaﬁ WZIFFIERIZIEOFEE N R ST, 72, DMEETIE
DM Bf & b HbAle fENAEICE < . WAKEOK TR I Nz, TFEDA X
AT Tl DM B TIX AD %/a\ﬁﬁﬁé: TOHEIEDK LoEND 2EEm< 725 2 &M
WEINTWD Y, YR Tk, AD BECHERF & BEEICREOBIA A39E AD BE & bk
LT3 fFm<. FF AD BEICHAT DM BEEEZ AT 2 BF OFEPAEICHE <,
DM & AD & IFIERITIEDHBENE X bivlz, E7z. DM _:J'ob\féli DM Ff & L
T HbAle 3E < HDS-R DY R a7 OFBRIE T NRALNTZZ &b, EifL



PEIZ X 2R REIR T VR STz,

HbAle fEIZMEBZE 1 7 A6 2 4 H AT MG 2 F k3 2 i b 2 <9745
L L TCTHENTWD, ARIFFETIE DM BED HbAle OSEHIEIZIE DM BE & ik
LTAEICEL ., HhAIcETH 1.2 %DOEVMEE R LTz, HoAle fEIX 1 %
BN 2 Z CAZFRAE O ER O EF S 1.5 51/ b EME SN TRy 1V,
DMEEIXAD DU R 7 L70d &3& 2 BTz, £7-, DM EEIIFE DM B & bhif L T HbAlc
ERENZ &0 D BN EINERIRRE CH - 7= LHEE S D, Z O @Rk
2N Z, HDS-R D FEEJRA a7 OFERIKTRALNTZZ LD, mIE X R
HIBEREIN TN & TV D ATHEMEASRIB X7, AD FEIEIC L U FEIE O R 08
BEREFE S 2 ENBLON D08, Z ORBAEREERECAD DA 7 U —=v &L L
T HDS-R 2APLHEN TS,  HDS-RIZ LV AD HBE OFRBIBERETEN 21T - 7-5G
B JEDMBEL LT DMEE T HDSR 2 a7 O ERE T84 Hivl-, HDS-R I,
BHIED A 7 J—=2 7% BIIER SN2 b DO TH Y | I K D EEHE Y
MIIAThRWnWE SN TWD 2, INEES V1%, FRAEREH TIX 19.10 + 5.04
Fi. HPEEREF TIL 16,43 = 3.68 s, HEEF TIL 4.04 = 2.62 mTho7- L
L. HDS-R EJEEZ 5 BRPEICHHE L T\ D, ARIFFEICEHIT 5 I DM BE> HDS-R
DY A 2 7 I ZHEEEE . DM EED HDS-R OEH 2 2 7 I3 EEEICAEY L. JEDM AL L
Lol UC DM BE CRBAVED BEIEENH LTV D, - DMBECTIEDMAE L il L T
HbAlc EAEIZE W & D & IMPE A FRIENERERRE 2 5| & i Z 9 Al gEMEA R
e X7z, RS X, HDS-R OFERICE & IFMEZ RS20 E LA LT
W5 W KISV T S AD R TIL HDS-R & 4R & ORI THEIZR &4, DM
#ED HDS-R DA a7 DR FITFERITEE L2 W2 LB b,

DM BEIC VN, JFE DM BE & Ebifss L C HDS-R DS 2 a7 OF ERIR FRA B
7223, HDS-R D 9 THH D 9 b KT 3 DO HEEDEIL DY ZX 27 HME T EH
MTholc, ZOIZ b, DM BHIFFEEOMBENEE STV D A[REME N RIZ
ST, ADITIE, VERSJENA, SATARBEEAR T, REEATOEEICL S 3 20
FERIERDBLON D, FRCHERBFUNEEINDS Z & Ty Y — FllEiRIE
AORENEZ D B2 LTS P, ARBFZEHE R Tk, JE DM EE & ik LC DM
BECTHDSR DT RTCOIEHDFH AT HBMET LTV, FHZ 13 DOEGED
BREEAE ] O R a7 NME T TH -7, M2 T DMEECIREIMBRIRE TH
ST EMG | BIMBESHER IR U MR OREREIZ- D720 > T 2 e
DRI ENT-, 72720, A RIOFHAE TIX HDS-R @ 9 THH ZFHE L CW-AEIX
16 4 LIEBIE DD 7N D S, EFIEA S L e B CTHBLEDORRGEED
VETHDL EEZ LN,

ABFFEL D . REHEHZABE L T 5 AD B3 Tl DM D842 Z T T D
DR ST, £7-. DMEETIE DM AE L bbig U C HbAle fE3E < . HDS-R @



PR a7 PABIET LTWEZ 206, EIIEHC & 0 3RAEHEIR T 20 &
T EEZ T, MA T, HDS-RDEHD 5 5| WEHEOBEREZFHE L T\ 5

(3 OOHFEOEIERE] OB TR THR ThH o722 & D, mIMFEL RS O
Fiaa ol I L, SRR AZ IR T IE TV L AfgEEN R Sz, L, K
BFZe T, — RO ABBE 2SS E LTHY . $ERARKL L2 . %58
HIZTRAEZIT > TWND, £DTD . K0 2B K 2 WF5EHiH & WFFE D FE i
MLETHDHEEZDBND, 5% JEAIEZIOT LRI, ET7 L~ 22
TR AATO 2L T, BONTEBEEBRAEL T MERDH DL EEX DI
77



B2E BEAFARICL S5~ U AORAMEE~DEE

F1EOREND, DMEETIE DM BEL b HbAle AR A EIZE L. DM EETE
MARRIETH > 7=, £7-. DM FETIE DM BE & L ~GREIMEEE 2 -3~ 5 HDS-R D -
B2 a7 THERIK TR SN, £ LT, IDS-ROFHEE (9HE ) #lb
B L7, JEDMAES X, DMAE T HDS-R DAETHO R a7 TIET LTV =23,
FRIZUMERHERE 23l L T\ 5 13 DOHFEORIEHRA ] O a7 TR TMHEM TH
ST, ZD, 3ODFER LY . mm%ﬂﬁﬁwiﬁa%t L ﬂw EXIRT S
HH AR RIE ST, ZOBLEERGET 2 720I121%, @I X 5 R EiRE
SO DONWTEE L~ TORE B %T&)é s %z f‘onéo

FOETIE, F1IETHONLEBETHD BB X 2 REEREIK T 12D
WCIRAET B 728, BT T V& WA X mﬂ% E U~ DR
DWW CHRGFEEIT > T2,

— k-

1. ZREY

ddY Rt~ 7 2 3 s (HARZ VTR, ., BA) v, 90 HH
OFEAMTRERZ1T o 72, B L LT, control BEIZIXiBHEE 2 . & MPEREIZIX DIO
Rodent Purified Diet w/60 % Energy From Fat-Blue (SLC £zt &,
HA) ZEHRSEZ, Sk control BEIZIXEE OKEKEZ . EIMLEERECIX
Maltodextrin (SLC BRI, ##. AA) Z/KEAKTI10 %. 20 %. 30 %I
TR THKSEZ, SRE120EL L, 1 =V HT20 3T D% 4 DT T
fE Lz, SEHER, 8 2 BEZ LICE~ T AOKRE & MHEEOWNEZTT -
7o MBEEIX, ~ 7 AR OEM L., MEL2 e FOBCHREHZ La—2A
WERHM (=T TV —=2REZANT V=K ATA ), FEREEMR(=72 FS I
PERIEEMR 7 A M) 2 O CHIE L7, MmAEEIEHESS O _EFRE2 500 mg/dL Th
579, ERR% 500 mg/dL & L7~

2. {TENFKHERER

Fear 86 H BIZ/\ kKR, HEAMT 90 H BICHMEBENE, »—F—
oy NREBRAITo 7, ARESRIT A RKEBAEEE (XA L7 =X MRS,
I BAR) ZHWTH — U FEICEY 1 b/t o —CiTE & 2 5
TAL L CHIE LTz, BEOEE 7 — Y ERIULOEREr—YE LTHEAL, &
REREOK 2 % 1 LT OFHREEICANT Gk L) . 2o |3 ES) &



Z 20 pMFHAI L7z, m—F—u v Rk (v 777 b U —#REH, @i,
AA) 1Z. 7y FORELGEEZ 10 [/ 2ICREL, v—F—ay FOor—7—
L—UIlv U RAEEE, YUARL—U~ETETORMEE TERELTH
v A TEEZ 360 & L CRedk L7z, 1 ffTIZ~ D ANE T T DD, 360 FosfE
W5 F TITo 70, NTEREERER (O34 AV —F St 4R, BA) 13,
VU AL AP DR S RS HRENCH W TR AT 72, £/, AN
IZH- 2 Tz Maltodextrin I@ikI%, B AAT o 72BRIZHEHE OIKEK~DY) Y %
ZEAToTz, BEEZE 3 DR XTI 2 EEM R & L, SRRV TR
WEBRIZA D, HDOWITEEZEXTICHBELZ N2z —KE L ThY
VY hULTze By A T7IX1045E Lz, v—F—oy RikBR, /\Fkigatirdtic
MEATIZ 3 EATV, 1[EIE & 2 [EHZFIERERE L, 3EfTEZT —& & LT
L7z, 2B, RFEOBITs 70 —F v — h&X 1I1TR LT,

Rotor Rod Test
Weight and blood

Spontaneous
glucose mfasurement Eight-way locomotion
r 1 maze test measurement
dayl4 day28 day42 day56 day84 1 1
| S S S S | |
day0 day86 day90

X 1. 90 HEDOWEARRBROZ7a —F ¥ — b

3. BHAEEARDIERL

ITENRRBR M IR AR 2R Lo, B L 7TEIIEAR Z - DT~ R Y
vexA Y (HE ) Pt ATV, PR A WV TEIEE L7z, CAL, CA2, CA3,
HIR A Z 2N ORI E DJE S % Image] (ENZfHAEMFZEAT  NIH VERL) LV
210 EHTHIE L, JHI7E 10 & FT o 50 2 Bk L=,

4. WEEHERIREMT

RE K OVMERS X parametric FRED Tukey MREEZ . MAEE, AR EH R, =
— & —u -y FakBR, I\ KRR IT non—parametric ¥iE D Kruskal-Wallis ¥
EVEE BRI (- REICTHRZEZ RO, 2B, ZOHBEKEIZONT,
Bonferroni O EZIT> 72, WTILDREIZIBWTHHEHENT V7 M ZiE SPSS
version25 (IBM #L#Y) Z W, AEKUES %R (p < 0.06 ) DEEEHE
Zb L LT,



_%%_
1. EREY

REIIARE TR A AN L BT 42 B B 2 K OBE A RTEE T control
FEL LLl U CHEBEISHEIN U, REIX, FEAMT 90 H R T control #£7346.5 ¢ T
HDHDITK LT 10 YEAREETIL61.7 g (control Bt #9 1.3 %) . 20 %kF
AHRET63.2 g (control Hh: FI1.44%) | 30 %kEAMRET61.2 g (control
o #1.36% ) 720, control Bf & el L CHEAMREDSEE CTAHBEIZIKEN
HN L7z (10 %FEAMEE - p=0.001, 20 %BEAMHE : p=0.0003, 30 %PEE T
B p=0.002 ) , HEAMICE D AEISEREITEIN LIS, HAMEEIZX DK
BN A~OEEOBE NI LN o7 (K24 )

MAHEE 1 control BET 90 me/dL 2>5 120 me/dL FEEZHER L T iz, ThC
KLU CHEAMRECITR A AIC BH- U, BEAAT 90 AT 10 % bEAmiE O F-HE
1% 238. 4 mg/dL. 20 Y%HEEFTEETIL 259. 3 mg/dL, 30 Y%MEATRETIX 245. 1 mg
/AL L 7p otz (K 2B) . HEAMIC L 0 i EIT ERE N S, 20 %BEa T
FEIZHIB W T control BEE IR L THER EARA LT (p=0.047 ), control
BE &Ll U T bl S IEA G20, FEARIREIC K 2 MAEE~O R KA
X7 o7,

(=12) (0=12)

10% Maltodextrin group
(n=12)

10% Maltodextrin group
(n=12)

— ¥

20% Maltodextrin group ok 20% Maltedextrin group
(n=12) (n=12)

30% Maltodextrin group | 30% Maltodextrin group
®=12) (@=12)

e

0 10 20 30 40 50 60 70 0 50 100 150 200 250 300 350

BW(g) Blood glucose level(dL/mL)

B 2. AWML IBWET NV ~DFE
90 HlOEAMRER T, (KE (A ) SMmkHE (B ) & HITRIFAYZ: EER
IO, SEAEIZEE + S.D. TERIINLTWD, ( *P<0.05 vs control )

2. 1TBHEKHERR
1) B3EH



THEN &I control BEDOHMEIL 703.3 7 b, 20 %lEEMAETIL 688.6
7 e 20 %BFARIEET control FLD 0.98 2 TH - 7=, EIERD T IXIE
FBIFEE A2 TH T ANRRELENTZN, 20 Y%EARREOIEEI T control B & 1F
ERIFEE L 22 oT-, (X3 ),

control
(n=8)

20% Maltodextrin group
(n=12)

0 200 400 600 800

Activity level(counts)

X 3. Control B & 20 WHFATTEED H R EBHE DL
FEARTT D Z LI LD ATEIEDENWZ R LT-, £8EIXEHE + S.D. T
FTRINTWD,

2) m—%F—uy FRR

o—&—u -y RiBRIT control B, 20 %PEEMAEIIZ 3 MIOFATIC L 6%H
2L > T MR IR T DM A AL 25, control #f & Huig LT 20 %4E
BRRETITT TR OB D iLTz, 72, 20 %BEAMRETIE, 3 [ H ORT
IZBWT control BEL I LARRIK I BA LN ( p=0.009 ) (X4 ) ,



control
(n=8)

20% Maltodextrin group L%
(n=12)

0 50 100 150 200 250 300

Time(s)

[ 4. Control B & 20 %IERAMEEDIE TIRFDLLE

FIREZ 6 M EEREL, v U AR T T HE TORMZFHIL, FREEREIC
BT % EEIFERE 2 5FAM - belk U7z, B EUE T FE LS. D. TRRSN TS, (7
P<0.05 vs control )

3) I\ FREERER

n—&—u -y NRERFEERIC, \BREREEFRERIZIU T control BEL TN 20 Y%A
PRI E T 5 2 & CHEERRFF OS2 bz, 20 %A M T,
control Ff & ik U TR RO A ERIEE N A Hivlz ( p=0.036 ) (
50 ) o

TT—HITONWTHFEEIZKY | FEM A DT, iR R AR I =
7 —H#UX. control B & HEE LT 20 % BEAMEE CTHEAMEM 25z, AR
2 7enotz (K58 )

A B

control control
(n=8) (n=8)

20% Maltodextris
o (u:ixz,) n group —i% 20% Maltodextrin group

@=12)

Time(s) Counts

X5 Control # & 20 %FEAMEED J\ HRERERD L



10 ORIz, SO0 EELFETORE (A ) =T —4( B ) Z5HHl
L. PRFIEEEE D ELIB DORERE 2 3l - bt U 7=, BBEITFHE £S.D. TERRS
T35, ( *P<0.05 vs control )

3. MBBIREER

WEFS OFPRHIIRIE 1X 20 QBB frAEC CAL fEIK, CA2 fHE, CA3 fElk, pEfkE]
DRI, control Ff & bl U THEZMa/ N3 A Hiuiz, Control FT CAl
FEIIFA 0.52 % (p = 0.002 ) . CA2 FEIIFH 0.73 4% (p = 0.001 ) . CA3
FEIBIEK 0. 75 6% (p = 0.001 ) | BORENIHK0.64 1% (p = 0.0005) Th-o

7= (e, 7).

CA1

=

~ . CA?
Dentary O
& CA3

100 pm

X 6 ¥ DHIEFERK
WS O ( CAl, CA2, CA3, ®fRIA] ) O#PEHHIE DOE A ZHIE L,

TICHRERZ R LT,



control _ control
(n=4) (n=4)

20% Maltodextrin group , 20% Maltodextrin gronp
(n=6) (n=6)

0 20 40 60 80 100 120 140 0 20 40 60 S0 100 120 140
CAl(um) CA2(um)

C D

control control
(@=4) (4

20% Maltodextrin group 20% Maltodextrin group
(n=6) (o=6)

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

CA3(pm) Dentary gyrus(pm)

X7 Control &t L ¥¥A MR DOVEHAMHIR D L

WEARIZ L D~ 7 ZADOWEE ( MHIIEIE ) ~DR2, Image ] ZHWT, &
B OPREAMLE DJEA % 10 FEETEHAI L, Z OB &2 B0 #ffifb. L7z, A: CAL §H
e B CA2 #Elk C: CA3HEEK D : BREIZ/RL T\ 5,

BEEIXFE + S.D. TEARSNTWD (*P < 0.05 vs control ) ,

%2 BCIX, BEAMMIIKL D~ U XOFEHERE LS ~DOREBIC O W TIHEE
1Tolce TORR, ~ U Az @IS 5 2 & T ATERERRIC L 5~y 2D
POHBEREIR T S VSRR L VIR OFMED R SN, 202N &
MAE MRS OZFME 2 Z U, 38MBERE 2K T S 2 wIRBME R ST, T,
B 1 ECTHELNEBEL T 5,

A2 T, Maltodextrin ZkfE LA L7z, Maltodextrin @ X 9 728l
EET A MY NIBYBHEO —FETH Y RF & LTEBIRT 5 &, kA D
WY % B S, B M E LA 280003 5 2 & 3@ 525 & OV IR FAER
THRENTND W RFRICE N TS MBHEITREC) 2 ERAA LR TE
V. ZOIMBEHEOFECH) 72 BRI, Maltodextrin iZ X 2D B2 BT,

ITENHH R L, AR ONRE & MPHES A ER ER AL 20 %



PEARBEIZIRE LT Lo, ZORER, M AKX T2 5| & 2 9 rlhe
PEDSRIE X7z, PRAEREIX. BRSEEIE, n—¥ —n v FRBR, 7R
D 3 OMNHLRAEWNCFHI 21T > T\ 5, AFEIESHE2EEE & L CRE
b LAMT RIS TR SN T BEMIORTEBIO Z & Th b, AU TIL,
control Bf& 20 Y HEAMBEDOIREIEIXFERE THV ABENALINRN-T2 2
END ., B IEE R OBICEE LY 5 2 7 EEEEEEE LR VWEE XS
NT=o F72.20 % EFEAMAETIL control BEL D HIRENAEITHEIML TWBH 0N,
TEENEIL control FELRIRE THH Z Enh, KEITEIEE~EE L TV
WeEEZ LN, WRIZ, v—F—nr v NRRBRIT, SRR ISR T D EEIR AR =
ERHME LTS 9, F TR EERBRIIRR SRR 2 3 1T B RRIRIC B 9 D R RE
Oz T > TW\Wb, B—H—n1 v RiBR Tl control B & HHEE L T 20 %HEA
WRE T PR OAEREMRN A SN, HRESHEIC L DFEHRICEN
LT, m—F—nmy FRBRIZIBW T, % FIBRFOARRERFEMN A LT Z &)
O, b, FEAERERRIC I D EEgRE A EET L BN, £, N
HEEERBRIZBWT Y, 20 %MFEMEET control B & bl U CRREZERR R OF
BRIER, $l- 7 —HOBIMNALNT-Z LD, @I, RIS T
LHillBICBE T 2 RE A RET L LB O N, TS OITEERERERO 3 2%
RN U, S b IR8 A RB IR T 2 5 & 2 J rrRetE s g S v,

B M IR A RE A B T S5, Wb B @M M X 2 A INIE
ThHDESOILTWD T N CTRIERED L & F~7-WF 78 CIX b E 23 300
mg/dL &8 2 % & IFSREIZ P ICIR T L, fEsRABLERE, U —F L 7 AE Y —
REBRENMET T L0HENRH D P, £7o, 2 B RFEE IR 5 EIM
P DOFBAERE~ DB Bl Tk, mibEIC L 258 mEF X AT PRI
L. 270 mg/dL 7% 300 mg/dL FRENFRMPEEDOBE CH D Z LR IND
WhELHD P, RFRICBNT, 20 %HEAREEO~ 7 AOFE) M EIX 240
mg/dL 725 260 mg/dL TH Y | filx O~ X TH MAEEA 500 mg/dL Z#E x5~
AL BB, 20 YoWEARTRED LR MPEEIX Z OWE L IEWERTHY | 17T
IR ORI R O BET D &, BARE~TEL 5 2 2 DIT+53 72 @ Mk
BThHhoTo B ObND, ZOEIMBPIRIESTRAMEREIZ L, I RE 2 RE L
T AREMENE 2 iz, T ORI, B 1 FICBIT S S L 258 aeK
T EWVWORERELFFTAHHLDOTH D,

WS BRJE, BabE, mkE . SEARIIuRE ., BERiiiuiE 72 & TR S T
W5, 20 Y% PEAMTEETIT, CAL fEIL. CA2 FEI. CA3 fEIK M OV IR[E] D& fE T
control Ff & ik U CHRRARE 23566/ L TR Y . - _XTomEkickB W THER
fa/ NS BITz, TDOT END 20 YbEAMEETIX. WBHEEEI ML TWDH
HEMED R S VT, TER D, BRI B 1 ZIERE RIS 1T LTI D ZEHRE D R



ZEBRHESRTWD P, BGEOALRTEHIE NS b, BRI B TN, FRC
WEEDOZEENRL DD EOHEL SN TWD 2, ABFZEICEBWTE 90 H I
DOREAMIC X % B MR BE NN Fifee L72 2 & THEB ISR %2 KIE L., WS OZFEH
ol EE I LI AlRetERN R S N7c, 3 1 BT, DMEED [ 3 DO HEEDIRIE
BAE | OFHR a7 TRTHEHATH Y . @il L AWE~ORENTRE I
7o BIET N L DR OERII O R 2 XHT2 00 THY | F - Em ik
ICEDBAMKEEIN T L AONIZZ &0 D, BIENESEOFEHZS SR L, &
HIRERE 2 IR T S BTV A ATREMEDS RIB S iz,

AWFgE %8 LC, @i X D3RRI T & S O FE M R Sz, 20
FEHRITE 1 BTOBRELZ IR T 20 THLEEZDNZ, ZOFEET L~
A&V, S5 EMKRET D 2 & T DMIC X B RBEVERIE O JRIA O fEREH
WIZCERDHDLDOTHD EEZ LI,



32 WEEOZEN L ACEs DEI%

%2 BT, WAMEITY 2L T U AZEMMRIEIZT 5 Z E R ATRE L 72
D ATENEREEER CORIMERRIR T A LNT-Z LD, EiEET L~ T R L
LCRHiid 2 Z ENAfe L 72 o Te, £70. 3 7 AMOFEANRERIC X 2 ARt
DA E R EO L& L ATERBRER I 1T 2 RBAMEREIR T IO 2, BEARTRE
(23T DRSS DA T OMRMLE S A I/ N Lo Z D, g A VERS
DFEMEGI I L, REESELZIKT I 5 alfEMEIRIE S, 5 1 OB
DX FFs i,

Z OEIMBEFIC L DFREREREE A5 S 2 RIAME & LT, B bR
W)Cd % AGEs DEIE-2MER ST Y | AGEs 115 BE DO FRFGHC L v AR K OV
BENBLEEZLNTNDT, ZOARK ST ACEs IC L 5 R AHSHERS & 1 s
ENTWDH, WEEOZEM L AGEs & OREIZ T 2 A-CHm S 1L 720,

%3 ECIIATIR Z RIS L flemEeT v~ U A 2Bk L. ZDHE)
WET V% FO T2 m LS & 2R RE & IR~ DB SOV TR 21T -
776

— itk —

1. EREWY
C57BL/6J 7 s ( BAZ Ukt B, BAR ) v U RZHEH L,

control #E& 1 YokEALHE, b Y bEAMTHE, 20 %MEAMEED 4 FEA AR 5 LT
WE LTz, FEAMBCIE, 24 FFRIMER S E 2%, 1.2 % w/v NA KRR ( Foxt
AR A, BUL, AA ) 240 mg/kg REZ RN G- L, £D 156 2%IZ 1 %
w/v STZ K¥EHE ( Ptk st B, BAR ) 100 mg/kg AR % JEIE N
L7, ZO8EEEZ 1 HZET T2 IR LITo T, BH%, BEAMRECIE, &
fif & L T DIO Rodent Purified Diet (g)w/60% Energy From Fat-Blue ( SLC
RS, 8, BAR ) 25 %, fUKIZ/KIEK T Maltodextrin (- SLC BRXE
fhy BRI, BAR ) 21 %. 5 %, 20 %ICHARI 72 Mal todextrin iK% 5- %
77o F7-. control FEICIZAFEEL & KEKE G 2 7=, HREE DR & HUKIZEH
BIvE L, 4 AR EZ T o 72, B, RE L mbEEE 1 A Z &1l
E LTz, MAFEIL, ~ 7 ARFIR» S L, fEEs e oA ORERZ Vo
—ZAWERM( =7 BTV —2RLXANTV—FZLTA ), MERIEEMR =7
= FS fBERIE BT A & ) 2 AW THE L7z, A EITHIERR O ERAS 500 mg



/AL TH D72, ER%EZ 500 mg/dL & Uiz, T VOERGIELEBTAT Y 2 —
T TITR LT,

A After fasting Glucose loading

(4 month)
I 15min L 15min | A
1Day
i el |
NA STZ NA STZ
Weight and blood
glucose measurement .
N Eight-way
B r 1 maze test
day30 day60 day90 day120 1
| | | | | |
I day126
oy Spontaneous
locomotion

measurement

L J
T

Rotor Rod Test / Once every two weeks

X1, EBBRAFZI 22—/
EIMPEET L~ ZER (A ) %, 4 » HIOWEAR Z1T o7, 4 » HEOFE
B kBRI A TEN R BB 21T > 72 (B ),

2. {TENFKHERER

4 r A O ArRRE, AREESEIE, v—F—1 v R, kKR
BRaAT o7, AFETEIT A BEBHELEE (A Ly =X MARSt, Fil, B
AR) ERHWTT = TFEUCELY 10 S0/ o — T TEh & 2 ik L
THEL, BEOFRBY —Y L RUbDOEREr —Y & UTHH L, BIEER
DA% %2 1 ILTOFBBEREICANT GifkZe L) . oA REH R~ 20
SEFHR Lz, v—%—o v FRBR (07727 MU —KXSH, @i, BA)
X, vy FOREEEZ 10 [/ I EL, e—F—ry KOR—F — L —
VIR UAERBEE, SUARL— UK NETCORMZE FERE LTI v b
F7EZE 360 L LTREek L7, 1 AT~ v A% N3 570, 360 Fb23 e 3-
HETITo T2, NFRERER O 4V —F XS4, 4R, BAR) 1T, ~
U AZHTA DA ST TERELZ BN AW TR 21T o 72, 7. BEAMEEC
H.Z2 Tz Maltodextrin 38iRIE. HEBEZIT - ZBRIZ/KEAKR~DE Y X 21T -
oo BEE%Z 3 DR X R 2R & L, BRENEVTRVWERIZ



AND, HOLVEIREZREXTICHREAL N R E =7 LTy ML,
Iy AZ7F 1045 E Lz, v—%—uy RERBRIX, 28I 1 BREL, HEa
i 4 r A ORBFERE T — % & U THER Lz, £/ RERERICONTE
PERA 4 7 ARRICHi1T2 3BTV, 1[EIH & 2 [FIH Z3eERE L, 3 fTH %
F—H L LTHA LR,

3. MREARDIERK

ITERABR WL (IR AR ZER LT, v VAV = F L= — T L TLREIE S
W7o, BRERR 7 viE, U UERRRE AR RIE K (PBS ) D 4 %R/ ATV
TERTLHBBEELE, 20k, BAKBLONT 7 0 VRIEE%, ME T 7 4
a7 DIAA, Leica Microsystems ( Wetzlar, Germany ) Z VN, 5u
m OEZTER LTz, IMOREMEFINEIEL, ~~ ) oo
( HE ) Yeta TRkl L7z, KIT, ik b 2ot ofoolz, N7 7 ¢ el
Nz~ ARG R 22X Lo BLOR—HEOT L a— /L THANT 7 0 L, EL
LA R —=7DEINE 1 BAXFLAINTIZEDTryX L TO%, R %
—WBHUA ( PUAGE Hifk, abcam ab23722, 1:400 ) & —WaAf L F2— kL,
BN TEATF AL ZkPUA ( Vector Laboratories Burlingame, California.
CA ) & 2WfElA o F a~— L, RS Z IR EEER Y DAB %~ b (
HTAT AT KRS, FTHE. BAR ) (kv et b L7z, AGE Yeailklos 7
DB AT A s XU UTITY, SRS KO U H v 2T (BX63,
DP72, Olympus, HA, HA) THEOBIEL IOREEZITo70, SRR L 72N
K, ~~hrxv V-4 Ty (HE ) Yefa &bt AGE Huik 2 H 7o sa ki b
YL ATV, SIS CHIZE LTz, HE Yeft L7 AEARIZ DUV TIE, CAL, CA2,
CA3 FEIE M OV IR [0] O #hi A 8 D X % Image ] ([ESZ A ZERFZEAT  NIH THERR)
IZ& D4 10 FHATHIE L, JIE 10 & O FE8IME 2 5 fEk L=, F7=. BLAGE i
R % W T S Yt 24T o ToAEARIL G S 372 AGE DMEEAR AR D 25 % T+1,
50 % TH+2, 75 % T+3, 100 % T+4 & L, MEICYEBINTNDLHEETA o
TAL L #1772,

4. WEEHERIREMT
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Abstract

Research on the effects of hyperglycemia on cognitive function

Introduction

According to the "Study on Future Projections of the Elderly Population with
Dementia in Japan," the number of elderly people with dementia as of 2012 is estimated to be
approximately 4.62 million. It is also estimated that by 2025, one in five persons aged 65 and over,
or approximately 7 million people, will have dementia, and the number of people with dementia is
expected to further increase in the future.
In recent years, it has been pointed out that cognitive decline associated with poor glycemic Control
and diabetes mellitus (DM) are risk factors for Alzheimer's disease (AD) and other forms of
dementia. In the Hisayama-cho study of subjects aged 65 years and older, diabetics were reported to
have significantly smaller hippocampal volume than non-diabetics, and various studies have been
conducted on the relationship between DM and dementias. In addition, Advanced Glycation End
Products (AGEs) are thought to be involved in the development of dementia due to DM. However,
the details of the mechanism of DM-induced dementia onset are unknown. Our laboratory has been
conducting research to elucidate the mechanism of DM-induced dementia. To examine the effects of
hyperglycemia and DM on cognitive function and the hippocampus, we conducted both clinical and
basic research on the relationship between hyperglycemia and cognitive function in patients and the

effects of hyperglycemia on cognitive function and the brain using animal models.

Chapter 1. Investigation of the relationship between hyperglycemia and cognitive

function

In Chapter 1, we investigated the effects of hyperglycemia on cognitive function in psychiatric
patients. A total of 401 patients (male: 188, female: 213) aged 65 years or older were studied
retrospectively by electronic medical records, with 125 patients (male: 61, female: 64) included in
the analysis. Among these patients, HbA1c values and cognitive function in the non-DM and DM
groups were evaluated using the HDS-R for AD patients (39 patients). The results showed
significantly higher HbA ¢ levels and significantly lower mean HDS-R scores in the DM group
compared to the non-DM group, suggesting cognitive decline due to hyperglycemia. Of the nine
items of the HDS-R, "delayed replay of 3 words," which assesses hippocampal function, showed a

decreasing trend in the DM group compared to the non-DM group, suggesting that hyperglycemia



also affects the hippocampus. This suggests that hyperglycemia may cause atrophy of the

hippocampus, leading to cognitive decline.

Chapter 2. Effects of glucose loading groups on cognitive function in mice

To verify the discussion of "cognitive function decline due to hyperglycemia" obtained from
Chapter 1, we examined the effects of a glucose tolerance test on cognitive function and brain tissue
(hippocampus) using mice. The test animals were 3-week-old male ddY mice, which were divided
into a Control group and a glucose loading group, and glucose loading with Maltodextrin solution at
concentrations of 10%, 20%, and 30% for 90 days. Body weight and blood glucose levels
increased over time, with significant increases in both body weight and blood glucose levels in the
20% glucose load group compared to the Control group. Behavioral pharmacological tests
(Locomotor activity test, rotor rod test, and eight-way maze test) were further examined only in the
20% glucose loading group, which had the greatest impact on body weight and blood glucose
levels. The results showed no difference in spontaneous locomotion between the Control and 20%
glucose loading groups, but a decrease in cognitive function was observed in the 20% glucose
loading group compared to the Control group in the rotor rod test and the eight-way maze test. In the
hippocampus, CA1, CA2, CA3 and dentate gyrus regions also showed significant shrinkage at 20%
glucose loading group compared to Controls. The concomitant presence of hippocampal atrophy and
cognitive decline in behavioral pharmacology tests suggests that hyperglycemia may cause
hippocampal atrophy, which in turn may induce cognitive decline. This result was considered to

support the discussion obtained in Chapter 1.

Chapter 3. Relationship between Hippocampal Atrophy and AGEs

The results up to Chapter 2 also suggested the possibility that "hyperglycemia causes hippocampal
atrophy, leading to cognitive decline. In Chapter 3, we created a mouse model of hyperglycemia
based on previous studies and examined the effects of hyperglycemia on cognitive function and the
hippocampus. The animal model was tested using C57BL/6J (7-week-old) mice. Nicotinamide (NA)
and streptozotocin (STZ) were administered intraperitoneally prior to the glucose loading group. The
animals were then divided into Control and STZ groups (Maltodextrin solution: 1%, 5%, and 20%)
and kept for 4 months. There was no difference in body weight in the glucose loading group
compared to the Control, but there was a significant increase in blood glucose levels in the 1%
glucose loading group compared to the Control. Behavioral pharmacology testing was limited to the
1% glucose loading group, which showed a significant increase in blood glucose levels. Behavioral

harmacology testing was limited to the 1% glucose loading group, which showed a significant
p gy g



increase in blood glucose levels. There was no difference in spontaneous locomotor activity between
the Control and glucose-loaded groups. Cognitive decline was observed in the 1% glucose loading
group compared to the Control group in the rotor-rod test and the eight-way maze test. In the
hippocampus, each region (CA1, CA2, CA3, and dentate gyrus) showed significant shrinkage in the
1% glucose loading group compared to the Control group, and AGEs were also observed in the
brain. This suggests that hyperglycemia may cause hippocampal atrophy, leading to cognitive
decline. The formation of AGEs in the brain was also observed, suggesting that hippocampal atrophy
and AGEs may be related. These results suggest that the mouse model created in Chapter 3 can be
evaluated as a hyperglycemia model mouse and support the possibility that "hyperglycemia causes

cognitive decline" as described in Chapters 1 through 2.

Conclusion

Through this study, it was suggested that hyperglycemia causes hippocampal atrophy, leading to
cognitive decline, and that the formation and accumulation of AGEs may be associated with
hippocampal atrophy. Persistence of this hyperglycemia may lead to development of AD and other
dementias. Therefore, the fact that hyperglycemia, a preliminary stage of DM, causes cognitive
decline may help elucidate the mechanism of DM-induced dementia onset. Based on the results of
this study, we would like to continue our research to help elucidate the mechanism of DM-induced

dementia onset.



