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1-AG 1-arachidonoyl glycerol
2-AG 2-arachidonoyl glycerol
2-AG ether 2-arachidonoyl glycerol ether
2-LG 2-linoleoyl glycerol
2-MG 2-monoacylglycerol(s)
2-0G 2-oleoyl glycerol
2-PG 2-palmitoyl glycerol
16:0 palmitic acid
18:1n-9 oleic acid
18:2n-6 linoleic acid
18:3n-3 a-linolenic acid
20:4n-6 arachidonic acid
AEA N-arachidonoylethanolamine
ATP adenosine triphosphate
AUC area under the curve
BAT brown adipose tissue
BAR B-adrenergic receptor
BIIE BIIE 0246
BSA bovine serum albumin
CB1 cannabinoid receptor 1
CB2 cannabinoid receptor 2
CCK cholecystokinin
CCK-A cholecystokinin A
CCK-B cholecystokinin B
CMC carboxymethyl cellulose
DIO diet-induced obesity
DIT diet-induced thermogenesis
DMEM Dulbecco’s Modified Eagle Medium
DMSO dimethyl sulfoxide
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Fig. 1-1. Secretion of CCK in response to various 2-MG and fatty acids.

Fig. 1-2. Release of LDH in STC-1 cells exposed to various 2-MG and fatty acids.

Fig. 1-3. Secretion of GLP-1 in response to various 2-MG and fatty acids.

Fig. 1-4. Effect of extracellular Ca?* on 2-AG and 20:4n-6-induced CCK secretion.

Fig. 1-5. Chemical structures of 2-AG and similar compounds.

Fig. 1-6. Effect of compounds structurally related to 2-AG on CCK secretory activity.

Fig. 1-7. Effect of compounds structurally related to 2-AG on GLP-1 secretory activity.

Fig. 1-8. Changes in free fatty acid concentrations in the supernatant during the secretion study in
STC-1 cells.

Fig. 1-9. Expression of CB1 in STC-1 cells and mouse intestine, and effects of CB1 antagonist on
CCK secretion induced by 2-AG and 20:4n-6.

Fig. 1-10. Expression of CB1 in GLUTag cells and effects of CB1 antagonist on GLP-1 secretion
induced by 2-AG.

Fig. 1-11. Effects of GPR120 antagonist on CCK secretion induced by 2-AG and 20:4n-6.

®28

Fig. 2-1. Effects of oral administration of 2-AG or 20:4n-6 on gastric emptying.

Fig. 2-2. Effects of 2-AG on gastric emptying in the absence (A) or presence (B) of the CCK-A
receptor antagonist (devazepide).

Fig. 2-3. Expression of CB1 in the mouse intestinal mucosa and effects of 2-AG on gastric emptying
in the absence or presence of CB1 antagonist (SR141716A).

Fig. 2-4. Effects of 2-AG on the gastric emptying rate in the absence (A, C) or presence (B, D) of

8



SR141716A (phenol red recovery method).
Fig. 2-5. Effect of intraperitoneal administration of 2-AG on gastric emptying.
Fig. 2-6. Effects of oral administration of 2-AG on the portal (A, B) CCK and (C, D) total GLP-1

concentration in the absence (A, C) or presence (B, D) of CB1 antagonist (SR141716A).

£3E

Fig. 3-1. Amino acid sequence of the subunit of B-conglycinin, one of the major components of soy
protein.

Fig. 3-2. Amino acid sequence of the subunit of glycinin, one of the major components of soy protein.
Fig. 3-3. Feeding and protein administration increase the rectal temperature in rats.

Fig. 3-4. Among dietary proteins, rectal temperature is increased in a dose-dependent manner and
to the greatest extent by soy protein.

Fig. 3-5. Dose-dependence of various oral proteins on rectal temperature increase.

Fig. 3-6. Effects of B-AR antagonist, propranolol, on the thermic effect of soy protein.

Fig. 3-7. Nonselective B-AR antagonist abolishes norepinephrine-induced increase in rectal
temperature.

Fig. 3-8. Subcutaneous norepinephrine increases iBAT surface temperature of rats.

Fig. 3-9. Oral soy protein did not increase iBAT surface temperature of rats.

Fig. 3-10. Mild cold exposure lowers the tail skin surface temperature of rats.

Fig. 3-11. Heat loss from the tail skin surface is not involved in the thermic effect of soy protein.
Fig. 3-12. GLP-1R antagonist abolishes soy protein-induced increase in rectal temperature.

Fig. 3-13. Oral soy protein stimulates GLP-1 secretion with or without GLP-1R antagonist treatment.
Fig. 3-14. Physical activity and correlation between oxygen consumption (VO3).

Fig. 3-15. Oral soy protein increases oxygen consumption (VO.) via GLP-1 signaling.

Fig. 3-16. GLP-1R is essential for the increasing effect of soy protein on rectal temperature.

Fig. 3-17. GLP-1R is involved in the whey protein-induced increment of rectal temperature.
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Fig.3-18. DPP-4 inhibition enhances the rectal temperature-elevating effect of soy protein.
Fig. 3-19. Oral soy protein and DPP-4 inhibition did not affect insulin levels.
Fig. 3-20. Effects of the amino acid mixture on the rectal temperature and active GLP-1

concentrations in tail vein plasma

g
Fig. 4-1. Schematic diagram of the proposed mechanism of gastric emptying inhibition by oral 2-
AG.

Fig. 4-2. Schematic diagram of the findings revealed in this study.
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B3E

Table. 3-1 &{FE7 I / BRHERK
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RERLHLEEFRLEY

b NS, BYHhORERZEL - BINE WS IEREZRTEAICERY AA TV,
B - BIRZAT I HEEE L, BAICK Y BENEL > THY ., TDOBEHLEEIETH D, HIL -
WU E K L CETIED7-0ICIE, BEERORERBRZBAL., BLE2AROEEL RS
M@ E20ELH S (K, 2014), SHILE IR > THIEL TL 2 ELERS LML, B
ZOENIBERENFEICIRZ, BLEEFRLEY VWS BREEVEEERICHE L, BER DM
BRENL T, HILROD W, BEILEDES R EAAE L TS (Zhangetal., 2019), TNET
2. BERDODUMBEERZE T2 /L Fr23LHE LT BEROWERETZ2HR MY >,
AR U ERET B 7L H TR~ TF F-1 (glucagon-like peptide-1; GLP-1) 7 /L 0 —
ZARTFHEA > R U o bRIEGR ) = 7' F K (glucose-dependent insulinotropic polypeptide; GIP)
BEESW - BHEHZHIHT % Peptide-YY (PYY) %R EL K DELERLEVAREINTLS
BUAEFRLEYORICIE, BROAHICESLTLW2H00H Y, EREEICEHCIDLE LT,
BhopIns Ly, BEDEICEBC DE LT, aL X FF = (cholecystokinin;

CCK) ® Ik GLP-1, PYY Z &EAHIHNTUW S (Murphy and Bloom, 2006),

EBIC & BHILEFIVE i

ERNEIER BT 2 HLEFRILEY & L TERMICKRE S N7z CCK 1d, ERB/INGICHTE
T 5EERSLMAE [THER] 2. EICRECR VX VBEREOREZRZRANT 5 2 & THUD
R XN 3 (Dockray 2012; Rehfeld 2000), = DAEEEA E L Tk, BAINSOMIC, BD 5 U
WE. EERSWEE. BEEHIF R &N H 5 (Liddle 1997), CCK IFZDDRHFEMNR G R /Xy
BHERZ A (G protein-coupled receptor; GPCR). cholecystokinin A (CCK-A) Z&EE L O
cholecystokinin B (CCK-B) SZAKRICERF S 115 (Egberts et al., 2020; Liddle, 1997; Miyasaka and
Funakoshi, 2003), CCK-A ZAMKILBMIED T BEH. BMOBREMIE. REMRE, FIX
-3 OFAFEOMHRRICHKIE L, CCK DX EREBIERATH 2 RAHE]. BB INHE. BHEH

4, RS W EHNL TS (Herranz, 2003), —/5 T. CCK-B &KL B KR D BEHH T ©

12



FEERRL, BM. ARG EICEVWTHEIEL, BBEROMCALOER, BRREREDOFERZMHNL
TW3 (Herranz, 2003; Rehfeld, 2000),

JEE 2 CCK DD T ELRERF TH 2 (Liddle, 1997), ¥ 7 X+ 1585 LR EIEL
BN AL STC-1 OB (Rindi et al., 1990) LA, BEEAVELEANDWMMRICEEIERT
%5 Z & T, CCK DM AEIRET D Z &AL A IZ7% -7 (McLaughlinetal., 1998), CCK A&
BT 5IREOBENEMICEL TIX. invivo, invitro A DRERTINE TIZZHROFEN
Hbd, PUTIIILTYLA—)L (triacylglycerol; TG) (. FEHERD & 5 ARENEMEARIC K Y FAL
INFEDDOAN, I NTLELEDLYH CCK MEREAEVW I EATRERINTWLS

(Ledeboer et al., 1999), TG A Y /S—H(C & U IIKDFEINTE L 2B L. SHEA 12 UL
LEDHLDTCCK DM ERET 5 Z LML AITHR > TS (Little et al., 2007; McLaughlin et al.,
1998), 7=, EAMfsfrE & V) REIMBERRR DA A TEMBEHBROF LY REDHE DM, + 7
Y ZAELE ) CCK MEMNA BV EATRBENTWL S (Hand etal., 2010), TG & Z DHILEY)
ThHhDBEHERRLERT 2L, TG OFN., CCK HMEEMEVW EATEIN TS

(Damgaard et al., 2013; Hildebrand et al., 1998), F 7=, ML /ZACIEEREAEL ST
TERDSIH, YRBEOREMT LT E RHEC CCK NibeFET I ENREEINTWVS

(Nakajima et al., 2014), & 52, BRMEICL 2BEREYEACL A, ZEREEET
WL OnDAF Y IEIHERIC CCK BEMEN R SN T2 (Hiraetal, 2018).

FEE D FRIFW DA E L O CCK mbaHE IC ITHARICHKIRT 5 GPCR #'B 5 %
ZENTINETICHLMNIZZE > TS (Reimann et al., 2012), FEBEAERHEL % B9 5 GPCR &
LT, & - REPEAHEE A 3259 % G protein-coupled receptor 40 (GPR40). G protein-coupled
receptor 120 (GPR120) ~°. #2#HfsihE: % 5859 % G protein-coupled receptor41 (GPR41), G
protein-coupled receptor 43 (GPR43) @ 4 f&#E A [EIE & 11 C L % (Covington et al., 2006; Hirasawa,
2015; Milligan et al., 2017), I 5l T X STC-1 MEICE W TRIEBAERIN TS

(Hirasawa, 2015; Kim et al., 2015; Liou et al., 2011; Milligan et al., 2017; Sykaras et al., 2012),
F o REZSRECIEABRRAZEAETH % Transmembrane G protein-coupled receptor 5 (TGR5)
mEN, BBEICK D CCKMRICEAE L TLWAATREMEATRERINTULS A, | HRE TERICHKIRL

13



TWHEMEDI D, EDK SIS CCKMMFEICED 274 EDFMIZHONICR > TLARL,
BEE L CCK 7217 TH <, GLP-1 ® GIP 2 ¥ D% < DELERILE > Db % 5877 IR
B9 % (Elliott et al., 1993; Liddle et al., 1985), GLP-1 3. EICEIBHEBICHET 2 HILERN
SRS TLHERZ) 2. IRAMEHICERE., X v /XU BREDREREZ BT 5 2 &L THMIEES
N3 ELEKRILEYTHY (Baggio and Drucker 2007; Elliott et al. 1993). JHERL D FHE
(Gutzwiller et al. 1999a; Gutzwiller et al. 1999b), BHFH D#NF] (Nauck et al. 1997), 4 > 7 L F
VR ELTHOND LA -RIKEFENBA VY IY VMR EZNL-BHROERED
(Kreymann et al. 1987; Komatsu et al. 1989) 7 &, S X I EFRBELEBIEFAZBEL WS, 41~
JLFUshRIZ 2 BRERFBICE T2 MERTICER TH D720, GLP-1 &K (glucagon-like
peptide-1 receptor; GLP-1R) {EBI 0 RS & X 7 F V)L T F & — -4 (dipeptidyl peptidase-

4;: DPP-4) PREE (T 2 BUEFRFAEICIL < AL SN TULS (Ahmed et al. 2025),

FEEDORRANDZE LR EE DM

EhEIIRLF—RE LT, MEZBRYT 22 E LT BRh olREZEIRY %,

o, BBEICIR. BAMOE LIV vHhAT /A REERIBISATCTVRERDEZEURMAE
—HEICAELEIRT 52T, INODRERDZERNICRININCT KT 2EBELH D, o
I U/ =B a-Y) /L B EDRZARRIFRRITE R DR ICRRI R T, BEICK Y ER
TOIMENHD, LHLBND, BRAIOEEZENSTESLL, BECAZRY vy Fo—
L, DEEBHIILHE LEEFEBROVRIEBDIYTEHI LR >TLES,
5 FENERRBE - REFAELR T, BHE (BMIZ25kg/m?) DEE(1E. B 31.5%., ZHE21.1%
ThY. D10 FHTHD &, WETIEFEBRIBRIEAONE WD, BHETIEFR 25 EH 5%
MTEOMICERICEIML Wb, £/, HREMNICIE 2050 X TIOBEES L UBHDOHKAD
ML 3BRAICEL, TOFRTOHEERBIAAODFESNZBI 2 EFHINEY (Ngetal
2025), BENT B F0 - WEDARDIREIIRRBROZRETH 5,

EF. GLP-1R FEIED £ OBELTBHB IR A 5. K Z FOICTHIZHEFERIICHIKR

14



L TW% (Mahase 2024), LA L7%AA S, CCK ¥ GLP-1 % ¥ DELERILE Y BELZOZR
HIEEBEZHEWICKRET 22 Lk EERBEICBEINS (Zheng etal. 2024), = D—5 T,
feEoaofEmTlEZ<. RWAIEICER L. CCK *° GLP-1 Oz {eEd % 5E DB

., BRCHELELEOKREZZEN DHENICHE TENE, BEPAZRY vy I FE—LD
Ty - REICHSTHAUNH D, TDI-8, CCK X GLP-1 74 & D ELE R ILE > Db & (2
T O HEEEERRE OB . T OERKB ORI, EERNTOMEZASMICL TV L

BEEGMRRETHDLEEAOND,

IEANF—REE ZDESR

FEBENEDORX =Ty bO—DE LT, TRILF—HEZEHHZLHEEZOND, fA
Tob NBEEEBD/-DICHELRIRIILTY—%, BYHPORERTHIEE, BE. 2 /70
BhroBTHY, INODORERIFFNTIEIEFLAIRLF—ICERINTHAHAIND, KA
THAINZTXLF—ICIERD LS BRI OAH 2 (IiF 2014), (1) BT RILF - {FEOH
o (2) BT XL ¥ — HIE. AN TOMEREE (EBEX). HRORBEERLE, (3) B
[IANF—  HRORMIEE, 4) LFEIXLF— AN TOYEEHK

MO OICTRLF—DPRAETHD I P, BREASNPED LS ICBHb-oTWVS

D ORERIZ 18 HICHRFD T RT Yz DMRICIHEHKT D, 7 7V ADIFETRT Y = (1743-
1794) &, WIRFICHKET 2HIIBROBEE L —BILRRDERITH > THET DI EEHER
7= (Karamanou et al. 2013), £ L T, BRICERFZDHEE & —BIVKRDERENIEMNT 5 &
L, FRICEDBYOBRBENMENTIRLF— () A2 WHT AR LA, ZOF
RTCIxVF—RKFBOBEHARINI-ZLICLY, REFHNFRE L TOMAEBI-E SN,
F7-. 1849 F(Z, 7TV RADIIN=3— (1810-1878) & U A+ (1818-1896) (&, FFIRIC L 5
FBRAEE "B FHEE L OEY, ERT 2BMICL>T0.62 15 1.04 £ TEET S
EEBHL, RAYD7 Y 2a—H— (1829-1910) (& Z DLEXRA MR & FEA 72 (Frankenfield

2010), £FERNTO TR F—BEE (EBEHNREE) OBEEICEMLEZDIE R Y DILT I
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(1854-1932) &, 7XYUHDT + 7+ —42— (1844-1907) TH 2, L7 xIEE /3T EHE
NTIEZERICHEBEINT ., 7/ EFar SN e 2#RH L. ¥BE, BE. 2 XVE
NEN1gH-) DT xRILF—8%, 4.1kcal. 9.45kcal. 4.4kcal & EH7- (Borsook 1936), F
7. BRICHRORESNEAT 5 2 L2 HYHRTIERA L. 2 RREIIIER (specific dynamic
action; SDA) & MEA 7S (Carlson 1997), 7 b7 4 —&X —(3HEB, f§E. 2>/ /BFZNZN1g
H1-Y) OMRBEEZ. 4 kcal. 9kcal. 4 kcal & TE& (Carpenter 2003), M%7 b7+ —&—1f%
BMEGAT, 85, R4V DYy (1847-1920) 13, B 12 KR LG L TRIRTHEDL ICHE
ICHE>TLWHEZDORBMEZAEL. B—AWTIEIZIDEINVDE—FETHD I EanlLT,
1906 £V > Y DFIF Y7 X R - L E (1865-1955) ', Z DLH% EHEARH (basal metabolism)
Lanta L7z (Magnus-Levy 1942), Z D, 7 b7+ —X—&X2xT7T 142 b (1870-1957) &, B
BOEBRAHHEIFREFLY B REVWIEZBEONICL, oo BREFHICL 2T RLF—KH
DEMEEE L7z (iR 2014), S5, —Eok FRBOBR, ERICHS TXLF—HED
BNeRRMOEBEIRADY —ICNT2EETERT & /XA EERICKEA SDA (30%)
ERODICH L, KM PIEEDZNIEEEIC/NI WL (ENTN 6% & 4%) T E&hRINT
(Lusk 1931; Keele and Neil 1961), LA L7AaAH, BOMEICEWT, I EFIEAEROEBEN
IFRNF—HEBICRAKROFEEZ RITT Z EARIN (Ashworth 1969; Garrow and Hawes 1972;
Pittet et al. 1974), Z DRI X VX TEICFENTHEWLWZ & n, SDA LW HREIE. BES
FEEESE (diet-induced thermogenesis; DIT) CEYDEZHE (thermic effect of food; TEF)

ICERLESNT,

BEFAYHEEDEBHNEE & REFARE

DIT I, BRICL > TEINT 2RELEDHBINTH D, DIT (3. ERRH. BEEBRRH
EEBHIT, —HOIFRALF—BEZENRT =D > HbD—D2TH5 (Westerterp 2004), DIT
F—BHOIXLFHED 10%REICBELVD, ZOETIEFTRILF—INXZIEICEIT. RE

FIUCIZHEEISDBEREIC DA B e EZ b N TS (Ho 2018), BERICX Y 2 FERIGDEWAE
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HMOERE A D E WD ALK 100 FEFICIRE X 1172 (Wang and Strouse 1924), D, 1997
FICHRESINZL E2—ICL 5 & (Jonge and Bray 1997), 49 tFDERAKHZERD 5 © 29 T, &#F
HLY HBHEED DIT AMED - 72, LITHHREICH T 2IEH L DIT OREOHEDEWIL, BIE
FECHRBEHFOEVNE WS TRABRT A VDI DEICHEKT 2N H D & EE O IXiEm
T TW2, 7. BBENTRILFHBEEOEMEEEL TLWEHE D AEERY EIT7: 2016 &F
DL Ea2—"TIlL (Carneiroetal. 2016). [fE#E#E @ DIT IF{EWL & WD % X3FT 5 aHlIEA~+9 T
H5] LfEwmITONTWS, ZDLSIZ, IBEE DIT DEEICOVWTIE S EIELRBR - |
NH5DHERIRTH %,

DIT F—MHIC. Akt DA ELE (obligatory thermogenesis) & (T EMIREE £

(facultative thermogenesis) @ 2 DD ERICHIT o b, FAIBOEKRRELIL, ERL-RESR

DEfb. BIX, BTE% EDEBNLERIS, THRAF—IRX b2iEd, —A. FENEREE L. ©
AL DRBELE (SN AREE T, BRICEMLI ALV F—ZRIML T, A& L TZDI R
IWF - T 2REL%ZIET (Saito et al. 2020), Z DEDKENIC B EPEIFER (brown
adipose tissue; BAT) #'B5 L TW5 EEX 5N TS (Bastias-Pérez et al. 2020), HASARRA
A—BICEIRYT 2 T3 —E(35) 1900 kcal (515 F [ER - #EREHAE]. EEFHEE)
THY AFITKT0H keal bDO TR LT — (BREY) 2EBERL TWS I LIRS, LML, EF
DIEICIZEEE —TEICROEE I D> TWE 7, BADEEIZIZIZF—EDOHEAICIWNE > T
W2, FBNGERAEEICIE, COREZ—EICROBEEE L L TOREDH DL EEZHNTL
% (k¥ 2015),

RAIBDORAEEDKEZIIFERT 2BHOIAAF - THEL, ZOREEDICH
FL, ERIALF—ICH LT 2> /878 20-30%. #EE 5-10%. fEE 0-3%. EAE 10%
FBE &I TWL3 (Scott and Devore 2005; Karst et al. 1984; Tappy 1996), X > /X7 BEIEBEUZ &
% DIT OTLEARHINTHAD 100 FIZFEDRVEEHLNHDICHEEAHLT. ZORELLED AN
ZRXLFFDICBRBAINTES T, RFICZDIXVF—ZHET 270 E MR THICE
¥ > TW5 (Halton and Hu 2004),

FRCAFOETIZEH LT TR, READOETOAZME. EBREE. BN - HHD

17



T2, OWTIHEFEAESRES G- TWAHILaRZ7haE, X FIFLERBEEAE RN
hhsd, BExREIE, BZ2N L THEND OMEPIHRERPLC IR LT —RKBFZ25HH N TE
niE, INSEBEEBEZEDFR - WE~OEBPHFINDS, ZD7-H, DIT. £ blf. BRE >V

NOBEERICE DSV DIT TTED X D= X LEPIE, HENEROASAETRREL VLA S,

FRRODBENE L UimXER

AR, BEBLCR Y ANIBEOEMERLEY 2N LI-EBERICERB L., -k
SEERYECERFN T AR, £BNEEFRORR L. G<hoMon s EBRRICHT:
WAREEZR, LUVRVEBALEMT 2 2B LI-EBMRTHS, BEHL TR0
BECLZ2BREBICEZELL, 7D, FLCBBET I LT, REFOILARZIEEY, i
RPTCEEFEL A>TV, SEFIELEBEOF - AEBROEKREZ B LR ~DHKEIC
BEETHDHEEALND,

RemXlE, EROBMNICHR > TEBLIZARABRZEILTCCLH L7z, FiRTIRAME
BATICH > TOEBNEREHIICE LD, ERANBTZE 1 EN0EIBICRH L, BED
CICEREBN. ERAE BR ERZEAL. BROBHEICIEIEETHODILE >T-FRD
BMEERLI, £1ETIE. BEMEREE TG OHEILEYO—DTHD 2-E/ TV 7)A—L
(2-monoacylglycerol; 2-MG) IZEE L. JE/LEADLMAEHE STC-1 5 LU GLUTag =AW\,
2-MG @ CCK - GLP-1 2l EME & Z DVEFAMEARIE L 7=, B 2E Tl B 1 ED invitro RER T
SEENBRBRINT 2-MG O, ¥V RICBITBERER (BHEIMGIER) 8L UOZ0/EAlEZ.
BHHEEZ M 2R/KNARRBETCHE, 77/ 7z vBBSL0 7/ Ly R
BRICEYREE L 7c, B 3BT, BmA /X7 EICL S DIT IZH TS BEFRILE V. KIZ GLP-
1 DB ZRAEL 7o, HIETIE. U EOERBER 2 TRENICE L O, BEHARL OO F-ARHARD
Y HMABPFMNER. AARRROFRAESBROREE R LT, REICIEERBIXHTIA -5

E LI EE L OFEOFMME ICBH S NcEmX e L L7,
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B1E
HILERSRMREIcET S
2-E/F7INT)EO0—L (2-MG) @
CCK. GLP-1 o
EEEFE S & U Z D EFRKERE D fZEA
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1. TR EEWN

FRCTEGRORER L ERTRAEDHEEHHOE THIEE LWL, 2 OREMBEICE LT,
Z DFERIE TG H'H095%. U Y IBEHNHI4.5% (5B 9B5%ULEAL > F) AL RTA—ILIX
TIHH05% ¢ ->TWD (Wang et al., 2013), 2D &L 5 1C. BEEMIEE T ICRERBEL,
55 TG TR SN 5 (Wang etal., 2013), 7— F7ia &0 RIED TG (£ F ICEIM AR
TERINTEY, TG @ sn-2 (LI IZESFRIRAFES 5 Z £ A%\ (Wangetal., 2013), —
B KEECERMEL & OBEYMEBRIED TG EF ICREMEE TR I N TE Y, sn-2 fi1IC
WX EIFAE R A TEIET 5 Z & A% Ly (Berry, 2009; Mattson and Volpenhein, 1961), Z 415 BEH
M TG ITHILERNTE Y N—ECH Y X~ IS L DMK BEZIT 7%, BILED TH 2 18R
Bif: & 2-MG & L TEIT/IBTHRINE NS (Mu, 2004; Singh et al., 2009),

REH 12 UL OBERZF ORI IE CCK i ZE <BET 4% (Feltrin et al. 2004).
2-MG 7' CCK DI RIFTHEIC DWW TIFBR L D TH WL, GLP-1 [3FEHEIER D » RIEFEITEL £
TIEIELREROEBRICLEL THORHMNEE I NS (Hirasawa et al. 2005; Nonaka et al.
2022; Christiansen et al. 2018), 2-MG T, /SIL I FVECH L A VBEA 7 U £ O —ILD sn-2 i
ICZZAFAEEE LI 2-750 2 (L7 ) £a—IL (2-palmitoyl glycerol; 2-PG)., 2-F LA A L7
U+ 0 —JL (2-oleoyl glycerol; 2-OG) ' GPR119 (G protein-coupled receptor 119) % 4> L T GLP-

DERET D ENR|ESN TS (Funatsu etal. 2025), GPR119 (3 & P EEMED | 8
> L B2 (Chu et al. 2008; Lauffer et al. 2009; Sykaras et al. 2012). ~ 7 XD ELERD
fHEak T4 % STC-1 %> GLUTag (Chu et al. 2008) (CFIE L TWL5 GPCRD—2>Th b, LHL
B D, D 2-MG A GPR119 Z /L T CCK. GLP-1 i & RET 2 A IERBETH 5,

EBRIINT 2 2-MG OIRZIRIE L 72T RED W OO FHET %, 2-0G DFRIRAIX
B2k, THZzFEHKT 2207y FOERENES L (Okuma et al. 2016). 2-MG D27
LT 0= ADEREMETZE/ T EA—LTUIIL NI VR T7 25 —€ 2 D
EEIIREIE. BEPREZERA YV ADEREZ B S E7- (Nelson et al. 2014; Okuma et

al. 2015), = nIZ, /NBT 2-MG Z BRI & 7Y £ R — LIRSS BT 2T/ 7
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LY tn—iLY =+ (monoacylglycerol lipase; MAGL) %~ 7 RICBEIFRIBEIHE L, EF
YRR TEENTTE I N/ (Chonetal. 2012), N b DFERIE, 2-MG HE/INFICEES
THIEERTEDHIS, CCK ¥ GLP-1 L EDBEMICEES 2HFOHEZ /N L T DIERAZ
RY5AEHEEZTRERL TV,

RETIE, ¥ 7 ZR/N5 EEBRAD UMM STC-1 B LU~ 7 R KM LR BEEAN D

fgtk GLUTag Z#A UL T, 2-MG ® CCK. GLP-1 mEMB L Z DD F A H =X L%ERIEL 72,
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1-2. EEREME L ERAE

1-2-1. EEHH

Dulbecco’s Modified Eagle Medium (DMEM) 3 & U\ fetal bovine serum (FBS) |4 Invitrogen
(Carlsbad, CA, USA) oA L 7z, 2-[4-(2-hydroxyethyl)-1-piperazinyllethanesulfonic acid
(HEPES) & fERSER (% Sigma Aldrich (St. Louis, MO, USA) A SBEA L7z, 2-MG, 2-7 5% K/

AN YEa—LIT—F)L (2-AG T—7 /L, 2-arachidonoyl glycerol ether; 2-AG ether). 1-7 %
* KN/ A0 a—I)L (1-arachidonoyl glycerol; 1-AG). # & U GPR120 BEEH] AH7614 (4.

Cayman Chemical (Ann Arbor, MI, USA) nHBEA L7, 7V t0—ILIEEFRILRTE (Tokyo,
Japan) "5 EEA L 7=, #IRAY Cannabinoid receptor 1 (CB1) BEEH| SR141716A |&. Tocris
Bioscience (Ellisville, MO, USA) H"HEA L7z, HICERLAWRY ., ZOMOAEIZITRTE

+ 7 AL LFYHEEE (Osaka, Japan) HSEEA L7z,

1-2-2. #FEE

<~ RN EREBEANDMIAEY STC-1 (Prof. Douglas Hanahan, The Hormone
Research Institute, University of California, San Francisco & Y #t5) 713~ 7 X KB LR B3Rk
W il fgkk GLUTag (Prof. Daniel J. Drucker, University of Toronto, Canada &£ V) fit5) % AL
7=o STC-1#fif3. GLUTag fli2iZ. 10% FBS. 100 IU/mL == > 100 yg/mL X L 7 b=
A > % Z5h0 L 7= DMEM (Invitrogen, #12100-038) (2T 37°C. 5% COIRE T T#% L. 80-90%

DAV IILI YV MIELIEBETRY 7S VALY AL 72,

1-2-3. cholecystokinin (CCK), glucagon-like peptide-1 (GLP-1) %'&t5%

STC-1 8 £ 712 GLUTag #f% 48 7 z LEEE T L — M1 7z L H 7)) 1.5x 10°1E
TIEREL., 80-90%n a7y MIETHFT2-3 HEEL -, Migx HEPES f8E& R T 2 [H

TEL, EBEREBELLE. 01 £/201302% T2/ —LAEET HEPES BER (£/ 72 ILY
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Ut R— LB L UEBBRARORUR) (T8 LWIRARE 7 2 )LISEML, 37°C. 5% CO2
BT 1 BRIA v F 2~_— b L7z, HEPES &% (pH7.4) O#EFKIE 140 mM NaCl. 4.5 mM
KCI. 20 mM HEPES. 1.2 mM CaCl,, 1.2 mM MgCl,. 10 mM D-Glucose TdH %5, 1 >~ F 1 X—
vavk, EFEE1S5mLFa—7ICERL, 800xg. 4°CT5EELDEEL. EREMIEERKRE
L7, EiEIFAIE £ T-30°CTRE L. LiE+ ® CCK EE % Cholecystokinin Octapeptide (CCK)

(26-33) (Human, Rat, Mouse) (Non-Sulfated) EIAKit (Phoenix Pharmaceuticals, Inc., #EK-069-
04). GLP-1;ZE % Multi Species GLP-1 Total ELISA, 96-well plate (Millipore, #EZGLP1T-36K)
ZFAWTAE L 7=,

Ca*ERMENBVF L —rEITHHTFL Y A—I-EXB-TI/ITFINL T—7T
JL)-NNN N--PUEERE U+ U 7 L3& (Ethylene glycol-bis(B-aminoethyl ether)-N,N,N’,N’--
tetraacetic acid tetrasodium salt; EGTA I8 ~ 1) 7 L, Sigma Aldrich, #E8145) % AU THifzsk
CarzfrE L7-m iR b EML 7o, BEHOLEICIE, Ca® %&£ d. 0.2 mM @ EGTA U7 b
U 7 L% & HEPES buffer (pH7.4) =AW 7, Z O# I 140 mM NaCl, 4.5 mM KCI. 20 mM

HEPES. 1.2 mM MgCl,. 10 mM D-Glucose. 0.2mMEGTA S + U 7 LTH 5,

1-2-4. HAIEEHEDIE

MAEGEMIE. EROLD ICHRARICHIREEZRE L& BEE2Z T HBOMRE
MR SNz ABERR/kEEEZE (lactate dehydrogenase; LDH) &4 ZBIET 5 Z & 1T & - TEF
fffiL 7=, LDH SEM I (2 1$ Cytotoxicity LDH Assay Kit-WST (FY—{L22F 2R, #374-91751) %
AW, HRRGEREIE. Fv MIEENIHRAHRAECUEL /LT ICRES /e LDH %

100% & LT, HEARICESE L7-% 0 LDH OENIKE (%) & L TEHL -,

1-2-5. _EEHR DI FE R B E DFE
FROLS 1A EIRARICEEL. EEE 15981, 1 BE%ECEN L, k&

F RS ELRE X NEFA-C ¥ v I (Wako, #279-75401) Z AW TARIE L 7=,
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1-2-6. RT-PCR
75 cm?2 DiEfSIEE 7 7 A 2 THEE L 72 STC-1. GLUTag flfig$ & UF BALB/cByJJcl ¥ 7
X (CLEAJapan) o#f## (+ =358, Zi5. Elf5. #8%) » . RNeasy Minikit (Qiagen, # 74106)
F 7213 FastGene™ RNA Premium Kit (Nippon genetics, # FG-81050) %A\ T, RNA &> 7L
Zi5T. AMRIIBERZHYESRDOEAREZETHY (FERES 119-0017). ¥ 7 R(FLE
BEARFPEREYEE - FRAAA R4V ICiE>THB SN, 1 uyg ® RNA 15 ReverTra Ace®
gPCR RT Master Mix with gDNA Remover (TOYOBO, #FSQ-301) % FiL»T cDNA % A& L 7=,
7747 —ERINB L UORIGES
~ 7 X CB1: Accession No.: NM001355020
Fwd: 5'-CCACCTTCCGTACCATCACC-3'
Rev: 5'-AACCAACGGGAGTTGTCTC-3'
RIGEH 1 95°C 2 90—95°C 30 #. 63.3°C 30 ¥, 72°C30 # x35 A 7 )L
< 77 X glyceraldehyde 3-phosphate dehydrogenase (GAPDH) : Accession No.: NM008084
Fwd: 5-TCACCACCATGGAGAAGGC-3'
Rev: GCTAAGCAGTTGTGGTGCA-3'
RISgH 1 95°C 293—95°C 30 #, 55°C 143, 68°C1 9 x40 ¥4 7L
PCRE®Z 1.5% 70— X7 LVEI KB T/HEEL. Midori Green Advance DNA strain

(NIPPON Genetics, #MG04) TR L 7=,

1-2-7. H5H8EHT

HRIIFHEZRTES 7 7 L 1Z%R2% (standard error of the mean; SEM) % <9 1EH
ML T —/N—TFKL 7=, HeHEMNT Z1E JMP Pro version 14.0.0 software (SAS Institute, Inc., Cary,
USA) AWz, HErFNICERLEIL. —TERED DT D% IC Tukey-Kramer's test = L T

RE L7, IEE (2-MG £7-13fEFER). BEEE. BLO0ZN o DREFROERLGFEIL. =T
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BB ZAWTIHE L 7ce §XTORITICENT,. p < 0.05 ZHETNICER E A4 LT,
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1-3. R

1-3-1. B4 D 2-MG D CCK, GLP-1 2T

¥ HIRCAFETE 4TEHED 2-MG (2-PG, 2-0G. 2-U /LA A LT U+tn—iL (2-
linoleoyl glycerol; 2-LG). 2-7 Z % K / 4 JL.%"1) & A — )L (2-arachidonoyl glycerol; 2-AG)) ® CCK
BELV GLP-1 DiEMEZE, 121 STC-1 M. GLUTag M2 (C CaHdi L 7, STC-1 #AIICH
WT, BWz2-MG D5 H, 2-AG 1£ 100 uM, 200 uM & Hi2a> A —JL (Vehicle) & & bR
L CEBHRCCKREENZNTN IFE. 8BEULEBRICEN 7= (Fig. 1-1A,B), 200uM T, 2-
AG |£ STC-1 fIf2ICH W T CCK D aRET 2 Z &I LNTWS a-U / L > (a-linolenic
acid; 18:3n—3) (Tanakaetal. 2008) & [E% D CCK % HFE L 7z, BRI N7/- LiE+ CCKBE
DIEAN, MBEUEEI N EINEFAND-HIC LDHREABE LHER, o b
O— LB E B L THEEICSW LDH M IER s hah 7 (Fig. 1-2), GLUTag #fEICH LT,
£7EFH GLP-12E X, 100 uM D 2-PG, 2-LG, 2-AG A*a > kB —JL (Vehicle) B¢ LEE L T%
NZNI 1.7 15, 2615, 2.7 BEBBEICSH >7= (Fig.1-3A),

KIS, TS0 2-MG =T 3 sEE (VLI F B (palmiticacid; 16:0). F L A >
% (oleic acid; 18:1n-9). U / —/LE (linoleic acid; 18:2n-6). 777 ¥ F > E& (arachidonic acid;
20:4n-6)) @ 100 YM T®D CCK # & U GLP-1 il EE%IREE L 7=, PEFEED S b, 7IF K>
Bligary bo— LB E R L TLEFEH CCK BED 3 BEULEBREIZEL. o-U /L YELY B
155 WEEER L (Fig.1-1C), EEFHR GLP-1EEIZ. U/ —ILBE, 77F KB, KYa
vELTERLELaY /LYBA O PO—LBEHRL T, TNENH1.61E. 1.5/ 2.21&
BEREICEL. 7T7¥ RrBIRbEL »72 (Fig. 1-3B),

2-AG ITEEIRTFHIIC CCK Db & L (Fig. 1-1D). 2> A —JL (Vehicle) Bf& Lt
BLTEBER CCKREOHEREM (06-101F) X, 50 MU ETHLNTz, —A, 77FF
YBRTIE BT CCKIEEDBERERIBMIE 100 uM L E TR I 7z (W 2.2 15, Fig. 1-1E), 2-AG

I¥ GLP-1 2345 W T H 50-200 uM TEEMEN R IEA%Z /R L 7= (Fig. 1-3C),
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Fig. 1-1. Secretion of CCK in response to various 2-MG and fatty acids. STC-1 cells cultured
in 48-well plates were exposed to (A) 100 uM, (B) 200 uM 2-MG, and 200 uM 18:3n-3, (C) various
fatty acids, various concentrations of (D) 2-AG, or (E) 20:4n-6 for 60 min at 37°C. Values are
expressed as the mean + SEM (n = 3). Values not sharing a common letter are significantly different
(p < 0.05, Tukey’s test). 2-PG, 2-palmitoyl glycerol; 2-OG, 2-oleoyl glycerol; 2-LG, 2-linoleoyl
glycerol; 2-AG, 2-arachidonoyl glycerol; 18:3n-3, a-linolenic acid; 16:0, palmitic acid; 18:1n-9, oleic

acid; 18:2n-6, linoleic acid; 20:4n-6, arachidonic acid.
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Fig. 1-2. Release of LDH in STC-1 cells exposed to various 2-MG and fatty acids. LDH activity
was measured in the supernatant of STC-1 cells exposed to (A) 100 uM, (B) 200 uyM 2-MG, and
200 uM 18:3n-3, (C) various fatty acids, various concentrations of (D) 2-AG, or (E) 20:4n-6. The
lysis reagent was used to release total intracellular LDH. The values represent LDH activity (%)
relative to the total LDH control (Lysis) and are expressed as the mean + SEM (n = 3). 2-PG, 2-
palmitoyl glycerol; 2-OG, 2-oleoyl glycerol; 2-LG, 2-linoleoyl glycerol; 2-AG, 2-arachidonoyl
glycerol; 18:3n-3, a-linolenic acid; 16:0, palmitic acid; 18:1n-9, oleic acid; 18:2n-6, linoleic acid;

20:4n-6: arachidonic acid.
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Fig. 1-3. Secretion of GLP-1 in response to various 2-MG and fatty acids. GLUTag cells
cultured in 48-well plates were exposed to (A) 100 uM 2-MG, (B) various fatty acids, or various
concentrations of (C) 2-AG for 60 min at 37°C. Values are expressed as the mean + SEM (n = 3).
Values not sharing a common letter are significantly different (p < 0.05, Tukey’s test). 2-PG, 2-
palmitoyl glycerol; 2-OG, 2-oleoyl glycerol; 2-LG, 2-linoleoyl glycerol; 2-AG, 2-arachidonoyl
glycerol; 16:0, palmitic acid; 18:1n-9, oleic acid; 18:2n-6, linoleic acid; 18:3n-3, a-linolenic acid;
20:4n-6: arachidonic acid.
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1-3-2. 2-arachidonoyl glycerol (2-AG) /C4£ 3 CCK, GLP-1 2 ICHE I} BEEZE

vzl

FERFERIC X > THE SN2 MKW Ca?BE D L F A, CCK EAMAIZICH TS CCK Dl
DEEL LD I ENR/EINTLS (Hira et al. 2004; McLaughlin et al. 1998), Z @ LR TIE
Ca?*F v XL &N L 7-Mfgsk Ca2*DERY AHC, MRS 7 F L&A L I-MifgA Ca2* BT/ iz
EZX L TH 5D Ca A H % (Némoz-Gaillard etal., 1998) , A#FZEICH LT, EGTAUF +
U LAVERIC & VMBS CaZt 2 RET D . 7T F K BRAKKIC 2-AG ICHWTH CCK s
BNRoNELL B o722 En b, Mgs Ca2DRAN 2-AG O CCK DMFEICEETHD Z &
PR X N7z (Fig.1-4A) o Z DR LDH I OB KR IZWT N OB TH A b N7 H - 7= (Fig. 1-4B)

MR RMIETH 5 NG108-15 #lf2 > N18TG2 #lf2 % AL\ 7247 R TIE (Sugiura
et al. 1996; Sugiura et al. 1997), 2-AG N ECH T—EMEDHMIEN Ca EED EF %5 Ek L
=BT AAG T IHF R/ ANLITFL Y= N-T5FR /At / — L EDRKESE
BARTIIHIEAN Ca2BEDEBIEHASNAN T &N b, 2-AG HEN AR RHMEE OEFEEIT
%I N7z, STC-1 RIS H T 21BE L FHEDEARZFAND 72DI2, 2-AG L EEHNRELIT D84 74
L&Y 2-AG DAY = B UWT (Fig. 1-5), T DIEA% 2-AG & LE& L 7, Fig. 1-6A IZ7R
T LIS, 100uM D 2-AG &£ 7 7 F RV ERIE STC-1 #iflgd LB CCKEEZ 2 nEFna> b A
—VEEE LB L TR 2315, 20 BFEEICEMI L/, 100 uM @ 2-AG ether, 1-AG. 7'+ 0O
—LIFEMEE RN 5T, BRRLIMAEMITVTNE LDH Mt %5| &z s hh -7 (Fig. 1-
6B

Fig. 1-7A, B IZ7R9 & 5 12, GLUTag #ifig i ICH1F 5 GLP-12E L. 100pM O T 7 ¥
N> B, 1-AG. 2-AG. 2-AG ether. 1,3-diarachidonin #°3> b B —JL (Vehicle) &£ & tbE L T,
ENTNIAT S, 26 E, 2715 151 1.5 BEEICEL. 1-AG & 2-AG lFFTHHLFER
FEDGLPA 9w aFHEE L1z, 2o OEBARNINIC L 5 LDH H DB KIEH 5 17 h - 7= (Fig.

1-7C),
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Fig. 1-4. Effect of extracellular Ca?* on 2-AG and 20:4n-6-induced CCK secretion. STC-1 cells
cultured in 48-well plates were exposed to 2-AG or 20:4n-6 (both 100 uM) in BSA-free HEPES
buffer containing 0.1% EtOH and 0 or 1.2 mM Ca?* for 60 min. (A) CCK concentrations and (B)
LDH activity in the supernatant were measured. The lysis reagent was used to release total
intracellular LDH and the values represent LDH activity (%) relative to the total LDH control (Lysis).
Values are expressed as the means + SEM (n = 3). Values not sharing a common letter are
significantly different (p < 0.05, Tukey’s test). 2-AG; 2-arachidonoyl glycerol, 20:4n-6; arachidonic

acid, EtOH; ethanol.
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A 2-arachidonoyl glycerol; 2-AG B  2-arachidonoyl! glycerol ether; 2-AG ether
i OH OH
DEeSal DEoSal
— J— OH JE— — OH

C 1-arachidonoyl glycerol; 1-AG D Glycerol

o]
— —_ O/Y\OH HO/\(\OH
OH
— — OH

E Arachidonic acid; 20:4n-6

F 1 ,3-diarachidonin

o

OH

Fig. 1-5. Chemical structures of 2-AG and similar compounds.
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Fig. 1-6. Effect of compounds structurally related to 2-AG on CCK secretory activity. STC-1
cells cultured in 48-well plates were exposed to 100 uM 2-AG, structurally related compounds (i.e.,
2-AG ether and 1-AG), glycerol, and 20:4n-6. (A) CCK concentrations and (B) LDH activity in the
supernatant were measured. The lysis reagent was used to release total intracellular LDH and the
values represent LDH activity (%) relative to the total LDH control (Lysis). Values are expressed as
the mean + SEM (n = 3). Values not sharing a common letter are significantly different (p < 0.05,
Tukey’s test). 2-AG, 2-arachidonoyl glycerol; 2-AG ether, 2-arachidonoyl glycerol ether; 1-AG, 1-

arachidonoyl glycerol; 20:4n-6; arachidonic acid.
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Fig. 1-7. Effect of compounds structurally related to 2-AG on GLP-1 secretory activity.
GLUTag cells cultured in 48-well plates were exposed to 100 uM 2-AG or structurally related
compounds. (A, B) GLP-1 concentrations and (C) LDH activity in the supernatant were measured.
The lysis reagent was used to release total intracellular LDH and the values represent LDH activity
(%) relative to the total LDH control (Lysis). Values are expressed as the mean + SEM (n = 3).
Values not sharing a common letter are significantly different (p < 0.05, Tukey’s test). 2-AG, 2-
arachidonoyl glycerol; 2-AG ether, 2-arachidonoyl glycerol ether; 1-AG, 1-arachidonoyl glycerol;

20:4n-6; arachidonic acid.
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1-3-3. STC-1 I E 11 3 2-AG 525D T 5 F F > BEEEE DIEAF

STC-1 MR TODMERBRFIZT 7 F F VA 2-AG Dol I Nzh E DI D ZAND -
Bz, EEDOBEBEASIEIEE & BIE L 72, Fig. 1-8A ITRY & 512, STC-1 #lifE L35 o wssths
AR 1L 2-AG B L U Vehicle BE T ER LD 572, 100uyM D7 7 ¥ F VB MR ICHdT 2 &
BEEERE AT ER R IS RRAYICIET L. 1 BSRE#ICIZ 60 M £ TIETF L7z, STC-1 2D IEFEET T
&, Tz IVISHRML72100 M 7 7 F R U BEEOARF OBEBEFRRE IJET Lar 72

s (Fig.1-8B). HEBED T 7% FVBA A v F a2 X—> 3 »AhICHIRZICEY) A E /-2 & AR

®Ehiz,
A B
100 120 -
1 ~ 100 4
= 80 s ‘\l\l/l_l
= - 80 A
§ 60 - —o—Vehicle S 0 —o—Vehicle (w/o cells)
o 1
£ 40 - -=-2AG s —0—2-AG (w/o cells)
v , o 40 -
3 —2—20:4n-6 o ——20:4n-6 (w/o cells)
L 20 A 20 -
0 . T : T i 0 [—l 1 T T 1
0 15 30 45 60 0 15 30 45 60
Time (min) Time (min)

Fig. 1-8. Changes in free fatty acid concentrations in the supernatant during the secretion
study in STC-1 cells. 2-AG (100 uM) or 20:4n-6 (100 uM) in BSA-free HEPES buffer containing
0.1% ethanol exposed to 48-well plates (A) with STC-1 cells cultured or (B) without cells. The
supernatants were collected every 15 min until 60 min. The concentration of free fatty acid in the
supernatants was measured. Values are expressed as the mean + SEM (n = 3). 2-AG, 2-

arachidonoyl glycerol; 20:4n-6, arachidonic acid.

37



1-3-4. cannabinoid receptor 1 (CB1) D%

2-AG IFRRAEH Y FE/ A FELTHoNTEY, AvFE/ A FZEMK CB1 &
cannabinoid receptor 2 (CB2) oA I T 2HNEAMEY H> FTH 5 (Ueda et al. 2011;
Gendaszewska-Darmach etal. 2019), F7-. CB1 I~ 7 X+ 155 CCK EEMBTRIBL TL
% (Argueta et al. 2019; Sykaras et al. 2012), PCR &(Z & V), STC-1 #f2 ¥ £ U BALB/cByJJcl
T RGREBICE LT, CB1ICDWTFREEIMNS DNA Y14 X (182 bp) DE—/N> FaigH L
7= (Fig. 1-9A),

RIZ. CB1 FEIRAYPAE L SR141716A DTFFE T T CCK bt & 1 L 72, SR141716A
10nM H LU 30nM TRIE L7z & Z 5. 2-AG IZ & % CCK 9 baEE 34 L 725" (Fig. 1-9B).
TI7ERVERICL D CCK oW E I E%s = Fan >7- (Fig. 1-9C), WTNDMEBIZHEWTH
MmpEEEIEAS>NR -7 (Fig. 1-9D, E),

GLUTag fif2ic 5L TH CB1 o> FAYgH & 17z (Fig. 1-10A)., 2-AG IZ £ % GLP-
1 58 lx SR141716A BB DEE % 21 1 - 72 (Fig. 1-10B), SR141716A ML (C L % iz

BEMIEASNE N -7 (Fig. 1-10C),
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Fig. 1-9. Expression of CB1 in STC-1 cells and mouse intestine, and effects of CB1
antagonist on CCK secretion induced by 2-AG and 20:4n-6. (A) Total RNA was extracted from
STC-1 cells and BALB/cByJJcl mouse intestine (duodenum, jejunum, ileum, and colon) and then
subjected to RT-PCR with specific CB1 or GAPDH primers. PCR products were separated in
agarose gel and visualized by Midori Green Advance DNA stain. STC-1 cells cultured in 48-well
plates were exposed to (B) 2-AG (100 uM) or (C) 20:4n-6 (100 uM) in the presence of a CB1
antagonist (SR141716A) for 60 min at 37°C. CCK concentrations were measured in the
supernatant. Values are expressed as the mean + SEM (n = 3). Values not sharing a common letter
are significantly different (p < 0.05, Tukey’s test). P values of two-way ANOVA for lipid (2-AG or
20:4n-6), antagonist (SR141716A), and their interactions are shown in the panels. (D, E) LDH
activities were measured. The lysis reagent was used to release total intracellular LDH. The values
represent LDH activity (%) relative to the total LDH control (Lysis) and are expressed as the mean
+ SEM (n = 3). 2-AG, 2-arachidonoyl glycerol; 20:4n-6, arachidonic acid; EtOH, ethanol; DMSO,

dimethyl sulfoxide.
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Fig. 1-10. Expression of CB1 in GLUTag cells and effects of CB1 antagonist on GLP-1
secretion induced by 2-AG. (A) Total RNA was extracted from GLUTag cells and then subjected
to RT-PCR with specific CB1 or GAPDH primers. PCR products were separated in agarose gel and
visualized by Midori Green Advance DNA stain. GLUTag cells cultured in 48-well plates were
exposed to 2-AG (100 pM) in the presence of a CB1 antagonist (SR141716A, 30 nM) for 60 min at
37°C. (B) GLP-1 concentrations were measured in the supernatant. Values are expressed as the
mean + SEM (n = 3). Values not sharing a common letter are significantly different (p < 0.05,
Tukey’s test). (C) LDH activities were measured. The lysis reagent was used to release total
intracellular LDH. The values represent LDH activity (%) relative to the total LDH control (Lysis)

and are expressed as the mean + SEM (n = 3). 2-AG, 2-arachidonoyl glycerol; EtOH, ethanol.
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1-3-5. RHEEREZ Z 14 G protein-coupled receptor 120 (GPR120) DA%

2-AG O CCK 7 uMBEMERIC CB1 ARDES I RRINIA, T I7F FVEBARE
PR B GPR120 (CEAT 2 2 &AWMEINT LS 7 (Mobraten et al. 2013; Villegas-
Comonfort et al. 2017), 2-AG @ CCK 3 MEEERICE S T 2 BENGRAZE AL L T,
GPR120 (Tanaka et al. 2008; Ulven and Christiansen 2015) ®f5 % #&5F L 7z, GPR120 7> X
J=XMTHBH AHT614 TUIET % &, GPR120 /ML T CCK DM ZERET 5 Z &AM LN T
W% a-Y /LB (Tanaka et al. 2008) T#HE I N7: CCK DFHEIFZEICHFI s 2-
AG THEINTz CCK MRIHET LN -7z (Fig. 1-11A), 77 F N BIC L % CCK HbiFE
T, ZOMIBIC L - TEHORICINGI N7z (Fig. 1-11B), AH7614 AR (C L 2 S EMIE A S

nah -7 (Fig. 1-11C, D),
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Fig. 1-11. Effects of GPR120 antagonist on CCK secretion induced by 2-AG and 20:4n-6.
STC-1 cells cultured in 48-well plates were exposed to (A) 2-AG (100 uM) or (B) 20:4n-6 (100 uM)
in the presence of a GPR120 antagonist (AH7614) for 60 min at 37°C. Values are expressed as
the mean + SEM (n = 3). Values not sharing a common letter are significantly different (p < 0.05,
Tukey’s test). P values of two-way ANOVA for lipids (18:3n-3 and 2-AG, or 20:4n-6), antagonist
(AH7614), and their interactions are shown in the panels. (C, D) LDH activities were measured.
The lysis reagent was used to release total intracellular LDH. The values represent LDH activity
(%) relative to the total LDH control (Lysis) and are expressed as the mean + SEM (n = 3).18:3n-
3, a-linolenic acid; 2-AG, 2-arachidonoyl glycerol; 20:4n-6, arachidonic acid; EtOH, ethanol; DMSO,

dimethyl sulfoxide.
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1-4. R

FERAER |3 ik RERIKTFRIIC CCK b %558 3 5% (Feltrin et al. 2004; Hirasawa et al.
2005; McLaughlin et al. 1999; McLaughlin et al. 1998; Sidhu et al. 2000). 2-MG ' CCK 2/ 12 &
FIREBIEALHICINTOED 27, 720 2-MG D GLP-1 5 ICRIFTRHEICET 2R
RENTH 5, RETIE, ¥ 7 RN ERERAD DK STC1 B LU~ 7 AKG ERBEEXRRA
SRR GLUTag Z# UL T, 2-MG »' CCK X° GLP-1 D& FET 5 h EI D ERIEL 1= &
DIER, 77 F FVBERIEEE 2-MG TH % 2-AG A, CCK XU GLP-1 0958 < {2 L
CCKMEAYFTE/ A FZBRAECB1 2N L TREIND Z ARSI NI,
9. RSN TS 4TEEHD 2-MG (2-PG. 2-0G. 2-LG. 2-AG) ® CCK ¥ £ U GLP-
PUEMERIEL Tz, TD 5B, 2-PG, 2-0G, 2-LG, #FIZ 2-0OG [F GPRM9 7 I =X h &
L TN TLAS (Hansenetal. 2012), 2-OG |, & b, 8%, LU~ 7 A BLERD LA
B GLUTag ([cEWWT, GPRM9 ZNLTA VI LFViRKILEYTHD GLP-1 LU GIP D3
% #5389 5 (Hansen et al. 2011; Hansen et al. 2012; Okuma et al. 2016; Hassing et al. 2016),
GPRMIDEIGZFAND IZIEF R BRFTHUETH S H. GLUTag il % B WA RICE VT,
2-PG > 2-LG |¥ GLP-1 b & & L 7= (Fig. 1-3A), GPR119 %R |x, GLUTag flifiz & V) & %
BIZEVNHEDD STC1 Mg THEREIN TS Z &AL (Chu et al. 2008). T H D 2-MG A
GPR119 %/ L T CCK Db Z1RtEd B algelEn'd o7z, LA LAA B, 2-0G, 2-PG B LU 2-
LG |&. STC-1 #HBZICH LT CCK Dbz 1REE . HBRICH L 72 2-MG OH T CCK D% FiE
L7=Dif. 50 pM L ED 2-AG 7213 TH > 7= (Fig. 1-1A, B, D; Fig. 1-3), 77 % K% CCK %
WEFELTA, ZOEEIZ100 (MU ETH 72 & h 5, 2-AG O CCK iEMIZT7 7§ K
YL BBATH DI DRI NI,
Fig. 1-5 IZ/R L 72 2-AG ICEEA BT 2161 2-AG T—TIL 1-AG, 7' £ A —IL)
& D CCK MiEMEDLEE D S (Fig. 1-6). 2-AG DT AT ILIEE S, 77 U0 —ILdD sn-1
FITIE%E K sn2 fINDFEED . 2-AG IZ L% CCK N MZEEBICMATH S Z ENHLNICE ST,

—H T, 2-AG 721 T4 <, 1-AG %> 2-AG = —F /L, 1,3-diarachidonin ¥ GLP-1 7% &F& | /-
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Zenn (Fig. 1-7). 2-AG 124 % CCK & GLP-1 D8 (2-AG OBAIEMS) FRAZ &
G (W
ZE FVBRYH CCKpwaEZFEL-Z &5 (Fig.1-1C). 2-AG FE M CCK A" 2-
AGH LIlEREL7=7 7F FVBRICK DD TH B AIEEMNFE X b Tz, 2-AG IE. MAGL 7 £ DN
KD REEFRICE > THERE 15 (Dinh et al. 2002b; Dinh et al. 2002a), MAGL i & 5 E 7 125
BLTHY, MgE s MizEomA ci#EE L TUL 35 (Blankman et al. 2007), STC-1 fiflg L&+ D
TR ESEE 13 2-AG RERICEF LA h »7 (Fig.1-8A), T D Z &ld. 2-AG ' STC-1 #liz
OfRENARKE TIFE A EMKDBEINBENZ EZRELTWE, — A, 2-AG r LilERiL 7= 7 7 F
FUBRIZT CICHBNICERY AEN72S, EFEFOT 7% FUBRERETELD > -/l ggED
H%, Fig. 1-8A ITRT & 512, EFICHIML 7R T 7 % F B 100 uM (£ 60 DR DIFEF(C
LIS L, 60 90 HEPIEBEEEEE X 60 yM &> 7z, TN HDFERIE, STC-1 i
fahY 60 3 LAMICHT 40 pM DR ICHES T 2MREN T 7 F FVBEZERVAALADBELIZZ &%
TR LTW3, Fig. 1-1EISRT LSS, 50 M DT T F R VBRI CCK & 8T 5 1C1E+4
Tl h -7, HLE0OUMBEHULD T 7 F KU BEADMHAERFTIC 2-AG o ilEst L 7-DTHN
X, EEROEBREBROEMEZRETE 5139 THDH, I HIT, KITHIRTIE 30 M UTD
7 7% FUBETIIEEA CarREICHoABRE T AN >T-EHREINTLS (Sugiura et al.
1996), 2N o DFERIL. 2-AG FEM CCK ML 2-AG ol L 7= 7 2 F F VBRICE 52 HDT
IR WAT R T RE T B,
RT-PCR (C & V. STC-1 42 (Fig. 1-9A). GLUTag #2 (Fig. 1-10A) B LU~V 25
HEfICEH T2 CB1 mRNA OFIBAFEZ I N7, CB1 |X. 2-AG *> N-arachidonoylethanolamine
(AEA) REDTY FhYFE/ A FICHT 2/HBHNSAETHS (Ueda et al. 2011; Pacher et
al. 2006), 2-AG FEE CCK 2bld CB1 7> X T =R M & » THRMICHIGI S NA—FH T
GPR120 7> 2 I =X b Tlgid| e h -7z (Fig. 1-9B, 1-11A), o DfERIE. CCK E4E
EILBERMRMERICEWNT, CCK 20T % 2-AG > —& LT CB1 el TLWbZ &%
R DL EHIT, 2-AG FEM CCK ML 2-AG h OBt L= 7 ¥ RV BICL 20Tk

WEWIERZXHFT 5, WIS, 77 F F U EFHEM CCK 2iblE GPR120 7 24 3 =X b
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IZ&>THE=ELED (Fig. 1-11B). CB1 72 TR M k> THELA A 7= (Fig. 1-11A),
INoDFERIZ, 2-AG BAEILCB1 ICIFAT 52 LICX > T CCK DM eFEET 5, 2-AGH b
BHENT 7F FVBRIE CB1 2/ LT CCK b esF B LAl e eRL TW5, 2-AG T—
TR 1-AG H CB1 I T 27T ML THILNTWLWAA, CCK nMZEFEELLA 72D
3. BZ o CB1IZNT 273X & LTOERAD 2-AG £ U H 10-100 EFFELA L EEZ B
7% (Sugiura et al. 1997; Sugiura et al. 1996; Sugiura et al. 1999; Hanus$ et al. 2001),

S BB DIRAE T, 2-AG IC& % CCK. GLP-1 D FEHEBNEL D Z LA TR
N7=H, ZORBEMEIZCB1 7Yy X T=X MLEBIZK Y, 2-AG @ GLP-1 2 EENB=E LA h -
T=EEA LB TIFENS (Fig. 1-10), 2-0OG £ GPR119 %4 L T (Hansen etal. 2011; Hansen et
al. 2012; Hassing et al. 2016), *7-. 2-PG | GPR119 > GPR40 % /1" L T GLP-1 D= &4
% (Funatsuetal. 2025) & WO BRENH 5, GPR120 5L T N o DREIED 2-AG (2L 5 GLP-

PHBFEICEETENEINZHONICT HIIESEI LR IRIAENVETH S,

CB1 OJEM LIZ, BAUEE., Tx/LX—(EEMH. SBEROFIEICES L TWs ERE
INTW5 (Izzo et al. 1999; Krowicki et al. 1999; Landi et al. 2002; Marzo et al. 2008; Pertwee
2001; Argueta and DiPatrizio 2017; DiPatrizio et al. 2011), JCiTHAR TlE, ¥V XIZHBWVW T, I—

VIRROKRSGICK 2 CCK DMt & . ZAITH D HIEREGEED CB1 7 I =X MR (I L U D)
INTZENEIEINTWLS (Argueta et al. 2019), Z 1o DFERIE. 1T & A EH WIN 55,212-2
P CP 55940 4 EDEB T I=X AV LHRICL > TBEoNTWS, — AT, RERRE
KD 2-AG A | HIRBREICHIRY 2 CB1 ICEAAL CCCK DM EFET 20 &5 MIRA L L TR
BATHD, AR TIE, 2-AG &7 7F RV BOMAN CCK M a@AIlBEL-Z &h b, 7
ZHF RN VBREEEICED TG L, invivo TCCK DM ZRET 2 Z L ICL V., HERFECEHH
WEla EDEBIEFRZMRNICKRIES 284D H 5,

¥R VEANBEICEENDDIE. FBA. B, A AL EOHYERRTH S (L
et al. 1998; Taber et al. 1998; Komprda et al. 2005; Abedi and Sahari 2014; Kawashima 2019;
Tallima and EIRidi 2018), BEERFZD 7 7 F FrBE=EUEY VB, KmRAKUN—E C &%
niIcE< 7o) tn—LyR—tofERICL Y. REMD 2-AG E£RICFIFA SN 5 AlaeE
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hd % (Ueda et al. 2011), = oIZ, ARBCINEEZENT 5 &, HIELERNTHERIRY /-4 A1
PMER L. ZNICHEWTHIENTHER 7 7 R—E £ 723 R XK Y NX—E CHMERTEH I L ICL V.
2-AG DMER I LB RIEEMEN S B (Aoki et al. 2007; Ueda et al. 1993; Nakane et al. 2002), Z 1.5
DRTEEM A IREE L, BERARE Rk £ 72 13RI 2-AG A%, CCK *° GLP-1 5 D FE % A L THIE
EREZFET BN ESIH. £/, invivo IZB 1T 2 EILERD R OREBREAICH TS CB1 OFF
5% RIAT H7-0I121F, S ORIRANDETH S,

REOHERREFEDHD L, LD 2-MG %1RFTT 52 &ICL Y. 2-AG A~ 7 X/N\i5
FRBERAS LA STC-1 ICHEWT CCK DM aBAICRET 52 &, Y7 RAAB ERBEXNA
2Rk GLUTag ICHWT GLP-1 Db zF8d 5 2 2R L7c, £72. 77F P B 1-
AG. 2-AG T—T L EEDHBICLY | BEEERBEZHELNIC LI, THIT, CB1 1A' 2-AG
I2& 2 CCKOMBEABENTEIEEZWOMNC L, INSOFERIL, HILERMARZICE S
3L 2-MG BAMEEEZ A S L. BEEREBEHEKD 2-AG X 7= (FWEE 2-AG ' CCK 7 idb%&

ML TEBERZEI SR IAREEZ TR L TW5,
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F28
<) RlZFH 1T % 2-arachidonoyl glycerol (2-AG)
DOBHEHINFERE L U2 D EAEEOIRE
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21, EREEM

B oOREYOEEH. T4ahbbBHHIERE. ZICHETOREBRDEL - RINUEE
ERIEFT, NMNEICHBIEE. 27 E BEBLUZN L DEILEY G EDERRNRERIE
HILBEADMRPHEREN L-BHHOMGICEETH S (Hellstrom et al., 2006; Luttikhold et
al., 2013) . BHFHDEEIIRERDNENLEICHT ST 5, 207D, BHFHREIEEOM
EES L OIS ERHICEE ICF2Z L (Muramatsu et al., 2014; Phillips et al., 2015; Westphal et al.,
2004). SEFHOMEIIERSIE. BESENECENZ LT,

NBIZHEWTREEERRD TG 3IEHERE & U 2-MG ICIIK D S 1.5 ,2-0G 7' GLP-
1 MEEEN L CBHEEAZIHIT 2 2 &R EINTWLWSEH DD (Hansen et al., 2012, 2011;
Lauffer et al., 2009). B5fAES & (ZXFEBA9IC (Hunt and Knox, 1968; McLaughlin et al., 1999b).
HEH IS 9% 2-MG DR & 7l L 7R IE D L,

WS > F £/ 4 F (Di Marzo and Matias, 2005; Gendaszewska-Darmach et al., 2019;
Uedaetal.,2011) O—D2T#H% AEA (F. ICHRMEEBD CB1 2N L TEEPIXILF—8F MK
AIAET %5, FATHIFE (Marzoetal., 2008) (ICHEWT, AEA #BIERIKRETH 2 LTIV RDE
BHAMSI SN, ZOBHHIGIERIZ CB1 7> 24 T=X b DORIERNZRE TRERS Nz, Thb
DiERIZ. CB1 OEMAABHHEAZMST 22 L2 RE L TLWBH. ZTOEAEMICHELERIL

A& DEEIITEATH B,

RIEICBNT, 22MG O—BTHRERMEA Y FE/ A FD—D2TH% 2-AG »'. STC-1 #f
fEICHWT, CB1 2N L T CCK e NIIEET 5 Z & 2L AIC L7, CCK IZLEE/NBIC
BET 2 HLLEA R THS | il oEEINDEHILERILEL T (Dockray, 2012;
Rehfeld, 2000). % OEBERAD—2ICBHHOWEIAH SN T2 (Liddle et al., 1986), 5
IC.CB1 I~V X+ 1B D CCK EAMICHEIRL TWLWb Z eABEINTUL S (Arguetaetal.,
2019; Sykaras et al., 2012), Z Z T, [2-AG " EILBERNDLERBICFKIRT 5 CB1 Z /&ML L.
CCK b elettd 2 Z & TR ZIH 2] &REZEIL T,

RETIH. Y7 RICHTZ 2-AG OBHHIFIER S L U 0FREELZ, BHHEE
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AT 2REXNAHABRTHH2T7 b7/ 72 VvEABRB LT 2/ — by FERBRIC K Y &RET

L7,
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2-2. EERMEl & EERAE

2-2-1. EREYE L VREE

M C57BL/6 ¥ 7 X (6 BiE) % HA SLC (Hamamatsu, Japan) nSEEA L. BAHA
08:00-20:00, EFE22+2°C, [BE 55+ 5%ICEEINABETENICAT L. BHER - BH
BUKOEZHET CRBEZITVL. kKLY 49.9%. X /X0 E 24.8%. FEkh 4.6%% & EEBAHAK
(CE-2, CLEC Japan Inc., Tokyo) %5 2 7=, B3 1 BREU EDFIML A% ICER L. SBEH
IC—pieR I E /e, ZORRIIEIRFEANBEXRFZDOEERBYER - FAEZERTEARIN
THY (KRES 119-0064), 2 COBYERIZIBFERFEMERICEST 2HA4 F 74 I

> TEREL 7,

2-2-2. FAE

S¥RVEEE 7+ b7 2/ 7 x4 Sigma-Aldrich (St. Louis, MO, USA) nSEEA L
7=» 2-AG (% Cayman Chemical (Ann Arbor, MI, USA) H» 588 L7z, CCK-A RBEREHRITH
% devazepide (Dvz) & ML Laboratories (Liverpool, UK) /5 %88 & 41, 3EIRAY CB1 EHEH|T
% % SR141716A X Tocris Bioscience (Ellisville, MO, USA) i 58 A L7z, HFICER LG WR Y .

ZDMOHEIZITRTEL 7 AL LFAHE (Osaka, Japan) 7 HEEA L 7=,

2-2-3. 7t FTI/ 7 EHE B EE DG
WIRYE X, 1.5% wiv D HILRF > X F )L+ )L A — X (carboxymethyl cellulose; CMC).
1% W D72 7/ 72> 2%D EtOH 28 CHEBRIEKICRE LT, 7T/ 72>
(100 mg/kg BW) &, BHEHEE#HET 2720 0RINME~Y—H—& L THWL S N7 (Heading
etal. 1973; Maida et al. 2008), #1&/AK & 7-1% Vehicle % 10 mL/kg BW O£ T~ 7 X ITHRO#
5 L7, 8581 (09) BLUHES 15, 30, 60, 120 54 (CEEARM # AR L 7z, Mmi&kY > 7L

FELICA/NY > (BFEE 50 IU/mL ; Nacalai Tesque, Kyoto, Japan) &3E& L. Kip L7z, M
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Yy 7% 2300 x g, 10 DfE. 4°CTRONBEL THBEL. B (#E) ZH47E T-80°CT

A

®EL, MBFFOTEL T I/ 72 VRERAEICIE, 7T/ 7z v@EF v b (Kanto
Chemical CO., Inc., Tokyo, Japan) % L 7=,

Dvz Z ML /-8 Tld. Dvz I£ 10% TWEENSO, 10% DMSO % & & A BB IEKICEE
L 7= Dvz (0.5 mg/kg BW) &HEKI&AR Z 7= Vehicle # 5 mL/kg BW DS TEZERKRES L
T=o ZD 15 9 EERD 2-AG (25 mg/kg BW) &FE#IRARK £ 7=1% Vehicle = 10 mL/kg BW D
AETRA®KS LT,

F 7. SR141716A # R OKE5 ¥ 2 AR TIE. HIRME L. 1.5% wiv D CMC, 1% wiv D
T b7/ 7z, 10% TWEEN8O. 10% DMSO. 2%® EtOH % & LA BIEKICERE L 7=,
Vehicle, 2-AG (25 mg/kg BW) &HE##i&A7®&. SR141716A (10 mg/kg BW) &EEIRAR E 7=
IZ. 2-AG (25 mg/kg BW) ¥ &1 SR141716A (10 mg/kg BW) &F#EA K% 10 mL/kg BW O
AE TRA®KS L7,

SR141716A ZEFE NI 59 2 ER TlE. BEREANKR S A ORI E L. 10% TWEENSO.
10% DMSO % & LA BRIEKICEE L7z, ROKSHOEBRYE L. 1.5% wiv @ CMC. 1% wiv
DTE LTI/ 71, 2%0 EOH & AEBEIEKICHE L 7=, SR141716A (0.5 mg/kg BW)
EIRIAR £ 7214 Vehicle & 5mL/kgBW OFE TRIENE S L. Zd 15 DI 2-AG (25 mg/kg
BW) &HEI&ARE 7214 Vehicle % 10 mL/kg BW ODBE TROXK S L 7,

5, BlomETlR, BHHICHT 2 2-AG OROKS & ERRZHSOSE% LKL
Too YR Ov bA—LEE 2-AGROKEGE. 2-AG EFEAKRGEICHT -, 2> bA—LY
JRICIE, T T2/ 7 AR (100 mglkg BW) % 10 mL/kg BW OFE TROKES LB
#12.1.5% CMC & 2% EtOH # &8O BE A ERIEK%Z 10 mL/kg BW DFHE CTREANES L 7=,
2-AG BOBEEICIZ, 7 b7/ 72V BRICEE LTz 2-AG (25 mglkg BW) % 10 mL/kg
BWOAETROKES L7-ERIC. BEEEREKZ 10mL/kgBW OBE CTCEENEZS L1, &
BT, 2-AGIERENBEEEICIE, 7 M7 2/ 7 2 VIBAROKEERIC, 1.5% CMC 5L 002%
EtOH Zz & T B £ BIR/KICERE L 72 2-AG (25 mg/kg BW) % 10 mL/kg BW O BE TERERN
w5 L1z, BEIREOEZTV., MEho7w b7/ 72 VBE® EZERBISHE L7,
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2-2-4. RT-PCR
~ 7 ZADGHE (=385, 285, Elf5) 5. Fast Gene™ RNA Premium Kit (NIPPON
Genetics, Tokyo, Japan) ZFUL T, RNA ¥ > 7L %157, 1 uyg ® RNA A5 Rever Tra Ace®
gPCR RT Master Mix with gDNA Remover (TOKYOBO, Osaka, Japan) % F§L T cDNA % A& L
7o
774 < BB L RISEN
< 7 X CB1: Accession No.: NM001355020
Fwd: 5'-CCACCTTCCGTACCATCACC-3'
Rev: 5'-AACCAACGGGAGTTGTCTC-3'
KBS 1 95°C 249—95°C 30 #, 63.3°C 30 #, 72°C30 ¥ x35 1 7L
GAPDH: Accession No.: NM008084
Fwd: 5'-TCACCACCATGGAGAAGGC-3'
Rev: GCTAAGCAGTTGTGGTGCA-3'
RISEMH 1 95°C 29 —95°C 30 ¥, 55°C 1. 68°C1 x40 ¥4 7L
PCRE®%Z 1.5% 70— X7 LVEI KB T/HEE L. Midori Green Advance DNA strain

(NIPPON Genetics, #MG04) TR L 7=,

2-2-5. Zx/—NLy FEHEEHEEDFFE

2-AG (25 mg/kg BW) Z7-1% Vehicle (EEEBIEKFD 1.5%wWivCMC LUV 2% T X /
—JL) XU XIZ10mUkgBW ORETROKS Lz, BERICIE, SHHEREZFFMT 2720
7t 7/ 7 2y (100mglkgBW) & FERINMEY—h—ELT7x/ —L v F (5mgkg
BW) %7h0L 7= (Feldman and Gibaldi 1968; Nishimukai et al. 2003), EFO&RSH 5 10-12 H&
ICRY MANLER—LF P YT LT RIBEAKS (50 mglkg BW) L. MBET TROKS

15 9 ICPIARIM A IREX L 7= RIMBD > > 2ICid, BRI ANY > (BEE 50 IU/mL)., 77
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AF =Y (FEE 500KIU/ML), LU DPP-4 HEH] (FEE 50 uM, Millipore, MA, USA) %%
L 7-o MBISEIR DG ETHE - (REF L7, PIRMBREALBE®RESIC, ¥ 7 X Z2 RIS B 7,
BEEMG &+ ZBBEMEOmAE 7 7 7 Lk, BxEH L1z, BRRYZ AEERIEK
T2EEEEL., KHERZEREINL 7z, 8400 x g, 10 nfE. 4°CTEmLONBEL, FHEZBRELT, £
&IZ1 N NaOH # iz 7z (EED110E). 7=/ —)LL v FOEEZ% 560 nm THNAEET
ICEWRIE L7z, BHHEEIUTOL S ICFHELE

SHHE (%) = [{(BEL7z/—LLy FDE (mg) —BllEk-77x/—LLy

Fo& (mg)} / %&5L7&-7x/—LLy FDE (mg)] x100

2-2-6. v XFiffmiE+ CCK, GLP-1;R/ZE

FWRTEREL -FIRMEE R » CCK. Total GLP-1 JEE % Z 1 Z #1 Cholecystokinin
Octapeptide (CCK) (26-33) (Human, Rat, Mouse) (Non-Sulfated) EIA Kit (Phoenix
Pharmaceuticals, Inc., #EK-069-04). Multi Species GLP-1 Total ELISA, 96-well plate (Millipore,

#EZGLP1T-36K) Z AW THIE L 7=,

2-2-7. H5THEHT

ERITFEHEEZRIES 7 7F/-ld~v—HhH—& SEM 2RI IEAADIT T —/NN—TkKL
7=o #iEHEEMTIZ JMP Pro version 14.0.0 software (SAS Institute, Inc., Cary, NC, USA) =B\ T{T
o7z, BENDBEEEIT. 2B DOLEICIL Student's-ttest = U, EEELD LB 12 Dunnett’s post

hoctest # AWz, TRTORBITICEWLT, p < 0.05 ZFHERICER L AR LT,
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2-3. &R

2-3-1. 2-AG D EHEHHVEIERH

¥9.2-AG X723 7 7 F FUVBOROKEMEEY 7V RO BEHICKIZTTHE L, TN
M~—H—THBT7EL T/ 720 EAVTHKRET L (Fig. 2-1), IXRTOEICBEWT, B
R 7L b7/ 72 VEEREBRAROKRSERICER L, 15 2 X721 30 2 LEIC
ICIET L7z 3> FA—J (Vehicle) B & tbBRL T, 2-AGROBESH B LOT 7 ¥ F U EROK
53 15 D& O R ERmF D 7 72/ 7V EENEEICED > 7= (Vehicle, 487.4 +38.1 uM;

2-AG, 377.8 +12.8 yM; 7 7 ¥ F >, 332.9 + 32.9 uM),

600 -

—O—Vehicle
500 A —8—25 mg/kg 2-AG
=) 125 mg/kg 20:4n-6
= 400 - gxe
oy
2
Q.
2 300 -
E
B
8 200 -
<
<]
100 A
0 T T T s
0 30 60 90 120

Time (min)

Fig. 2-1. Effects of oral administration of 2-AG or 20:4n-6 on gastric emptying. 2-AG or 20:4n-
6 (25 mg/kg) was orally administered to fasted mice along with acetaminophen. Blood samples
were collected from the tail vein for up to 120 min, and plasma acetaminophen concentrations were
measured. Values are expressed as changes from the basal (0 min) concentration of plasma
acetaminophen (AAcetaminophen) and as the mean + SEM (n = 6). Plots with asterisks (*) show
significant differences compared with the control group at the same time point (*p < 0.05 and **p <

0.01, Dunnett’s test). 2-AG, 2-arachidonoyl glycerol; 20:4n-6, arachidonic acid.
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2-3-2. 2-AG DEFICEHE 1B CCK > 2 F L DEIE

RIZ, CCK-A ZRAET 2 TR bTHSH Dvz ZAEWT, BO 2-AG OERICHEIT S

CCK-A AR DEIS %15t L 7z, Control / Vehicle B (15 %1%, 574.5 + 30.7 uM; 30 £14, 489.9
+23.0 uM) &EHEBL T, 2-AG OHEREIRAO®KS L. 15 5% (428.0 £ 36.2 uM) B LU 30 H#4
(386.9+£30.7uM) DT+ T I/ 7z Vv BEEZBRIETIE7 (Fig.2-2A), — AT, Dvz %
RIS L7-12(1C 2-AG # RO S LB 3. 7 b7 2/ 7 = ViRESD Vehicle DROA%K 55

LHBLTEBRESHONEN 57 (Fig. 2-2B),

A B
700 - 700 -
—O—Contral / Vehicle —{3Control / Dvz i.p.
600 A 600 -
3:: 500 —8—2-AG / Vehicle 3:: 500 - —-2-AG / Dvz ip.
c c
2 400 2 400 A
o o
2 2
£ 300 £ 300 -
3 3
Q Q
< 200 < 200 -
< <
100 100 A
0 T T T 1 0 LI T T T 1
0 30 60 90 120 0 30 60 90 120
Time (min) Time (min)

Fig. 2-2. Effects of 2-AG on gastric emptying in the absence (A) or presence (B) of the CCK-
A receptor antagonist (devazepide). Dvz (0.5 mg/kg) or vehicle (10% TWEENS8O + 10% DMSO
in sterilized saline) was intraperitoneally injected at a dose of 5 mL/kg, 15 min before the oral
administration of 2-AG (0 or 25 mg/kg) and acetaminophen (100 mg/kg) in fasted mice. Values are
expressed as changes from the basal (0 min) concentration of plasma acetaminophen
(AAcetaminophen) and as the mean + SEM (n = 6). Plots with asterisks (*) show significant
differences compared with the control group at the same time point (*p < 0.05, Student’s t-test). NS
indicates that there was no significant difference between treatments. 2-AG, 2-arachidonoyl

glycerol; Dvz, devazepide; CCK, cholecystokinin.
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2-3-3. 2-AG DEHICEHE 13 CB1 DL

2-AG lFTY FAYFE/ A FZRAETHS CB1 DY > KN THD (Ueda et al. 2011;
Gendaszewska-Darmach et al. 2019), PCR%&IC & V. C57/BL6J ¥ 7 XD+ 155, 2285, [EfS
TlE. CB1IZDWTFE N5 DNA H 4 X (182bp) TH—/\> FAMH & 117z (Fig. 2-3A-C),

CB1 DRBIEAIRIET 57812, RISEIRE CB1 BAEHITH 5 SR141716A 5L T 7
LTI/ 7 vEABRET o7z, 2-AG ZEERAOK ST S L. 15 pBDT7E T I/ 7 ViE
E AT BB ICLL R TERICET L 7= (Fig. 2-3D; Control, 515.7 + 35.6 uM; 2-AG, 369.3 £ 24.5 uM) ,
—H T, 2-AG & £HITSR141716A X% 5 L7-BflE. WRELOBICTE T I/ 7 Vg
EOBERBHREIFRD o Nah > 7 (Fig. 2-3E). RIC. SR141716A DIEFEANIZR 5 DR & 7,
SR141716A DIEFERNE 5T TlE (Fig. 2-3G). 2-AG ROKEICE S 15 0HOT7E M7/ 7z
VEEDEERET (Fig. 2-3F, Control/ Vehicle, 496.6 + 34.2 uM; 2-AG/ Vehicle, 366.4 + 30.6 uM)

FERRINGD 57,
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Fig. 2-3. Expression of CB1 in the mouse intestinal mucosa and effects of 2-AG on gastric
emptying in the absence or presence of CB1 antagonist (SR141716A). Total RNA was
extracted from the C57/BL6J mouse small intestine ((A) duodenum, (B) jejunum, or (C) ileum) and
then subjected to RT-PCR with specific CB1 or GAPDH primers. PCR products were separated in
agarose gel and visualized by Midori Green Advance DNA stain. (D, E) 2-AG (25 mg/kg) was orally
administered to fasted mice with SR141716A (10 mg/kg) or vehicle (saline containing 1.5% wi/v
CMC, 1% w/v acetaminophen, 10% TWEENS80, 10% DMSO, and 2% ethanol). (F, G) SR141716A
(0.5 mg/kg) or vehicle (10% TWEENS8O + 10% DMSO in sterile saline) was intraperitoneally injected
at a dose of 5 mL/kg, 15 min before the oral administration of 2-AG (0 or 25 mg/kg) and
acetaminophen in fasted mice. Values are expressed as changes from the basal (0 min)
concentration of plasma acetaminophen (AAcetaminophen) and as the mean + SEM (n = 5-6).
Plots with asterisks (*) show significant differences compared with the control group at the same
time point (*p < 0.05 and **p < 0.01, Student’s f-test). NS indicates that there was no significant

difference between the treatments. 2-AG, 2-arachidonoyl glycerol.
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2-3-4. Zx /=Nl y FRBRIC ) 3 EHLFEFM

2-AG DB HHINEIERIC CB1 A5 L TWAZ & &S ICRIEET 37510, FERINIE
N—h—TH57x/ Ly FeAWHREER LT, £DHER. 2-AG BROK SR T BHF
3/ Control / Vehicle £ & V) $ HEI(Z{1E <  (Fig. 2-4A; Control / Vehicle, 85.2 + 2.1%; 2-AG /
Vehicle, 66.7 + 6.3%). 2-AG O BHHINGIEAN S HICKFE N7z, SR141716A % =a1ICEME
NiEE5d 2 &, WREFE 2-AGC ROKSHEOBICEREAEZIIRO oNEH 57 (Fig. 2-4B;
Control / SR141716A, 79.2 + 4.9%; 2-AG / SR141716A, 73.1 + 5.6%), 7 = / —/LL v FRED
EREEERIC, PIRMEBRO T 72/ 7 2 VEEIL. 2-AG 2O 5EET Control /Vehicle &
&Y HHEEICEL (Fig. 2-4C; Control / Vehicle, 646.4 + 24.2 uM; 2-AG / Vehicle, 490.1 + 28.1
UM). STEBHIIC. SR141716A 2 EIENIRE S 2 & MR 7 b7/ 7 2 VEEIIRBE & 2-
AG BB THERB AR ZE XA >N < %> 7= (Fig. 2-4D; Control / SR141716A.p., 636.8 + 50.8 uM;

2-AG / SR141716Ai.p., 546.8 + 55.5 uM)
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Fig. 2-4. Effects of 2-AG on the gastric emptying rate in the absence (A, C) or presence (B,
D) of SR141716A (phenol red recovery method). 2-AG (25 mg/kg) was orally administered to
fasted mice along with phenol red and acetaminophen, 15 min after the intraperitoneal injection of
SR141716A (0.5 mg/kg) or vehicle (10% TWEENS80 + 10% DMSO in sterilized saline). Stomach
contents and portal blood were collected 15 min after oral administration. (A, B) The gastric
emptying rate was determined by measuring luminal phenol red collected from the stomach. (C, D)
Acetaminophen levels in the portal plasma were measured. Values are expressed as the mean +
SEM (n = 5-6). Plots with asterisks (*) show significant differences compared to the control group
(*p < 0.05 and **p < 0.01, Student’s f-test). NS indicates that there was no significant difference

between the treatments. 2-AG, 2-arachidonoyl glycerol.
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2-3-5. 2-AG BEEAIRFIC L B BHEHHIFIZIR

CB1 742 3= FDIEERIZEH 2-AG D EHEHINFIER %35 & 87 (Fig. 2-3, 2-
4) Z DB RIC2-AG DIEREARE S DR E & L7z (Fig. 2-5), B—FAE (25mg/kg) Tl
2-AG DROKREG LEERKRSOmMAN, 156 pEBOMBT LTI/ 72V RBEOLEFEZHFRIC
1% L7z (Vehicle, 437.8 = 12.9 uM; Oral 2-AG, 352.9 + 31.9 uM; Intraperitoneal 2-AG, 188.5 +
21.3 uM), EEFERKRETIZ 30 pETH 72 T I/ 7o VIEEA Y FE—JL (Vehicle) &
g L TEEICE < (Vehicle, 363.4 + 29.5 uM; Intraperitoneal 2-AG, 236.8 + 30.5 uM). EO#%
5 &) BEEHIHERA O RN RO o fz, 120 ik, 2-AG EERNKREGHO T N7 I/ 7=
VEEIZOY bOo—LE LY EBEEIIED -7z (Vehicle, 41.8 + 16.0 uM; Intraperitoneal 2-AG, 209.4

+39.6 uM),

500 ~ .
—C—Vehicle
400 | —o—Oral 2-AG
% Intraperitoneal 2-AG
g 300
=
[«
2
£ 200
4]
[&]
<
<]
100
0 T T T ,
0 30 60 90 120
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Fig. 2-5. Effect of intraperitoneal administration of 2-AG on gastric emptying. 2-AG (25 mg/kg)
was orally or intraperitoneally coadministered (10 mL/kg) to fasted mice with oral acetaminophen.
Values are expressed as changes from the basal (0 min) concentration of plasma acetaminophen
(AAcetaminophen) and as the mean + SEM (n = 6). Plots with asterisks (*) show significant
differences compared to the control group at the same time point (*p < 0.05 and **p < 0.01,

Dunnett’s test). 2-AG, 2-arachidonoyl glycerol.
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2-3-6. 2-AG ZBOREICL 3 CCK, GLP-1 %2 Z& & CB1 D5

2-AG BO®‘EICL Y EBRIC CCK A TTEINTWB A £7-Z DIERICEH TS CB1
DEGERIELTce oo ¥V AKG ERBERAD MK GLUTag Z AW /cHIEDOFRICH L
T. 2-AG 7' GLP-1 D% FEE Y 5 Z & HRENTH Y. GLP-1 H CCK RIEkIC B HEHHIHI1EA
“HT 572, 2-AG ROREICL D GLP-1 Mk ~DEEL 8 TIRAEL 7o, £ OHER. PR
¥h CCKIEE X 2-AG RO EE oy O — LB LKL THEEICE < (Fig. 2-6A; Control /
Vehicle, 53.7 + 5.7 uM; 2-AG / Vehicle, 75.4 + 7.1 uM). SR141716A OERIEIENZKSLETH
BREILH LN < -7z (Fig. 2-6B; Control / SR141716A1.p., 55.2 + 6.2 uM; 2-AG / SR141716A
i.p., 59.4 £ 7.2 uM), —H T, PIARINEEF total GLP-1 2E 1L 2-AG OFE £ (Fig. 2-6C; Control /
Vehicle, 27.1 + 5.3 uM; 2-AG / Vehicle, 24.7 + 4.3 uM). SR141716A ®E# (Fig. 2-6D; Control /
SR141716Ai.p., 37.9 + 5.7 uM; 2-AG / SR141716Ai.p., 26.0 £ 7.0 uM) (CEIH BT, BEEEIL

%k'bﬂt}:b\’)fto
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Fig. 2-6. Effects of oral administration of 2-AG on the portal (A, B) CCK and (C, D) total GLP-
1 concentration in the absence (A, C) or presence (B, D) of CB1 antagonist (SR141716A).
SR141716A (0.5 mg/kg) or vehicle (10% TWEENS80O + 10% DMSO in sterile saline) was
intraperitoneally injected at a dose of 5 mL/kg, 15 min before the oral administration of 2-AG (0 or
25 mg/kg) in fasted mice. Portal blood was collected 15 min after oral administration of vehicle or
2-AG. Values are expressed as the mean + SEM (n = 5-6). Plots with asterisks (*) show significant
differences compared with the control group at the same time point (*p < 0.05, Student’s t-test). NS
indicates that there was no significant difference between the treatments. 2-AG, 2-arachidonoyl

glycerol.
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2-4. ER

RETIE, 77F FVBEAE 2-MG THD 2-AG DI T RICEIT2BHHAOEEL K
SEL. ZOANZXLERBTHIEEZMREMNE LTz, ZTDER. 2-AG OREOE S (25 mg/kg
BW) (C& V., T ROBEHHEI G S NS Z LA HERINT-, 512, CCK-AB LU CB1 ZA
HTT7 o ZAZRbEBWEEAHRICEY, CCK 7 HILBLUCB1 oF5EZHLMNICLT, Th
S OFER T, SHILERDMEICE TS 2-MG ORI R S NS, 2-MG D EIBIIEE| 0 EER
TRODDHLDTHDHEERZ NS,

2-AG OEO% S5 (25mglkgBW) £, 77 % KB (25 mg/kg BW) & [EERIC 15 DD
TEbT7I/ 72 VEEOLERZ Y PO— LB EHRL TERICETIELA, 77/
7 VRENE -7 L5 KMIE 2-AG KSR (169) LT 7 F K UBKRER (B04) T

B8R H - 7= (Fig. 2-1), BIETIE, ¥ 7 ZELERND AR STC-1 ICH LT, 2-AG | CB1
N LT CCKMMEREL, 77 F FBId GPR120 Z# /1 L T CCK M Z (BT 5 Z L HVRE
INTee T7F N VBOEFRRNICE T 21EREFORBICIEII SR IMBELALETH SHD, 5E
DiER (Fig.2-1) &, 77 % RVBEAEBREREL L TEZ<0EEZ2 D5 TG AL BHEHID
FHEREZTRT I EETRTDHDTH 7,

AR TR 2-AG DR 5 E (25 mglkgBW) ICDWTERT 5, Z 1 TOH L (Hansen
and Vana, 2019; Hansen etal., 2012) (C&£ % &, FRKAIX 1 BICK 100g DfEE (TG) %#IEEXL
THEY, 1HIBERETDE1EH/-Y 33 gDEHEICHLET S, 1EORETIZgDEES
BT 25E, BRtb, MBTRA 119D 2-MGAERT AN H 5, HZ 1. 119/80 kg BW
I¥ 138 mg/kg BW ICHEH L. AR TR L7-FAE (25 mg/kg BW =2 g/80 kg BW) &Y hi
VEWZ &g D, iz, FTITHRTIE. FET73-97 kg DL MIHEWT, 2 gD 2-0G = ZEh5

ICERET 52L& GLP-1 MBS NS T EARENTWLS (Hansenetal., 2011), D
FATHZR TlE. BRI DO KRB E AL A VEBALEDEF ) —TH (L% 5 ml EIRL 7RI,
) X—HIZ LD HEILT,. K929 D 2-0G £#329g DAL A VEAPELAEIND D& L THKS

BROERET SN TWL S, 5mIINZTCAMEETHY ., BERY O LEEBNLHEAANTHS EER
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bNd, —HT. V77FFVBRIEIFLAVEREIZRLGY., BEEBK TG OREIEMEMKICS®H 5E]
BlEF—RIELS, ZOERE IF—HKPZHRAICE T 100250 mg/HEE LRSI NLTWLDS
(Kawashima 2019), ZD7=%. TG EIREN L EMIC 2-AG £EREZMNET 5 Z L ITBEY TIEA
. 2-0GKEMRLAPAETHH I L DHEH>T 2-AC DREEZEENTH 2 & ITHERD
o, LEALAEDA S, 2-AG FEERICITFREERERBE L OEBIE TEMT 5729

(Argueta and DiPatrizio, 2017; Burdyga et al., 2010; DiPatrizio et al., 2015; Gomez et al., 2002;
Kirkham et al., 2002) . HILEBICEWTRAMBEELN —BNIC LR T 2A8ELH 2, ZDLHH
RIET T, MEREBLLTRIHMETH>TH, RAMICIIEBERZRE LIS REICH)E

AREMHEBETER L, CORREMZRIIT 21213, S ORIBFADBETH B D, KR
2-AG MEAEICBEWTRNICENLIZBEICEDL ) LEBREZFE LB 20 ZHL NI
THLODOERNRNE LTERZETDEERILND,

CCK [FEICHKRMMRICHKIRT 5 CCK-A ZARMICEHM SN, BHEZIH T2 (Herranz,
2003), CCK-AZR/HT Y XTI b Th% Dvz ZERNREWET 5 &£, 120 2-AG D FHH
mEERA B E N7 (Fig. 2-2) T&h . CCK ¥ 7 FIILDBEEATRE E NI, STC-1 HfZIC
BT, 2-AG 1 CCK i Z1RET % & WO RIEDERIE, BOKS L /- 2-AG A° CCK EXEH1t
BN, b5 IHRRICERL TCCK M zRET 52 & 2T 5, ERICAHAR
BWT, 2-AG DREORES A~ 7 AFIIRIMFEF CCKIREZ I bA—LEFLHRL TERICEXR
&¥7z (Fig.2-6A) Ze&hnbH, CCKY 7 FILOBENTIFEND,

2-AG BTY FAYFE/AFD=DTHY, INETORSTEIYFAYFE/AF
ROBCHAEERED CB1 2 L TEEPIRILF - X%2HHEHT 25 &S Th % (DiMarzo
and Matias, 2005; Osei-Hyiaman et al., 2006; Sharkey and Pittman, 2005), &X#FTICENT, <
7RO/ (+Z238. . EB) ICCB1ARIEBL WS Z & A2/R LA (Fig. 2-3A-C), &
DFERIT. T T ZADBEHMELWICCBIMHEBEL TWA T EZHONICLIBEDHNRE & —8T 2

(Casu et al., 2003), CB1 7> & I=X b TH 5 SR141716A 2R K57 % £, 2-AG DEO
REICK 2 BEEITIER BRI N2 eh o BEICEET S CB1 1E. 2-AG IC& 2 FHH
IEI DIEFRRIBICEh > T b EEZ b3 (Fig. 2-3D,E), & 512, CB1 OFIE L~ 7 XD CCK
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ELEMP., 94aHbb [ HlEICEWTERENTEY (Argueta et al., 2019; Sykaras et al., 2012) .

“F

ZIZHWTH, 2-AG A STC-1 MIAZICHFKIRT 5 CB1 AN L T CCK Dl &N ICRET 5 2 &
ZHROMIC LT, INLZBER DL, 2-AG 1L | flIf2ICRKIZRS % CB1 IC/EA L T CCK bz {2
EL, ZNICK - TEHEZIMHEI L TV BRI H D, £7/-. CB1 72X I=X M DERRK
BBl T b7/ 7z ABBL0T7 /Ly RREBRICEIT 20O 2-AG OB HEHID
HIVEFA % #EBR L7 (Fig. 2-3F, G; Fig. 2-4), T HDFERN S, 2-AG 305 R TRINE N7z
%, CCK FEEA MM D EEA £ /- [ IRMMHRICHKIRS 2 CB1 ICFAL CBHIH AN ¢ 5 2 &
HRE S Nz,

CDEZE—HT D L5IT, 2-AG DEEAKREG IFROKSE &R L TEHRH Z 58771240
L7z (Fig.2-5), 7. £4THIE (Marzo etal., 2008) Tl&. AEA DIEIERNIZE(IC L VRS
NI-BEEHOIFIA, CB1 7 X I b DEEANKRGBICL Y BRI N/, oI, AR
IZBWT, 2-AG DRFOREIC & AFIIRMEET CCK IZEDHEARA CB1 7> X T=X F DIEER
BEIIBIC & > CHEBREI Nz (Fig. 2-6B); INODERIE ERDAIREMEZZ[FT LD TH 5,

CCKA ZRURT YR ITZZA P CB1 7Y E A= h5HEE5LTH, 2-AG ICL 2 BHH
MHERZTRICHEBRT 522 LlgTERDL -7 (Fig. 2-2,2-3D-G,2-4), TN o DFERIF, AEER
£ T TH CCK-A 7213 CB1 DIREHNTH A TH DT &, £/ IEMDO XA H =X LDEEICL S
HLOEBbNE, FIEICEAL T, AMECHVLWZHAZIXBEDRSE (Chen etal., 2012; Hira et
al., 2015; Madsen et al., 2009; Marzo et al., 2008; Orio et al., 2011) (CEDL< LD TH D70, [H
ENTADTH 72 EFEZIC W, BOXHZXLE LT, GLP-1 ABHEHE 243 2%
WEEERILEYELTASNTHY (Phillips et al., 2015), ~ 7 2 K5 E &R BAFAD ARk
GLUTag % AW -RIZE DRI T, 2-AG 7' GLP-1 DA RET 5 Z L HARENT WS 78, GLP-
1 OEEIREDONT-, £ T, 2-AG DREOKRELRHWIZ CB1 72 I=X + DERNR G
IZ & B PIARILEE H Total GLP-1 RE~NDEEZRET L 72D, WTNDIRETH GLP-1 REDEE)
ERH LN h o7 (Fig. 2-6C, D), 4ciTHIZ (Gonzalez-Mariscal etal., 2016) Tl&, CB1 ./ v
7RI RFHERTY XA BiREROMF GLP-1 REANEEICE <. CB1 A GLP-
1 Z8ICHIET 2AEATERINT WD, £/ 2-MG Z2ETRED % |3 L&/ INETRINE N
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(Lema et al. 2020). L fEEA EICTER/INGEA O KEBICETET 5 7-& (Baggio and Drucker 2007).
GLP-1 MEE IS ERED 2-AG AN TENNEE TEREL A > 1-RlBED B 5, I ozl ZE
ABE, 2Lt GLP-1 % 2-AG O BHFHIIGIER ICBEE T 2 AlietIdEVnEEZX 6N D,
S{THZ2 (Burdyga, 2004) | . CCK-A 2 R{E% HIZT 2 KOMEREMHFEAN CB1 $
FIFT D&, B LMREICE TS CB1 OXRBEAEERITIEML, CCK (B> 7/ F L% 1EMT
%) ICEYIBFIINDZEARINTWLD, THIC, CCKA ZARART Y RXI=X+TH?D
lorglumide &, BREEZOROEXREMRRICH TS CB1 RIRDOETZHETI2HMENH S
(Burdyga, 2004), 2N 5 DEITHEDHER L AMEDRER L Y. 2-AG IC L 2 FHHINGIEE L
L TUTOREAZEZ 5N 5,CCK-ARXRBRZRE L 7B 2-AG (T & 53R OMEREMRE D CB1
DSEHDBHEOISNICEF ST 5, ROMRESRRS L OB LR MEEERAIO CB1 ZEET
%EL2-AGICE D RO ERZRAICHKIRT 5 CB1 OJEH L Z /v L 7= CCK b DIREN B HEH
MHICEHFET 5, SEOMET, CCKA XRET VY XI_X ML CB1 7Yy2 3= M0OROZE
TDIEEBERNOHERESICLY ., ZNODREENRALNICH S EBbN s,
2-AG DEFRNIRE IZEAE (25 mg/kg BW) ORO#KS5 & ® L T (Fig. 2-5). & Yo#
<O DOFHRRICBHFRE 208 L7c (~309), Z DR MBEFHT LTI/ 7z VREOLE—
71k, DE (15 57%%) ITHRTHRYEL (60 H5). 2-AG BEIEAHSEE TlE, 120 Ko
BHRTE T I/ 7 VRENMMO 2LV BRICE R o7, 2-AG DIEENE S A 2-AG DfF
A5 LY LBARERZRIERIE 3 2FAoND, E—IC, BORS INARIZERFREIC
—EELHMNBIIRNAE T, BRCBRICLK>THERIND-HTH D, BIZ, 2-AG 1Z5E
AR DOMEIES L CHIEE ICHIRT 5 MAGL 7 & OIS #REEZR IC & - T2 S 1 (Blankman
et al., 2007; Dinh et al., 2002a, 2002b). *7-. MEATIZ TG ICHEEMINZ DT, EERHNA
ICBITT2DIEIFADO—ERIZT EA L (Mu and Hay, 2004) L EX H5NE7-HTHD, B=IC,
IEREANE G TIEEILERND RN HKIZT 2 CB1 (A< EAT 2 AI6EMENH 572D TH 5,
RORGHDOEENICE T S 2-AG DFEE CRINE DHIRANDBIT EEAR S KD 2-AG D
VEAREZHERT 57-DICIE T 0B IETADBETH S,
2EABTHH IR MECRESIEMEDRE L 225720, BHEHOMI4IXMEERSE
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CIREESED T - BROT-ODBELERZ—T v FEEZOND, AAROEFRE LT, FIC
2-AG @ invivo TOAERIZEE L7-7=%. 2-AG O BEFHIFHER Z D 2-MG L LB L ah - 7=
ZENFEITOND, AMRDOBENOHENTILH D, 2-AG LD 2-MG D BEHEH ICX T 2 2
EHET S L1d 2-MG OEBHEENCOWTHZBMEEZEZX 210 TH Y SHROMROR
WhpsdEBbND, £/, 2-AG = 2L REFEHNED 2-MG »'. REOMIEECIEERSES
EDFEBICKIZTTHEZIRIT 27-HIC1E. S OBRIBAHNVETH S,

RETIE, 2-AG OROBEWX T b T7I/ 7z vEARELUP 72/ —LLy FEHER T
MLz~ 7 ZADOBEHEZMHIL7ze T HIT, CCK-A ZAEP CB1 7 X IT=X b xFAWHR
BRICE Y. CCK ¥, KMk s & O CCK EE B ERDLMEEICHIET 5 CB1 OE&A
TEENTz, LEDRERL Y, 2-AG 1Z CB1-CCK 5 LW E 1 CB1 Y 7/ FAREAENL T, <
TADBHHAMG T2 ENELAN LAY 2-AG & BEEHRE % HIET 2 BRSO MWMFR & DR

DI EENMEEERRENT,
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3-1. ERLEMN

BHOERBLERIE. TEF, DIT. SDA % £ &M FN, BREREO I XL —HEEDIE
MCE-TEIERZISINEHDTHS (Westerterp 2004), DIT (&, EFERH. BEEEHRE &
EHIC, THOIZRLX —BEBEZERT2I3IERDHIBLND 1 DTHS (Westerterp 2004), DIT
F1THOIRLF—HEED 10%REICBELVDA ZOETRIXLVF-INZZIEICHEIT. &
HARICIZAEBERE DERBIC DA D EEZX LN TWLWS (Ho 2018), DIT I3—MZAYIC, RAlEE D fAE
4 (obligatory thermogenesis) & {EERIAZAELE (facultative thermogenesis) @ 2 DDEZKI(C
PFoND, FAEOEMESE &, BELICREBRDOHEL - BRI - ITEA £ DEBN LRI,
THNF—aARbZEIEL —AT ABNGREE S BRICERLAIR L —Z2RAL T,
BELTEDIRNF -2 BT MR EAEE ZET (Saito et al. 2020),

DIT, HICHNAIBOHERELEDKRE SF, BmOIFILF—BILIFTEL L BROBK
RIS HEE L, BRI AL F—IIXF LT, 2> /X7'E 20-30%. ##HE 5-10%. fEE 0-3%. EA
B 10%E & T3 (Scott and Devore 2005; Karst et al. 1984; Tappy 1996), X > /S7&ED
BABAEEERIZ. RBICZLDOIRNTF—ZHET 27O LHERINTLSA (Van Milgen
2002), ZDIRE LR D A D Z X LIFHRICERBINTLARL,

BAT DFMEA®VE F EEVWE FZAWAHIR TR, TALF -T2V ADENLRE
12399 % DIT ISE~D BAT OB SIFEHHI (8 30%) THB I EARESNTHY (Hibi et al.
2016), BHRAEAICEWT, BAT EHL L IZB B2 FERA N XLDNEET 5 I ENTERIN
TW5,

7 v PERAVWEEITHRICEWT, /87 BOERUL, KK CREZEIRT 5 £
VLM GLP-1 EEA 505 Z EARHBEINTLS (Shimizu etal. 2021; Hira et al. 2021), = ®
ANZXLNE, BEUERVNIE GRTA X R0ERE) OBICKYVERINDEXTF EN
RKELHFEL, BILEEBETD GLP1 2z (BT 5 £ &£ HI2, BBARBFTMHA D DPP4 jEit%
BRET 27 LHRIND, BREAELEOBNAFERFLL THON D XV /37 BERD,

GLP-1 b8 NICHEET D E VW) INETCOMBICEDE, BEEM X /X BORESIERIC
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GLP-1 B85 L TW % LRER&Z L Tz,

WL DO DEITHETIE, GLP-1 OEELA IS T 2MEARFTENT WD, GLP-1 D&
ARG, 7Y MCBLWTHEKRENICIRLY HEEB L OREBBED LFEZ5| 2RI L
(Osaka et al. 2005), F7-. £ MIHEWTH GLP-1 OEIRAEF I TRV F—HEEX LRI E
7= (Shalevetal. 1997), & 5(Z. GLP-1 £7/2IE GLP-IR 7 T =X F DNEARKR S 1. REMHER

(sympathetic nervous system; SNS) O &4t %/ L T8 R EFEBEERBER (interscapular
brown adipose tissue; iBAT) DEVE4L % {2# L 7= (Lockie et al. 2012; Beiroa et al. 2014), L » L
mhn, AR CELERR) O GLP-1 H"EHRIMELICEDERET S L TL20IERHATH S,

RETIH, [BEEX /RO BEOMEEERIC GLP-1 2'B59 2] & WS RERERIES
270, BHETRNERBEROFMETHI2BEEBATICLY., £, BEEZ VY XJE
DR PIRE LR L CRABREEERAEZFEONE S M ERET L7z, RIT. GLP-1 &L
HETHEBHEMBRLEVDR YRV BICKZBEEFERICEASE L TLWEANEI hE, BEH
{CERILEVYSBET X IT=ZRX M, GLP-1R / v 27 77 k (glucagon-like peptide-1 receptor

knockout; Glp1r KO) <7 X, DPP-4 [HEAI%A &% UL TIRET L 7=,
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3-2. EBRMH L RRAE

3-2-1. ZEBY (7 F) HLVRER

14 Sprague-Dawley 7 v + (6 :@#5) |&HA SLC (Hamamatsu, Japan) »SEEA L.
BAHA 08:00-20:00, RE 22+2°C, BE 55t 5%ICEEINAIRETCEMNICAE L7, BHEER -
BHEUKDOEHET THEZ1TL. AIN-93G §fl (Reeves 1997) % 5 X 7=, BRI 4-7 HEDFIL
HEZET, YA’V IEVWE X WAEREICTDICENZRICERE L7, ARIZ. BiLKF
EABERFORZEBNER - FAEERTARINTHY (KRES 1 19-0064), £ TDE

HRBRIZIBERFHYERICBET L4 FZ 4 VI ->TEBL T

3-2-2. EEFY (vOX) ELUVRE (REFFLAFEIZ TERE)

It C57BL/B ¥ R (8 Bis) 13¥ v/ V> - KT FU—+ P vs8 (Yokohama,

Japan) " 58 L 7=, Glp1r KO C57BL/6J ¥ 7 X (Scrocchi etal. 1996) (& Lunenfeld Tanenbaum

Research Institute T4 £ 41, Dr. J. Drucker B & Y 53N/, RECREARHMSIN/-LE
(22+£2°C, 55+5%) CTEB M. 12 B DY 1 7L (8:00-20:00 DR ([CHEFI iz,

12X 78Rl (CE-2, CLEC Japan Inc., Tokyo) &7/k% BEICIEERTE 7z, #ERIE. 4-7 BE D

LEEZ T, B EY FVE L THEREIC T2 ICEBNRICKR RS N, AUTRIE, 5

FILRFEYRBREERDAREET KRES | KPU040907-4C-C). RIARFDEMEEMRIZIC

> TEEBS NI,

3-2-2. EBHH

DEERE X > /8 & (soy protein) [& MP Biomedicals t#tHh S BA L7 (2 > /80’8 92% ;
905456 ; Solon, OH, USA), 78R T A % > /X2 & (whey protein, >90% % > /X7 & ; WPI8855)
I& Fonterra it S EEA L7z, FBEELKIKEA % > /X7 E (rice protein ; 78.5% % > /37 &) (& HR

BEklat (Nigata, Japan) L Wigfta sz, 7¥ X b U > (TK-16; EAE 5.5) &, Wbz
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T2tk 24t (Hyogo, Japan) & Y 2t 2 M7, K=o I, tkN &4 J-F 1 JL 2 )L X (Tokyo, Japan)
VRIS, IBRRBB-7 FLF ) 2R/ (B-adrenergic receptor; BAR) FEEEITH 518
B ~7'072 / o—JLix, LKT Laboratories ¥t (Minneapolis, MN, USA) &£ Y BA L 7=, GLP-1R FH
=% Exendin (9-39) (Ex9; analytical grade, purity > 95%) ¥ & U GIP X BZAEEH| GIP (7-30)-
NH; (analytical grade, purity > 95%) |& Thermo Fisher Scientific ttH* 5B A L 7z, CCK-A Z2RYE
BEEAITd % Dvz |+ ML Laboratories # (Liverpool, UK) Ao EFEE I, PYY B4 (Y2R)
I TH % BIE0246 (BIIE) |£. Tocris Bioscience # (Ellisville, MO, USA) AN L7z, FFIC

ERLAWVEY., ZOMOAEIZTRTEL 7 AL LFMAHME (Osaka, Japan) A HEA L 7=,

3-2-3. Zv FPDELEHTE

4R FEIL 5 BERERSE A7y FOBEBRRLY . EXNREET (Delta OHM HD 2128.2
T-type, Caselle di Selvazzano, ltaly) (Z##: L 7B 70— 7 (RET-2 rectal probe for rats,
Physitemp, Clifton, NJ, USA) ZFR W<, HRHEOKESE] (0 BfE) &/RE5RICAE LT, 7A—
ZIFHEBERECE—T 4770y 7 TR CICRIFLIZT7 Y YHRICBW ., 7A—T7 %L

F3 Bem) ICEEMICHEAL, BIEHR, 7 v MEEFCERME Q0MWUR) E<HRLE, FICE

Eb
Uoe
]:l

BLAEWEY, ERRIIEERETCETOHEBLET (22+2°C) THE LT

3-2-4. L E L TV glucagon-like peptide-1 receptor knockout (GLP-1r KO) v 7

X DEGBIE (REFFLKAXZIC TERE)

FAER <7 X (wild-type; WT; C57BL/6J) & Glp1rKO ¥ 7 X% 5 FfEfeR < 7= (9:00-
14:00), EBRERRIZ. ¥4 7 070—7REF (BAT-12, Physitemp) (CEEfE L 788X 7’0 —
7 (RET-3 ¥ 7 Z[AERz 70—, Physitemp, Clifton, NJ, USA) ZFWTEIE L7z, KEZX /3
JEFEIIHRIA RN ERK (2920 mL) FEEREK (3 bBE—JL) % 20 mlL/kg
BW 0 HE TRAOZKS L%, BE5 1. 2. SBHERICEBEZIE L7z, BEEOIEL. BF
DERBEE (22+2°C) TEMELT,
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3-2-5. Sy MCHEIIZEBHEEL ST

5 Bsflfe R (9:00-14:.00)0 7 v bOERE (0KE) ZAE Lk, 20k, BRET
FieRZET. BIGEAH TR (AIN-93G) Z BHREIRS ¢/, REENE L BERIT. B

®1, 2, IFEROXA I THE LT,

3-2-6. EAKREFEOREFICHIIEZ v FDELRZE

4 FF#E R (9:00-13:00), ERERR (0 FE) ZAE L, Z0#, 7v MI7 14—
F 4> F 21— (6Fr. Atom Medical, Tokyo, Japan) =B\ TR (HEHAY —DX /R
B, kA, BEE) % 15mL/kgBW ORE TROKSE L7, X /30 BB L UVRK LY DRE
ELTAEAYF MU TLBLUTFR MY VA ZNENKITER L, 29/15mL (= 8kcal/15
mL) ICFAR L 7=, lREDRF L LT AEH% 1.5% CMC A®RICHEE L. 0.89g/15mL (=8 kcal/15

mL) ISHAS L7, BOKESH S 05, 1. 2, 3IFHERICERREAE L7,

3-2-7. BADBmZ > /YIEHREORSTFICEIISZ v F DEGRIE
RERVINVE, At v, RIARZVNRTE KAV NRIE WPLTIveznt
NAITERE, BB L T2915mL OBEZRZEE L, 15 mL/kg BW OFAE TROKS L7, AlOHR
BT, Sy MIERDZZVNRVER (1 £7132915mL) % 15 mL/kg BW OFE TROKS
L7z, 3> bBO—JLBEICIE Vehicle (k) % 15 mL/kg BW OB ETROKS L., LR EREKICE

fm 2 BIE L7,

3-2-8. Z v FICH 1B FEEEIR B-adrenergic receptor (FAR) 7> X T=X FMEE

ARERBEIEZ7 Y M. KEX /X0 ERR (29/15mL) £7-1% Vehicle (k) % 15

mL/kgBW OFE TROKE L7-ERIC, 3EERNBAREER THD 7077/ 0—IBRKR (£
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BEIEKIEME L, 3 mg/mL ICFAE (Kawada et al. 1986)) F7-1% Vehicle (EERIENK) % 1
mL/kg BW OFETHEERNES L7-, ORETIE, 4 BEEEIE7-7 v MZ, BAT J&HLE
ELTL-/zex7 ) v iERE (/LT X7 Y > Sigma-Aldrich, St. Louis, MO, USA, 4
BIEKITAR L T03mgmL &5 L5 ICHRE) % 1mlkgBW OBETE T EF L. B TFE
HE®IC. 7077 /08— (3mg/mL) F7-iF Vehicle (£EB1IE/K) % 1 mLkgBW OFET

BEERKRES L, LRREERICERRERE LT,

3-2-9. FHNEY—FI'5Z71ICk B 5w D interscapular brown adipose tissue

(iBAT) _LRE/EZE @ EDIE

ABROBBICAY 77 VBT TT v FOBREMEZHE L 7= (Beiroa et al. 2014),
A MLRERNRICHIZ 2720, BRICEIC 7y FOFRNMRET A %Y —ES Z 7 4 (FLIRONE
PRO) TH#&& L 7= (Oelkrug and Mittag 2021; Van der Vinne et al. 2020), 3-4 BFREfER & 8 7-1%

(9:00-12:00 0r 13:00). T b BEA WG ZFRRT % E— F T 3 HHEF L 7z, FLIRONE Ver.4.4.0

ZAWT, EFBME (BATOTICHZBEFREORH) OREXRMEEOHESME (3 2MDBIET
BRbEWEE) ZHEL. R—XTAVBEL LT, BAT DEBZE(AERICHESNTWSZ
EEFERT B 13 BLUBBICEBRIEKEZIZ /LT ERT7Y Y (RBEBEKISEEL 1
mg/mL (ZFE%) % 1 mL/kgBW OFRE TR NEF L7z, %505, 1. 2, IFHEBRICKEREZ 1
AEVAIE L. 1 2fEH72Y O BAT REDRED&EAEZ L5 & RERICKD 7,

AloFHBTIE, 7Y M 4BEERIE. ZD%. Vehice (k) 7213 2gM15mL & &
DESICHABLARER VRO BERRE 15mLkgBW ORETROKRS L, LR EAKICERE

R R 2 AE L7,

3-2-10. FHRY—FFZ71ICLB 5y P DESBFEREREDIE

3-4 BRI 872 (9:00-12:00 or 13:00). FEFEE 22°COEN TRERE O HRNR
B %iEE L7-. FLIRONE Ver440 Z#fAVWTEDEVWERORSEXMBEL T L. EBWEL
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FEREREL L1z, ZD%, 13:00 I—HDINL—TD 7y F%& 18COMWEICAN, b5 —F
DITIN—T% 22°COFRICANT, 0.5 BERICKERELZATEL. RaRPXRERES LD
LOITRE L7

BlosEBETIE. 7y M 4 EBEEESE. Vehicle OKk) £721529/M15mL &R B L5 (S
AR L-KRER /X EERBR% 15 mLlkg BW OFETROKS L1z, BEF0HBEEET (22
2°C) TORERER, BOKRENS 05, 1. 2. IEMBICHE L. BEXREXRTDREDORAME

= DL S ITKRDT,

3-2-11. Zv FMICEIIBEESADENLEFNEZFERT > XT=X

9. 4RMEORER (9:00-13:00) OEBEREG (0 FH) ZAE L7, Z0%k. 7 v
bIZ Vehicle (k) 72152 gM5 mL &2 LS ICHABLZRELX /0B RKR% 15 mL/kg BW
ODAETROKSE L, BROKESER., 721X MAKE 721Z Vehicle # 1 mL/kgBW OFHE
THEERNES L7, GLP-IR 7> 2 =X FTH % Ex9 % EEBIE/KITARE L. 30 nmol/mL (100
ug/mL) %#% 5 L 7= (Williams et al. 2009; Williams et al. 2011), GIP S&AEEHRTH % GIP (7-
30)-NH:z £, 7% DMSO % &L EBRIENKITAR L. 6.9 nmol/mL (20 ug/mL) =¥ 5 L 7= (Tseng
etal. 1999), CCK-A XAMAEEHRTH % Dvz 1£. 5% DMSO & 5% Tween 80 % & L EEEIEK
AR L. 222 umol/mL (0.5mg/mL) #5 L 7= (Muramatsu et al. 2014), PYY &K (Y2R) [HE
&|T# % BIE |, 7% DMSO 2 & EEBRIE/KITAME L. 653 nmol/mL (0.62 mg/mL) %5 L 7=

(Igarashi et al. 2021), EOESH 5 0.5, 1. 2. IEFEBICEREZAE L7,

3-2-12. 7 v FFifrMIZES GLP-1 ;2 EDHE

4 B5RHeRE (9:00-13:00)., EHiEERE (0 BRE) ZAE L7, 7 ¥ bIZ Vehicle ()
F71329M5mL &R B LS ICABLI-RKEX Y/ ERKRE 15mLkgBW OFETRO®RS L
72 BOKREBERIC EX9 8K (30nmol/mL) F7z13% @ Vehicle (AE¥ERIE/K) % 1 mL/kg BW D

RETEENKS L/, RET TROKRES 0.5 KEH L O 1 KERICERRZAE L 7, T D,
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Ry R NLER—ILF U 7 LFREE (50 mg/kg BW) T TRRAD S IMEY >~ 7L A FREL., B
120 BIMEGE S 87z, RMMICAWES U > 2Icid, ~/8U >y (J&EE 50 IUmL), 77RF =
(#BE 500 KIU/mL), ¥ & U DPP-4 BEEA] (B 50 uM ; Millipore, MA, U.S.A.) % & Hh
CodoE L7z, MmigsE 008 (2300 x g, 4°CT 10 9f) HICEHE L. D £ T—-80°CTRE
L7,
migs o Active GLP-1 J2E % ELISA ¥ v I (Immuno-Biological Laboratories CO., Ltd.,

#27700) #AWTHITE L 7=,

3-2-13. BF HEE (oxygen consumption; VO: ¢ BEEHEDIHE (IEEXAF

B2 Ic TERE)

VO, %, BERFATEEE (MM102R 2 ; EETHEM, Tokyo, Japan) Z AL, F v > /\—
(1@ 230 mmxE1T 320 mmx5 S 250 mm) W, KUt 2.4-2.5 L/min TRIE L 7= (Okamatsu-Ogura
et al. 2007a; Okamatsu-Ogura et al. 2007b), &7 v b %, AIERBENIC—IEF v > /N—(ZJES S
i, MBREREOKREGD 4 KHEH,S 3 KBHEE (ZT1-8) £T. 32REET1 2H VO 2 IEL
720 05 FEIDRBE VO, 2 5TE L. kgKE®D 0.75 FH7-Y) O mLO, Tk L 7= (Osaka et al. 2005;
Munch etal. 1993), 4 BRI 0% (9:00-13:00; ZT1-5). Vehicle (k) F7zlZ2g/M15mL &7%a 3
EOICARLEZRER N BEREBER%E 15mLkgBW OHE TROKS L7, AEH. KIZFBH
BEE LT, RIS, ETFRHEIRTL (FYRILETHH AT NV-GS50K 5 LU DVD EF
# L 20— 4% —DMR-E90H ; Panasonic, Osaka, Japan) #Fi W\ T& 7 v b D BKEEN & HEHGAICE
L. BT L 2o ETFREEKIZ. HTEE), LB LAY EIAHL BKIZOWTF vy
L7z INODITEIN 3 HDEOMICERINIES., TNITNEZHBEEHD1 hT > b e L TR
RL. 05 KEIORBESHESEZEH L7,
Jo1THEFC (Okamatsu-Ogura et al. 2007a; Okamatsu-Ogura et al. 2007b) ICE D& &5
A% DRELEDZE [AVO; (thermogenesis)] # DIT & L TEH L7z, THbHHLE, #RT v F DO

VO, L BHEBEDHRBET — s hoFonRBIRERZAV. SHREHEICKREFT S VO2 [VO,
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(activity) ] #EH L 7=, HEFIE O BEEHE ST L AL VO, 1E, VO, (activity-independent)
=VO; — VO (activity) & L Tk& 7z, &% IZ. AVO;, (thermogenesis) 1. % 5% O VO, (activity-
independent) 7 5#&5R1D VO, (activity-independent) %2 L5 W CTEH L 7=,

RO TIE, KIC 2gM5mL £R2EDICHBLI-REZ Y/ XIJEZ Ty MIZ 15
mL/kg BW O HE TROKS L7z, BOKSERIC EX9 (30 nmol/mL) 7213 % ® Vehicle (43
BiRBAK) Z 1 mLkg BW OFECTEREAKRES L7, VO E BHEEHEZAE L. AVO,

(thermogenesis) % LD & 5 ICHETE L 7=,

3-2-14. HFEHE L Glp1r KO v U X DFIffMIZEFR GLP-1 ;BEDIE (REFFFZA
HICTER)

C57BL/6J H L U Glp1rKO ¥ 7 X % 5 iR & ¢ 7= (9:00-14:00), 2g/20mL &7/ %
DI L -RKER N VERRF-ITEEBRIEKE, 20 mL/kg BW OFE CRO%KS L7 1
RIS, 4V 707 Y IREET CRRA ORI L 7o, HIMAD U > PICIE, TR~/ >
T77O0F =V DPPARERTHIENLZ T T7F > FEENZNZ N 50 IU/mL. 500 KIU/mL.
10uM) ZDEL 7=, IRY ~ TV E = ODEEL ToBtE L. A DT E T-80°CTRFEL /=, M
#Erh o Total GLP-1 JEEAIZE (IC1E. Multi Species GLP-1 Total ELISA, 96-well plate (Millipore

#EZGLP1T-36K) % U 7=,

3-2-15. dipeptidyl peptidase-4 (DPP-4) [AZFIRE Z v F DEFFHFMEFF D GLP-1
ELOA R Y EBEDIE

BOTHEMWAE DPP-4 BAEAIE LT 27U 7F U VERIE (sitagliptin; Sigma-Aldrich)
AW, £9. 2BREBEAR%E (9:00-11:00) (2. 50 mg/5 mL &7 5 & S /KICERLARL 72>

RN TFEREKE, 74 =T 47 Fa—7 (6Fr) ZHULT 5mL/kgBW OAE TROK

5 L7, kg 5K 0BE & LT, -2, -1, 0. 0.5, 1. 2 5 L U' 3 R ICERIRA SR L .
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~/%Y v (EE50IUmML), 770 F = (BRE 500KIU/ML) 3 £ U DPP-4 FHEA] (REE
50 uM) ZHML7-, ERRO LS ICmigEHImML, ®FLT,

#eh D Active GLP-1 2E %, ERd ELISA ¥ v b2 AWTCAIE L7z, MmighA( > X
UViEER, v bR U VELISAF v kb (U-E 24 7, #AKRIN-130, Shibayagi Co Ltd.) %
BRI L 72, %e1THFZE (Shimizuetal. 2021) Tl ¥ 27U 7F Uik E5# 1-4 BEICE W T,
m#Es DPP-4 JEED 20-50%F S iz Z o, 27U 77U ROK S 2 FE&ICEHRZ &

Hix5 L 7=,

3-2-16. DPP-4 [AZHIRE Z v F ICH 1] 3 Bl AE

2 FFffE R (9:00-11:00). EEEEAIE L, 50mg/smL &7 5 & S /KISAR LASL
7227V TF v E1-1dk%E 5mlkgBW OFRETRAOKS L7 (28, 20 1 BEE, 2K
i (1. 0 M) ICEBRRZAE L7, &8 OkEemnRoEro ) —2 08, JKAK1L
¥, BEE) % 15mlkgBW OFETROKE L, T OEA 0L LT, 0.5 1. 2. 3 K%

CERRTAIE L 7,

3-2-17. 7/ BELSGIEORE S v F DEES. EFIFMIEH GLP-1 2EHNE

DRI R /N Ba BT 2007 I/ BOZEZFTMT 5720, mROES

///
.

F251%) (PROTEAMIN12 ;¥ 547%; Terumo Co. Ltd., Tokyo, Japan) (&7 2/ B% HESHIMT
& THERIZRAE L (Table. 3-1),

Asp. Asn, Glu, GIn DEEIFUAT DL D ICHTE L1z, DBERE X /X EIX, BE—TIZ
WLERAR RV INVED B D, ERDIE. T DOREILERE2S, 7S, 118, 15S (2L V)
DR INIEIZHFEE NS (Nishinari etal. 2014), ZD 4 DDRERV/XVEDSH, 7S B-a> 7
V=) EMS(FUT=y) #80%ULEE LD, 7S/MM1S DHEIIREICLY 05-1.31E L
WEINTWS (Saioetal. 1969), /=, B-a> 7 UL =ZviE3D2, FUy=Zvigs>0H 71

Zy b ol 20T I/ BEINDRFAINTVWS, Z2Z2T. 202202 /378ICEB L.
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INODDEERE RV /IRVED 0% EH 2 EREL., 7 I/ BEMI’HEGBERIGECHES LD
IZ7S/M1S tb1£ 0.52 & L7z, XIZ. Asp (78.4 mg/15mL). Asn (125.6 mg/15mL). Glu (181.1
mg/15mL). GIn(168.9mg/15mL) Ix.B-3 > 7' U > = > (GenBank Accession Number, BAE46788,
BAB64303, BAB64306; Fig. 3-1) £ X Uf2'U > = (GenBank Accession Number, BAC55938,
AAA33966, BAA74953, CAAG8460, BAA74952; Fig. 3-2) MY 7=y bD 7 I /EREEHICED

\/\T?&E Lf:o

/]

HBERITUTOLS ICAR L, £3. 71/ BEAKRET 57912, PROTEAMIN12
FRRZEBHATHERL, B7 I/ BZLEENIL, FRERIEZT I /RICOVWTERIE
RAEICEH L7z, BEAEMICIZ. PROTEAMINI2 53K 15 mL RICEEFNDET I/ BOES
T, DBERE R /X0E2g (15 mLkg BW AR FICEENDRT I/ BOEETHRL Ttz
K&D1ze TDEIE 2gM5ML DRKE R /X EARDIEMERELIZT 2/ BBEREAET 57
DICHERT I/ BREBIEE T 2H5EXREZRTHOTH D, BonmI EXRDI B, &bE
WMBZRLEZT I/ BIETY S THoTz, £ T, EFEOFRERIZT) >V ICEHET3.27
fEERE Lz, BRERTOE2T I/ BEHEEIL906.8mMM & 572, ZD#%., 1M D NaOH %
MZTPpHZEN 7O ICHAELT, BEEL pH DEWICLZEEZBERT 570, WEBEECIZ 0.5
M NaCl &% (B8, pH =6.95-7.05) AW/, BRIC, KEX /Y7 BRERIL. 29/15mL
ERBDESIC205MNaClHAR (BIEAK) TERL, pHEZK 7.0 ICHAEL 7,

4 K 0HER%E (9:00-13:00). 7 v FoEREERR (0KM) ZAEL, Z0%, 05
MNaCl AR £ 7213 2g/M15mL &R B LD ICABLAZREZR YNNI ERRKR, £/ L7 I/ BE
Gk % 15mL/kgBW OBE CRAOKES L, Bk & 5I12#% 5 0.5, 1. 2. 3 FERICER ST,
FEBIRIMIR M % RKHE L 7=, MO Active GLP-1 2E %, BIRdD ELISA ¥ v b AW TAIE L

7=
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Table. 3-1 &1&E7 I /B
_ PROTEAMIN12 PROTEAMIN12  Amino acid

Amino— 9AAI00g 2 SRR TR mixtures

acids NERE RV /NIE!L _ _ _

mg in 15 mL mg in 15 mL mg in 15 mL

Ala (A) 36 1232 37.7 72.0
Arg (R) 6.7 184.5 56.5 134.0
Asn (N) - 0.0 0.0 125.6
Asp (D) 102 303 9.3 78.4
Cys (C) 11 35 11 22.0
Gln (Q) i 0.0 0.0 168.9
Glu (E) 175 15.3 4.7 181.1
Gly (G) 3.6 235.2 72.0 72.0
His (H) 22 78.2 23.9 44.0

lle (1) 43 89.6 27.4 86.0
Leu (L) 6.8 170.7 52.3 136.0
Lys (K) 5.6 117.6 36.0 112.0
Met (M) 11 65.0 19.9 22.0
Phe (F) 4.7 146.1 44.7 94.0
Pro (P) 4.9 159.5 48.8 98.0
Ser (S) 45 70.1 21.4 90.0
Thr (T) 3.2 75.6 23.1 64.0
Trp (W) 1.2 28.1 8.6 24.0
Tyr (Y) 3.8 8.6 26 76.0
Val (V) 4.2 1035 317 84.0

T ABERE X /878 (MP Biomedicals, #905456) 77 I / BRHERELRIETR, 2 FRE T I / BRELH

(Terumo Co. Ltd.) 77 = / BERHEAAESIER, 3HE T I / BREHF % Btk T 3.27 ZHR L 7=BEo
T3 /B, A BEIRAR O T 2/ B Ala (Wako, 018-01043) , Arg (Wako, 019-04611) |
Asn (L-7 R/8Z £ > —kM¥), Hh 74T X 2,03427-82) , Asp (Wako, 013-04832) , Cys (sigma,
C7352) , GIn (Wako, 074-00522) , Glu (Wako, 070-00502) , His (Wako, 086-00681) , lle (sigma,
I-7403) , Leu (Wako, 126-00851) , Lys (L-V > > —i&F&iE, Wako, 121-01462) , Met (sigma,
M5308) , Phe (Wako, 161-01302) , Pro ((#k) ~~7'F F#%RAT, 2718) , Ser (Wako, 197-00403) ,
Thr (Wako, 204-01322) , Trp (sigma, T-8941) , Tyr (Wako, 204-03561) , Val (sigma, V-0513) .

(A) B-conglycinin alpha subunit; GenBank Accession Number: BAE46788
1 MMRARFPLLL LGLVFLASVS VSFGIAYWEK ENPKHNKCLQ SCNSERDSYR
51 NQACHARCNL LKVEKEECEE GEIPRPRPRP QHPEREPQQP GEKEEDEDEQ
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PRPIPFPRPQ PRQEEEHEQR EEQEWPRKEE KRGEKGSEEE DEDEDEEQDE
RQFPFPRPPH QKEERKQEED EDEEQQRESE ESEDSELRRH KNKNPFLFGS
NRFETLFKNQ YGRIRVLQRF NQRSPQLQNL RDYRILEFNS KPNTLLLPNH
ADADYLIVIL NGTAILSLVN NDDRDSYRLQ SGDALRVPSG TTYYVVNPDN
NENLRLITLA IPVNKPGRFE SFFLSSTEAQ QSYLQGFSRN ILEASYDTKF
EEINKVLFSR EEGQQQGEQR LQESVIVEIS KEQIRALSKR AKSSSRKTIS
SEDKPFNLRS RDPIYSNKLG KFFEITPEKN PQLRDLDIFL SIVDMNEGAL
LLPHFNSKAI VILVINEGDA NIELVGLKEQ QQEQQQEEQP LEVRKYRAEL
SEQDIFVIPA GYPVVVNATS NLNFFAIGIN AENNQRNFLA GSQDNVISQI
PSQVQELAFP GSAQAVEKLL KNQRESYFVD AQPKKKEEGN KGRKGPLSSI
LRAFY

B-conglycinin alpha prime subunit; GenBank Accession Number: BAB64303

MMRARFPLLL LGVVFLASVS VSFGIAYWEK QNPSHNKCLR SCNSEKDSYR
NQACHARCNL LKVEEEEECE EGQIPRPRPQ HPERERQQHG EKEEDEGEQP
RPFPFPRPRQ PRQEGEHEQK EEHEWHRKEE KHGGKGSEEE QDGREHPRPH
QPHQKEEEKH EWQHKQEKHQ GKESEEEEED QDEDEEQDKE SQESEGSESQ
REPRRHKNKN PFHFNSKRFQ TLFKNQYGHV RVLQRFNKRS QQLQNLRDYR
ILEFNSKPNT LLLPHHADAD YLIVILNGTA ILTLVNNDDR DSYNLQSGDA
LRVPAGTTYY VVNPDNDENL RMITLAIPVN KPGRFESFFL SSTQAQQSYL
QGFSKNILEA SYDTKFEEIN KVLFGREEGQ QQGEERLQES VIVEISKKQI
RELSKRAKSS SRKTISSEDK PFNLRSRDPI YSNKLGKLFE ITPEKNPQLR
DLDVFLSVVD MNEGALFLPH FNSKAIVVLV INEGEANIEL VGIKEQQQRQ
QQEEQPLEVR KYRAELSEQD IFVIPAGYPV VVNATSDLNF FAFGINAENN
QRNFLAGSKD NVISQIPSQV QELAFLGSAK DIENLIKSQS ESYFVDAQPQ
QKEEGNKGRK GPLSSILRAF Y

B-conglycinin beta-subunit; GenBank Accession Number: BAB64306

MMRVRFPLLV LLGTVFLASYV CVSLKVREDE NNPFYFRSSN SFQTLFENQN
GRIRLLQRFN KRSPQLENLR DYRIVQFQSK PNTILLPHHA DADFLLFVLS
GRAILTLVNN DDRDSYNLHP GDAQRIPAGT TYYLVNPHDH QNLKIIKLAI
PVNKPSRYDD FFLSSTQAQQ SYLQGFSHNI LETSFHSEFE EINRVLFGEE
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351
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EEQRQQEGVI VELSKEQIRQ LSRRAKSSSR KTISSEDEPF NLRSRNPIYS
NNFGKFFEIT PEKNPQPRDL DIFLSSVDIN EGALLLPHFN SKAIVILVIN
EGDANIELVG IKEQQQKQKQ EEEPLEVQRY RAELSEDDVF VIPAAYPFVV
NATSNLNFLA FGINAENNQR NFLAGEKDNV VRQIERQVQE LAFPGSAQDV
ERLLKKQRES YFVDAQPQQK EEGSKGRKGP FPSILGALY

Fig. 3-1. Amino acid sequence of the subunit of 3-conglycinin, one of the major components

of soy protein.

Sequences of (A) B-conglycinin alpha subunit, (B) B-conglycinin alpha prime subunit, and (C) B-

conglycinin beta-subunit, with the number of amino acids residues are shown.

(A) glycinin A1bB2; GenBank Accession Number: BAC55938

]
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251
301
351
401
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51
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201
251
301

MAKLVLSLCF LLFSGCCFAF SFREQPQQNE CQIQRLNALK PGNRIESEGG
FIETWNPNNK PFQCAGVALS RYTLIRNALR RPSYTNAPQE IYIQQGNGIF
GMIFPGCPST FEEPQQKGQS SRPQDRHQKI YHFREGDLIA VPTGLAYWMY
NNEDTLVVAV SIIDTNSLEN QLDQMPRRFY LAGNQQQEFL QYQSQKQQGG
TQSQKGKRQQ EEENEGGSML SGFAPEFLEH AFVVDRQIVV RKLQGENEEE
EKGAIVTVRG GLSVISPPTE ERRQRPEEEE KPDCDEKDKH CQSQSRNGID
ETICTMGLRH NIGQTSSPDI FNPQAGSITT ATSLDFPALS WLKLSAQFGS
LRKNAMFVPH YNLNANSIIY ALNGRALVQV VNCNGERVFD GELQEGQVLT
VPQNFAVAAR SQSDNFEYVS FKTNDRPSIG NLAGANSLLN ALPEEVIQQT
FNLRRQQARQ VKNNNPFSFL VPPKESQRRYV VA

glycinin A-1a-B-x; GenBank Accession Number: AAA33966

MAKLVFSLCF LLFSGCCFAF SSREQPQQNE CQIQKLNALK PDNRIESEGG
LIETWNPNNK PFQCAGVALS RCTLNRNALR RPSYTNGPQE IYIQQGKGIF
GMIYPGCPST FEEPQQPQQR GQSSRPQDRH QKIYNFREGD LIAVPTGVAW
WMYNNEDTPV VAVSIIDTNS LENQLDQMPR RFYLAGNQEQ EFLKYQQEQG
GHQSQKGKHQ QEEENEGGSI LSGFTLEFLE HAFSVDKQIA KNLQGENEGE
DKGAIVTVKG GLSVIKPPTD EQQQRPQEEE EEEEDEKPQC KGKDKHCQRP
RGSQSKSRRN GIDETICTMR LRHNIGQTSS PDIYNPQAGS VTTATSLDFP
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(E)
1

ALSWLRLSAE FGSLRKNAMF VPHYNLNANS I[I'YALNGRAL IQVVNCNGER
VFDGELQEGR VLIVPQNFVV AARSQSDNFE YVSFKTNDTP MIGTLAGANS
LLNALPEEVI QHTFNLKSQQ ARQIKNNNPF KFLVPPQESQ KRAVA

glycinin ASA4B3; GenBank Accession Number: BAA74953

MGKPFTLSLS SLCLLLLSSA CFAISSSKLN ECQLNNLNAL EPDHRVESEG
GLIQTWNSQH PELKCAGVTV SKLTLNRNGL HLPSYSPYPR MIIAQGKGA
LGVAIPGCPE TFEEPQEQSN RRGSRSQKQQ LQDSHQKIRH FNEGDVLVIP
PGVPYWTYNT GDEPVVAISL LDTSNFNNQL DQTPRVFYLA GNPDIEYPET
MQQQQQAKSH GGRKQGQHQQ EEEEEGGSVL SGFSKHFLAQ SFNTNEDIAE
KLQSPDDERK QIVTVEGGLS VISPKWQEQQ DEDEDEDEDD EDEQIPSHPP
RRPSHGKREQ DEDEDEDEDK PRPSRPSQGK REQDQDQDED EDEDEDQPRK
SREWRSKKTQ PRRPRQEEPR ERGCETRNGV EENICTLKLH ENIARPSRAD
FYNPKAGRIS TLNSLTLPAL RQFQLSAQYYV VLYKNGIYSP HWNLNANSVI
YVTRGQGKVR VVNCQGNAVF DGELRRGQLL VVPQNFVVAE QAGEQGFEYI
VFKTHHNAVT SYLKDVFRAI PSEVLAHSYN LRQSQVSELK YEGNWGPLVN
PESQQGSPRV KVA

glycinin A2B1a; GenBank Accession Number: CAA68460

MAKLVLSLCF LLFSGCFALR EQAQQNECQI QKLNALKPDN RIESEGGFIE
TWNPNNKPFQ CAGVALSRCT LNRNALRRPS YTNGPQEIYI QQGNGIFGMI
FPGCPSTYQE PQESQQRGRS QRPQDRHQKVY HRFREGDLIA VPTGVAWWMY
NNEDTPVVAV SIIDTNSLEN QLDQMPRRFY LAGNQEQEFL KYQQQQQGGS
QSQKGKQQEE ENEGSNILSG FAPEFLKEAF GVNMQIVRNL QGENEEEDSG
AIVTVKGGLR VTAPAMRKPQ QEEDDDDEEE QPQCVETDKG CQRQSKRSRN
GIDETICTMR LRQNIGQNSS PDIYNPQAGS ITTATSLDFP ALWLLKLSAQ
YGSLRKNAMF VPHYTLNANS II'YALNGRAL VQVVNCNGER VFDGELQEGG
VLIVPQNFAV AAKSQSDNFE YVSFKTNDRP SIGNLAGANS LLNALPEEVI
QHTFNLKSQQ ARQVKNNNPF SFLVPPQESQ RRAVA

glycinin A3B4; GenBank Accession Number: BAA74952

MGKPFFTLSL SSLCLLLLSS ACFAITSSKF NECQLNNLNA LEPDHRVESE
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51 GGLIETWNSQ HPELQCAGVT VSKRTLNRNG LHLPSYSPYP QMIIVVQGKG

101 AIGFAFPGCP ETFEKPQQQS SRRGSRSQQQ LQDSHQKIRH FNEGDVLVIP

151 PGVPYWTYNT GDEPVVAISL LDTSNFNNQL DQNPRVFYLA GNPDIEHPET

201 MQQQQQAKSH GGRKQGQHQQ QEEEGGSVLS GFSKHFLAQS FNTNEDTAEK
251 LRSPDDERKQ IVTVEGGLSV ISPKWQEQED EDEDEDEEYE QTPSYPPRRP
301 SHGKHEDDED EDEEEDQPRP DHPPQRPSRP EQQEPRGRGC QTRNGVEENI
351 CTMKLHENIA RPSRADFYNP KAGRISTLNS LTLPALRQFG LSAQYVVLYR

401 NGIYSPHWNL NANSVIYVTR GKGRVRVVNC QGNAVFDGEL RRGQLLVVPQ
451 NFVVAEQGGE QGLEYVVFKT HHNAVSSYIK DVFRLIPSEV LSNSYNLGQS

501 QVRQLKYQGN SGPLVNP

Fig. 3-2. Amino acid sequence of the subunit of glycinin, one of the major components of
soy protein.
Sequences of (A) glycinin A1bB2, (B) glycinin A-1a-B-x, (C) glycinin ASA4B3, (D) glycinin A2B1a,

and (E) glycinin A3B4, with the number of amino acids residues are shown.

3-2-18. BLFtEENT

T —XIEFE + SEM THE L 7z, HatEATICIE JIMP Pro version.16.1.0 software (SAS
Institute, Inc., Cary, NC, USA) Z A\ 7=, METHABEEIL. —TREESHO . ZTEES#D
Mo E7-EFEBEEIBEAVWESGET LEZAVTIEHMEL 7z, FHERORTNAEREIL.
Dunnett's test, Student’s-ttest. paired-ttest. Tukey Kramer'’s test, Bonferroni’s test |Z X > TR

E L7 TNTOENICENT, p<0.05 ZHENICER E A% LT,
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3-3. fER

3-3-1. AIN-93G BIHl# 5 X /-5 v F DEREEL.SZEH

¥9. BRICLZ2EBROE(CZIRAL L 72, 0 FFREIRF R (REEIKAR) OBERRIFIERET
36.08 +0.10°C, FE#5EHAf T 35.86+£0.05°CT. BHDEME RP T < §27-0(2, HRIFERIR
RENLDENR (AEBR) &L TRLE, v FH AIN-93G & (0-1 B/, 1.77+£0.21g; 1-2 i
. 0.80+0.229; 2-3 K. 0.63+0.28g) ZEImL7-L Z A, EBRNERICERL (0.4°C),
Z D ERIE 3 BEE £ TSN (Fig. 3-3A), — /. B CIIBRRIIENL L AN -7, O-
3 BR% iR TEE (areaunderthe curve; AUC) (AAUC) B #REEEEI CHEEICE D » 7 (Fig.

3-3B; Fasting, 0.03 + 0.23°C*3 h; Refeeding, 0.92 + 0.18°C*3 h),

3-3-2. SAREFDEORESZ v FDEBRICRIFTEE
RIZ, BRABREBROROKRSICHNT 2EBROE( TR LT, EHOU —DRER
(hEA v, TRRAMIY KEH) DIb, hEA VTN TRTCOBIATERBREZER
F ¢ (Fig. 3-3C; #70.1-0.6°C). £ ® AAUC (£7 ¥ X + 1) > (0.16 +£0.14°C*3 h) > K= H (0.20

+0.07°C*3h) LW HEBICEN 57 (Fig. 3-3D; 1.06 + 0.07°C*3 h).
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Fig. 3-3. Feeding and protein administration increase the rectal temperature in rats. (A)
Changes in rectal temperature (ARectal temperature, n = 6) after refeeding or continued fasting in
5 h-fasted rats and (B) its AUC (AAUC). (C) Changes in rectal temperature after oral administration
of isocaloric casein (2 g/kg), dextrin (2 g/kg), or soybean oil (0.89 g/kg) solution in 4 h-fasted rats
and (D) its AUC (n = 6). Values are expressed as the mean £ SEM. In (A, C), plots with asterisks
(*) show significant differences compared with 0 h values within each treatment (*p < 0.05 and **p
< 0.01, Dunnett’s test). # symbols and different letters indicate significant differences between the
treatments (A and B, crossover design, #p < 0.01, paired t-test; C and D, crossover design, p <

0.05, Bonferroni’s test).
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3-3-3. Zv FDEGRICRIFTHA LB /YO EDZE
BT LA BEORRE /0B (Wt v, RITA, K I, KE) BTN TROEK
5% 05 KA CEBRRZH 0.3-04°CERF X ¥7 (Fig. 3-4A), T D%, KXV I EET v T
BEFa EFIZRAIET LD, RIA X0 %E57 y FTIIROKS 3 BEZE CEBRR
EEMHEEINT, HEA Y BTALTIVELVREL /0 Tld, BEREIBOKREE 1K
FTE—7ICF LT, Z DB AEA Y BLUMT LT I Vv REBOERBRIIIRA ITIET LA
RELZ VO EESHTIIROKS 3 BE%Z F CBERR LR IZHRFS 7z, AAUC (Fig. 3-4B) #°
TELIIC, REZ VNI BARLEWVESKRRERIERAZ R L
AloEBE T, RKEX VX VEITAERENICERR S ZD AAUC = FREH7- (Fig.
3-4C, D), D4 DD XN TEICDOVWTHAEKREFENERIGHERRE ST (Fig. 3-5), BElFR

“ PRI LERANRLEN 77O LUEORBRTIEIRE X v /X0 BE% 2g/kg DBAE THW:,
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Fig. 3-4. Among dietary proteins, rectal temperature is increased in a dose-dependent
manner and to the greatest extent by soy protein. (A) Changes in rectal temperatures after oral
administration of different dietary proteins (2 g/15 mL/kg) in 4 h-fasted rats and (B) its AUC (n = 5-
6). (C) Changes in rectal temperatures after oral administration of different soy protein doses (1 or
2 g/kg) or water (control, 15 mL/kg) in 4 h-fasted rats and (D) its AUC (n = 8-9). Values are
expressed as the mean + SEM. Different letters indicate p < 0.05 between treatments by Tukey’s
test. The p values of the mixed model with unstructured covariance are shown in each panel (A,
C). In (C), plots with asterisks (*) show significant differences compared with 0 h values within each

treatment (**p < 0.01, Dunnett’s test).
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o— Control Treatmment: p < 0.01
—o0— 1 g/kg Egg albumin Time: p < 0.01

1 a— 2 g/kg Egg albumin Treatment x Time: p < 0.05
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Fig. 3-5. Dose-dependence of various oral proteins on rectal temperature increase. Changes
in rectal temperatures after oral administration of different protein doses (1 or 2 g/kg) or water
(control, 15 mL/kg) in 4 h-fasted rats and its AUC. (A, B) Casein. (C, D) Whey protein. (E, F) Rice
protein. (G, H) Egg albumin. n = 8-9, respectively. Values are expressed as the mean + SEM.
Different letters indicate p < 0.05 by Tukey’s test. In (A, C, E, G), the p values of the mixed model
with unstructured covariance are shown in each panel, and plots with asterisks (*) show significant
differences compared with 0 h values within each treatment (*p < 0.05 and **p < 0.01, Dunnett’s

test).
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3-3-4. XEX/WIOEICL BEL R FFICHT B IEZERIIBAR 77> X T=X N
DEE

RIZVNRVBICLZ2EBRLERICBAT AES L TWAZ EZHANSD -0, IEERDN
BAR 7V RIAZR+THBH 7077/ 0—LE2AW, RKEZV/XVEIX7077 / 0—)LILE
DEEICELLTERRZ EREXE7 (Fig. 3-6A, B), A7 7/ O— LB EERIFIERRICE
A 5z75h -7 (Fig. 3-6C, D)y 7AZZ ./ O—ILOEEARKSIZ/ LIEXT7UVICLDE
R EEE+o1cIE L7z (Fig. 3-7).

IHIC, FIMREH X Z B UVT IBAT OEBREREZAE L. BAT OB5 %7,
BAT OXREREIX, /LI X7 U YETRS1KEgEE—7ICERICER (1.0°C) L (Fig.3-
8). AEEAEILINETICHE SN TLW S % (Oelkrug and Mittag 2021) & BigtEn % 5 =

EPNTRENTZ, — A REZ /0 BOROKS T IBAT XKEEE X EF L4 h - 7= (Fig. 3-9),

3-3-5. AEZ /O EBDRORESNZ v F DESBEEXREREICRIFTEZE

7y M, BARECIEREEOMENEEZS R L, BEEEBVTEREEZ —E
IZIRD, TORIGICIE. RREBBRED /LT FLF U FEENL—EREES L TW5 (Ishikawa
2008; Rand et al. 1965), AHIZRICEWNT, T b % 22°COELEH » 18°CHOEEC 0.5 FFfEI &)
SHiE A EEREXREEEIL513+£0.70°CIEET L7 (Fig. 3-10) #°. THIFEIEE DM
BElfezRRL TWB EEZ NS, RIS, REXAVAXIVBICLZ2ERED LREN, MEYHEIC
£ ABEOIF ZN L TR 2 T2 I/WRA E D A ZRAEL 7=, Fig. 3-11 ISRT LIS, KREX YV
Ny EROBRS%HRHEEREREIL 27.5-205°COHHEICE LK FE ) R—R T4 VRE (27.47

+0.37°C) h'oETLAD 7
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Fig. 3-6. Effects of B-AR antagonist, propranolol, on the thermic effect of soy protein. (A-D)
Propranolol (3 mg/kg) or its vehicle (saline) was intraperitoneally injected at a dose of 1 mL/kg
immediately after oral administration of (A, B) soy protein (2 g/kg) or (C, D) water (control, 15 mL/kg)
in 4 h-fasted rats. (A, C) Changes in rectal temperatures and (B, D) its AUC (n = 5). Values are
expressed as the mean + SEM. Plots with asterisks (*) show significant differences compared with
0 h (baseline) values within each treatment (*p < 0.05 and **p < 0.01, Dunnett’s test), and
comparisons between treatments were performed using Student’s -test. The p values of the mixed

model with unstructured covariance are shown in each panel (A, C).
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Fig. 3-7. Nonselective B-AR antagonist abolishes norepinephrine-induced increase in rectal
temperature. Propranolol (3 mg/kg) or its vehicle (saline) was intraperitoneally injected at a dose
of 1 mL/kg immediately after subcutaneous administration (1 mL/kg) of norepinephrine (0.3 mg/kg)
in 4 h-fasted rats. (A) Changes in rectal temperatures and (B) its AUC (n = 6). Values are expressed
as the mean * SEM. Plots with asterisks (*) show significant differences compared with baseline
values within each treatment (**p < 0.01, Dunnett’s test), and comparisons between treatments
were performed using Student’s t-test (*p < 0.01). The p values of the mixed model with

unstructured covariance are shown in the panel.
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Fig. 3-8. Subcutaneous norepinephrine increases iBAT surface temperature of rats. (A) iBAT
surface temperatures before and after subcutaneously injection of saline (control, 1 mL/kg) or 1
mg/kg norepinephrine in 4 h-fasted rats (n = 5-6) and (B) representative infrared pictures from video
recordings before and 1 h after the injection (upper row, control; lower row, norepinephrine). Values
are expressed as the mean £ SEM. Plots with asterisks (*) show significant differences compared
with baseline values within each treatment (*p < 0.05 and **p < 0.01, Dunnett’s test), and
comparisons between treatments were performed using Student’s t-test (*p < 0.01). The p values

of the mixed model with unstructured covariance are shown in the panel.
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Fig. 3-9. Oral soy protein did not increase iBAT surface temperature of rats. (A) iBAT surface
temperatures of 4 h-fasted rats before and after oral administration of water (control, 15 mL/kg) or
2 g/kg soy protein (n = 5). Values are expressed as the mean + SEM. Significant differences
compared with 0 h (baseline) values within each treatment (Dunnett’s test), and comparisons
between treatments were performed using Student’s t-test. The p values of the mixed model with
unstructured covariance are shown in the panel. (B) Representative infrared pictures from video

recordings, for measurement of iBAT surface temperature, before and after oral administration
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(upper row, control; lower row, soy protein).
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Fig. 3-10. Mild cold exposure lowers the tail skin surface temperature of rats. One group of 4
h-fasted rats was moved into a room at 18°C from a room at 22°C, while the other group was placed
in a room at 22°C. (A) Tail skin surface temperatures before and 0.5 h after treatments (n = 6) and
(B) representative infrared pictures (upper row, 22°C group; lower row, 18°C group). Values are
expressed as the mean + SEM. Plots with asterisks (*) show significant differences compared with
baseline values within each treatment (*p < 0.05 and **p < 0.01, Dunnett’s test), and comparisons

between treatments were performed using Student’s t-test (*p < 0.01).
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Fig. 3-11. Heat loss from the tail skin surface is not involved in the thermic effect of soy
protein. (A) Tail skin surface temperatures of 4 h-fasted rats before and after oral administration of
water (control, 15 mL/kg) or 2 g/kg soy protein (n = 6). Values are expressed as the mean + SEM.
Significant differences compared with 0 h (baseline) values within each treatment (Dunnett’s test),
and comparisons between treatments were performed using Student’s f-test. The p values of the
mixed model with unstructured covariance are shown in each panel. Representative infrared
pictures, for measurement of tail skin surface temperature, before and after oral administration

(upper row, control; lower row, soy protein).
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3-3-6. XEX>/WWIOEHICLBZ v FEBRELFICHEIISHEILEFNE> DESF
AKERZRVNRIBILLPEBRERITEMCERILEVHPESL TWAAEEZIRETT 57
W, BADELERLVEVYZREBEERZAW -, RKEX VY vExROKE L, £EBRIEKE
EREAKRE L7y Md, 0.5-2 BFEIOER RS 0-3 BfEld AAUC 2B EICER B2, KE
ZURIBEDZDFRIFGLPIR 7> XA FTH 5 Ex9 DR EIZL Y TLITEKL L7 (Fig.
3-12A,B), EXQ 5 BHIZEBRICHEL 5X Rh > 12, HEBHIC, GIP, CCK-A £72I1X PYY %
BRI T BEEHF (2N ZN GIP(7-30)-NHz. Dvz, BIE) ##&5LCTH, KEX Y /S EICK
B0 EFIZIME Eniahr -7z (Fig. 3-12C-H), S5, INoD 72 I MEEIL,

Control / Vehicle £ & FIFRIC. ZDH D DB BEIKRIZERGRICEEA 5 X h -7,

3-3-7. 7 FDGLP-1 HBICRIFTAER /YO EDZE
Fig. 3-12 (SR L/cfER ERERIC. Ex9 DEEAKR S5 I1E. KEX /X7 EDOROKS 0.5
HFEPLO 1 FRERICEIT2BEHRO EF. X0 01 BEICE T2 AAUC O EF 2% L 72
(Fig. 3-13A,B), FPIfRIMEEH D Active GLP-1 2 L. EX9 BEDEEICAN DL T, KE X /X

JBROKS%1BETER L (p<0.05, 2-way ANOVA ; Fig. 3-13C),
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G —o— Control / Vehicle H Soy: p < 0.01
—o— Soy protein / Vehicle BIIE: p=0.54
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Fig. 3-12. GLP-1R antagonist abolishes soy protein-induced increase in rectal temperature.
Various receptor antagonists (A, B, 30 nmol/kg Ex9; C, D, 6.9 nmol/kg GIP (7-30)-NHy; E, F, 222
pmol/kg Dvz; G, H, 653 nmol/kg BIIE) or their vehicle was intraperitoneally injected at a dose of 1
mL/kg immediately after oral administration of soy protein (2 g/kg) or water (control, 15 mL/kg) in 4
h-fasted rats. (A, C, E, G) Changes in rectal temperatures and (B, D, F, H) its AUC (n = 6-7,
respectively). Values are expressed as the mean + SEM. Plots with asterisks (*) show significant
differences compared with 0 h values within each treatment (*p < 0.05 and **p < 0.01, Dunnett’s
test). Different letters indicate p < 0.05 between treatments by Tukey’s test. The p values of two-

way ANOVA are shown in each panel (B, D, F, H).

103



Soy: p<0.05
067 Ex9:p=0.09
Soy x Ex9: p < 0.05

—o— Control / Vehicle
—o0— Soy protein / Vehicle
—a— Control / Ex9 i.p.

0.5 5 —&— Soy protein/Ex9i.p.

k%

0.4 1

°a

N w
M "

ARectal temperature AUC (°C*1 h)

-04
Soy — + - +

o o o o©
-

o

ARectal temperature (°C)

'
(=]
'_\

Ex9 — — + o+

15 - Soy: p <0.01
Ex9: p=0.10
Soy x Ex9: p=0.74
12 1 13
& -
- 99
o
— [ ]
]
2
= L]
2 ]
. ﬁ
0 T T
Soy — + - +
Ex9 — - + +

Fig. 3-13. Oral soy protein stimulates GLP-1 secretion with or without GLP-1R antagonist
treatment. Ex9 (30 nmol/kg) or its vehicle (saline) was intraperitoneally injected at a dose of 1
mL/kg immediately after oral administration of soy protein (2 g/kg) or water (control, 15 mL/kg) in 4
h-fasted rats. (A) Changes in rectal temperatures and (B) its AUC (n = 6-7). (C) Active GLP-1
concentrations in portal vein plasma 1 h after oral administration of test solutions. Values are
expressed as the mean + SEM. Plots with asterisks (*) show significant differences compared with
0 h values within each treatment (**p < 0.01, Dunnett’s test). Different letters indicate p < 0.05
between treatments by Tukey’s test. The p values of two-way ANOVA are shown in each panel (B,

C).
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3-3-8. AB X /WO HDEOWRES VO ICRIFTHZESEL GLP-1 > 2 FILDESE

RERVNRIBNTXNF —HEEZENS LN EI D ERARD-DIC, VO, & BIFE
FETAEL, SNEEIIHABAROXELZZ TS 2 &h b, AR TIZBA (ZT5) ICROK
5#xEH L, %5% 0-3 KM (ZT5-8) OTF —REMITHRE LTz, BREL T, TDEEFERET
ERD T KEZVINVBED Ty F~DOROKE X5 HEEEZIH T 2@ H - 7= (Fig.
3-14A), Fig. 3-14B (TRT £ D 12, VO IEBMEHEDEIE & HITBML. BOKSHOEER
Z v b TIZEOEBEEFORIBERNE SN (y=9.5703x +445.45,n=80,R?=0.83,p<0.01),
ZORBEREAVT, [3-2-13. BRHEEL SHREHEDOATE (UEEXFEREFHITHRIC
£HE) | ICEREH D ETEE S 7z AVO, (thermogenesis) (&, O b A — LB L LR L TRE X
YRy ROKSE 1, 2, 3BREETEREICE < (Fig.3-15A), BEATTAMBITICL Y RE R/
DHEBBRMENMREES NS (p<0.05), £7/-. KEX /XU EERS5EHTIE 0-3 BEEO VO,

(thermogenesis) DZELIZXF$ % AUC #° 3 > b O —LEEICHANTEEICE D - 7= (Fig. 3-15B),

RIS KEZ Y /X7 BICE D T3V F—HBEMNICE TS GLP-1 & 7 F L DS Z1RET
L7zo ASBRBBAE (ZT5) (TS5 EEML. KR5% 0-3 K (ZT5-8) 0T — X MITHRE L
7-o BEEEBHEIL EX9 HEOEFEICHIPDOTEREREIL RN, -7 (Fig.3-14C), AVO;

(thermogenesis) (. ROKSREIDER T v MIHBITZEOHEEZF OERERICEDOWTETE
L7 (y=9.8341x + 412.85,n=77,R2=0.54, p < 0.01; Fig. 3-14D), Ex9 #53, KE X/
BHEWE VO BME R S8 CBEET VLS Ex9 D3R, p<0.05; Fig. 3-15C), ZD#E=

FEBETIRAA57=A (p=0.12. paired t-test, Fig. 3-15D). AAUC |F Ex9 B 5B CIEH - 7=,
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Fig. 3-14. Physical activity and correlation between oxygen consumption (VO3). (A, B) Soy
protein (2 g/kg) or water (control, 15 mL/kg) was orally administered in 4 h-fasted rats. (C, D) Ex9
(30 nmol/kg) or its vehicle (saline) was intraperitoneally injected at a dose of 1 mL/kg immediately
after oral administration of soy protein (2 g/kg) in 4 h-fasted rats. (A, C) Physical activity after
administration (A, n = 6; C, n = 5). Values are expressed as the mean + SEM. Comparisons
between treatments were performed by paired t-test (crossover design). (B, D) Correlation between

physical activity and VO in rats before and after administration. In (B), crosses are the data from
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fasted (before administration) rats, and open and gray circles indicate the data from water-
administered or soy protein-administered rats, respectively. In (D), crosses are the data from fasted

(before administration) rats, and open and gray circles indicate the data from saline-injected or

Ex9-injected rats, respectively.

107



100 1
—o— Control Soy: p <0.05 °
_ Time: p = 0.24 80 1 o
30 —9—Soyprotein gqy x Time: p = 0.96 S 60 -
<=
—_ ] g J
g R 20 % E" 40 o
£E 10 1 5 2071 °
oD o g
o = o=
EZ o En O - :
ég f:SE‘ -20 A T
SE0 1 SE 1
= % -40
a
-20 60 4 . .
-30 T T " -80 T .
0 1 2 3 Control  Soy protein
Time (h)
100 1
—o— Soy protein / Vehicle )
, , S _ 80 *
—e— Soy protein / Ex9 i.p. <z
30 . p=0.12
@i 60 A _—
O K
— = <
@ 2 40 =
8 g = .
c Z =W
X, gc 207
= ==
En sE 0
[l o=
£9 2 )
SE -20 | Ex9: p < 0.05 -20 : .
> Time: p = 0.68 = <
< 30 Ex9 x Time: p = 0.90 £3 ga
e o)
40 : =3 =
0 1 2 3 n %}
Time (h)

Fig. 3-15. Oral soy protein increases oxygen consumption (VOz) via GLP-1 signaling. (A, B)
Soy protein (2 g/kg) or water (control, 15 mL/kg) was orally administered in 4 h-fasted rats. (C, D)
Ex9 (30 nmol/kg) or saline (1 mL/kg) was intraperitoneally injected immediately after oral
administration of soy protein (2 g/kg) in 4 h-fasted rats. (A, C) The changes of thermogenesis from
pre-administration [AVO2 (thermogenesis)] and (B, D) its AUC during 0-3 h post-administration are
presented. Values are expressed as the mean + SEM. #p < 0.05 and #p < 0.01 by paired t-tests
between treatments (crossover design). The p values of the mixed model with unstructured

covariance are shown in each panel (A, C).
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3-3-9. Glp1r KO YO RICE I} B Bug x> /Y2 EFEOR S H ELRICRIFT ZE

REZVNRVBOBEBREEERICHEITS GLP-1 ¥/ FILOBE5% & 5 ICRIET 57-
B2, Glplr KO ¥ 7 2% B, WT ¥ 72Tl (Fig. 3-16A, C). KEX /X7 &% 2 glkg #%
AE5Y 2L 1 FERSLIV 2HFRABROEBRNERICEREL, £0 AAUC [0 O —LE
FYVHBEIZEDN 72 —H. GlpIrKO ¥ 7 R TlE, KEZ /7 BOROKESICL Y ERRIL
L2489 (Fig.3-16B). M AAUC |z~ b O— LB L EM A 7= (Fig. 3-16D), PIAR I+
O Total GLP-12E1d. WT 5L U GIpIrKO ¥ 7 X & HICKE R /37 BROKS 1 BR%ICE
BICEEZ L7 (Fig. 3-16E, F),

GLP-1 7 AAMED R /X BICL > THEEINIERRLFICLESELTWAENE
INEIRIT D7D, KRIZA X NR7BEBVWTEKORBZREEEBLT, mITA XV /0E%
29/kg BOKET 5L . GlpIrKO ¥V R TIEEDEATHERRIZFER LA > 7-H' (Fig. 3-17B,

D). WT 7 XTlE1 L 2 @B cERBENERICER L7 (Fig. 3-17A, C),
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Fig. 3-16. GLP-1R is essential for the increasing effect of soy protein on rectal temperature.
Changes in rectal temperatures after oral administration of soy protein (2 g/kg) or saline (control,
20 mL/kg) and its AUC in (A, C) wild-type (WT) C57BL/6J mice (n = 8) and (B, D) Glp1r KO mice
(n = 12, crossover design) fasted 5 h. Total GLP-1 concentrations in portal vein plasma 1 h after
oral administration of test solutions in (E) WT mice (n =6) and (F) Glp1r KO mice (n = 5). Values
are expressed as the mean + SEM. In (A, B), plots with asterisks (*) show significant differences
compared with 0 h values within each treatment (*p < 0.05 and **p < 0.01, Dunnett’s test), and
comparisons between treatments were performed using (A) Student’s t-test (*p < 0.01) or (B)

paired t-test. *p < 0.05 and **p < 0.01 by (C, E, F) Student’s t-test or (D) paired t-test.
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Fig. 3-17. GLP-1R is involved in the whey protein-induced increment of rectal temperature.
Changes in rectal temperatures after oral administration of whey protein (2 g/kg) or saline (control,
20 mL/kg) and its AUC in (A, C) WT mice (n = 8) and (B, D) Glp1r KO mice (n = 6) fasted 5 h.
Values are expressed as the mean + SEM; those of the control group of WT mice are the same as
Fig. 3-14. In (A, B), plots with asterisks (*) show significant differences compared with 0 h values
within each treatment (**p < 0.01, Dunnett’s test), and comparisons between treatments were

performed using Student’s t-test (*p < 0.01). (C, D) **p < 0.01 by Student’s t-test.
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3-3-10. Z v FIcE I3 DPP-4 [AZERIREVABE X > /0 BDIEFICRIFT ZE

Ex9#% 57 v b LU Glpir KO ¥ 7 XDERD B, WEME GLP-1 OIBIMAKZ X /3
JEICLPBERREAEERT SAEEEZR Lz, £9. BOKS T DPP4 AEWRZRT
DPP-4 [HEAI > &7 7F > OIf#EF GLP-1 BE~NDOFE R L1, ¥ &7 7F U E&gS
D7y bTIE MEEF GLP-1 BEIFAE R /87 BO#KS5 0.5, 1. 2 BRE% T&RESRT (0 )
B LTERICER L (Fig. 3-18A),

Zv MY &7V TF o aRiRs L1zima, MEF Active GLP-1 BE I X /X7 Eixs
Aric LR L (Fig. 3-18A). FiTHIZE (Shimizu et al. 2021) T/R& L7z MiEH DPP-4 SEHDET
FIC Active GLP-1 2EN I L -5 R & — L 72, KSRV /7 BOROKSE%, miEh GLP-
1RBEIZ05BREITESE (0RKM) LHERLTERICERE L, Y27V TFroFilE% L7:
RELZ Y RBROKBEETIE 2BE2KB 13O GLP-12EAY 27U 7'F ¥ KRB
SRVNVERERL)BBRICEN 2T, REXVYANVEOROKSIL, 27V TF s
DEEIIIDDLT. AR UmibEREL BN -7 (Fig. 3-19),

RICKERVIRVBICEPERRERICNT 2270 7F U REDOHBEZIRIEL 7=,
2 RS (BERRE) oBEBRIE. 27U 7F %587 36.10+£0.09°C. Vehicle % 58T
36.07+0.15°C, 0 KRR COERRIE. X7V 7F &% 58T 35.95+0.05°C, Vehicle %5
T 3598 £+ 0.16°CTH Y., YR ITVTFUEEDBREICANMDLOLT, KELX Y/ \vEERESRF
TICEBRRICBEREBIER NG 2Tz YR TUTFUagiRELI7y M &7V
FrEZBSELTVWARWT Y PEYHRERX VAV EICHT 2ERRRIGHK SN -7 CREET L
IC&B2 27U TFrosmE, p<0.05, Fig.3-18B), & HiZ, 27 7F & 58D 0-3 B
DEBFREND AUC 13> 27 7F o EEE58 LY b ARICEN > 7 (Fig. 3-18C),

IoIC, mKAKEY (TFAMVY) BLUERE (K2H) B5ICL2ERRE(ICHT
BRIV TFUDEEERIL LT, YR TU TTFURET T TER Y VREAOKSH. 0.5 K
MTEBENESHE B L TERICER L (Fig. 3-18D), LA LAEA S, WIhoORE, *

7= 0-3EIICHIT B AAUC 1B WTh, Bl 27V T7FoBREDEE) ITHEEEZITZOON
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o7z (Fig. 3-18E), & HIZ, KERIIT R I FFUREOBEIIAIPHOLTEREE LR
XA o7 (Fig.3-18F, G), £7-. ¥ 27U 7F VB ER L EFGRICEE L 5 X 70 h - 7= (Fig.

3-18H, ),
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Fig.3-18. DPP-4 inhibition enhances the rectal temperature-elevating effect of soy protein.
Sitagliptin (50 mg/kg) or water (5 mlL/kg) was administered orally at 2 h before the oral
administration of soy protein (2 g/kg) or water (control, 15 mL/kg) in rats fasted for 2 h. (A) Active
GLP-1 concentrations in tail vein plasma (n = 6-7). Changes in rectal temperatures and its AUC
during 0-3 h in rats orally given (B, C) soy protein (2 g/kg), (D, E) dextrin (2 g/kg), (F, G) soybean
oil (0.89 g/kg), or (H, I) water (15 mL/kg) with or without 50 mg/kg sitagliptin treatment (B-E, n = 7;
F-1, n = 6). Values are expressed as the mean + SEM. In (A, B, D, F, H), plots with asterisks (*)

show significant differences compared with 0 h values within each treatment (*p < 0.05 and **p <
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0.01, Dunnett’s test), and different letters or symbols indicate p < 0.05 between treatments by
Tukey’s test or Student’s t-test. In (C, E, G, I), *p < 0.05 by Student’s t-test. The p values of the

mixed model with unstructured covariance are shown in each panel (B, D, F, H).
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Fig. 3-19. Oral soy protein and DPP-4 inhibition did not affect insulin levels. Sitagliptin (50
mg/kg) or water (5 mL/kg) was administered orally at 2 h before the oral administration of soy
protein (2 g/kg) or water (control, 15 mL/kg) in rats fasted for 2 h. Insulin concentrations in tail vein
plasma were measured (n = 6-7). Values are expressed as the mean + SEM. No significant
differences were detected within (vs. 0 h, Dunnett’s test) and between treatments (Tukey’s test),

respectively.
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3-3-11. 7I/EBESREORSEZ v F DELG@, EEFMLF GLP-1 ~NDZZE

BEFELELTOR Y INVBET I/ BOBVWICLI2EBEESH~OFELRTT 57-
WIZ, REX VN7 BARROERICHEET 27 2/ BEAARKR (29/15mL) %#&EO% S L 7=, Fig.
3-20A ICRE LD IS, RELZ /7B IFROKSE 05, 1 FEBROERAZRESALVERICER
I, 05 1. 2FEETCOY PR LERL TAERICEVERRZ " LT, — A, 7 /B
BAEREESTCIIEBRDBER EFIZAON AL 2Tz, KEXV/XVERERO AAUC (ZT3 >
O—LELVERICE,I 272 T/ BESRESEH IO PO LB ERER VX VEBEERS
HohMofE%ERL7 (Fig. 3-20B),

Fig. 3-20C |ZR$ & 5 12, BEARMT Active GLP-1 2 (X, 2> FA—LETO05, 28
D EFIRME S Active GLP-1 EEA ISR LR L TERICEML., KEX v\ BRER
TIE 1. 2. 3 K% D Active GLP-1 BEABERICEM L7z, 512, 7T/ BESKRESET
3. R=RTAVEHRT D & IFEEDADBERBLIEMTH >7cH §XTDXA LKA b

CTHEAUERICH - 7=, 0-3 BEEID AAUC ICB B ABRZIIA2 A -7 (Fig. 3-20D).,
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Fig. 3-20. Effects of the amino acid mixture on the rectal temperature and active GLP-1
concentrations in tail vein plasma. (A) Changes in rectal temperature (ARectal temperature)
after oral administration of soy protein (2 g/kg), amino acid mixture, or their vehicle (15 mL/kg) in 4
h-fasted rats and (B) its AUC (AAUC). (C) Active GLP-1 concentrations in tail vein plasma before
and after oral administration of test solutions, and (D) AUC of the changes in active GLP-1
concentration (AAUC). Values are expressed as the mean + SEM (n = 8-9). Plots with asterisks (*)
show significant differences compared with 0 h values within each treatment (*p < 0.05 and **p <

0.01, Dunnett’s test). Different letters indicate p < 0.05 between treatments by Tukey’s test.
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34, E8R

BEEMER VX BTN BAEEER%Z Y H (Scott and Devore 2005; Karst et al.
1984; Tappy 1996). ZDIRE L BB A DX LIFALMIEINTWAEL, KRR TIE, /87
BEICLY 2R RES N ELERILEY TH S GLP-1 ¥, ORI AEILERILE
~ (GIP, CCK. PYY) W"EREEMEL VRV BOREEFRICESEL TWEINEI D ZRIF LT, £
DFER, REZY /U BOROKSIE, GLP1 >/ F AN L TEBRE T LF—HEAX LR
SEDHZEERH LI, INHDERIE. GLP-1 O L WABMERIZIREL, REKHR Y/

BOMORANEEERO L VRWERICET 5,

FATHIR (Perry etal. 2020) REIBRIC. BiEEIZ 7 v PO EBEEE=ICEF 7 (Fig.
3-3A,B), AIN-93G ##ERHE 1g H7-Y 02g DHE A > %5 (Reeves 1997). 7 v k (250-
320 g) | 3R TH 3.2 g DER (= 2-2.56 g casein/kg BW) #iEERL 7=, 1ZITEE (2 g/kg)
DHEAVTEBENLEREL. TFX M VY PREBRTIIERRIZ LS LAH -7 (Fig. 3-3C,D)
Z &, AT (Scott and Devore 2005; Karst et al. 1984; Tappy 1996) & RBRIC X > /80 &
DIEN T MEEFRANER I N, BERROEE/ (2 — 2 (3R4 2 (Fig.3-3A,C). TN o DfE
REH o, AIN-93G ZEWEARHERIC L 2ERBRLEZICIEHEA VDR ELCHFELTWVD Z EATHR
SN,

HEA > FITA, K I K20 S5 BEOREMEX V/XIVBEDHF T, KEXV/UE
NERHSWREEIER%Z R L 72 (Fig. 3-4A,B), £ MIH T 2 5HITHHZE TIL, Acheson % (Acheson
et al. 2011) ¥, HEA VELIVKRER V0B (FNENB0% DRV /N0E) #ELREOHR
ENEH RIS BO%NDRINVE) ZECREORICEVAEENH DL Z L aWE L1z, —A.
Alfenas > (Alfenas et al. 2010) . htEA >, KFITA, RKEXV/IEB (ZTNEN50%D X >~
NUB) EECHRER. REX VAV EHOAI Y FAO— LB ELRL TERICSWVL DIT 2517
e BEU ZOKRI LV BEEREODIT 3T RERELY LERBICEVC L ZHR
L7ze TNODETHRIGE. 2V XV BZEORAEREZAVTEY, AV BEZHMTERS L

TWEWZ EICBEINETHD, BEER VXV EOREAFAOEVOERZHERT 5720
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I3, SOBRIMRVBETHZH, AARIL 5 BEOREU X /Y BEOEMIREIC L HRE
£ER%Z 7 v b THRLIEEVOHRTH 2,

BHRESLOE MIBIT2 INE TORE TIE, REHRR-BEEERB (sympathetic
nervous system- brown adipose tissue; SNS-BAT) B B4 X, BRKMEEBTEHL. &K /N
JBBFSLUEBREERETEWI AR I N T LS (Potter et al. 1989; Astrup et al. 1989; Vander
Tuig and Romsos 1984; Johnston and Balachandran 1987), oD EE—T 5 L 512, FE

IR BAR 7V X IR MTHBZ VAT T/ 0—ILDEREIIREZVRJBIZLDIERBELER
ICEBx 52 %h >7- (Fig. 3-6A,B), b5, FBIHEE®. EILEHRILE Y DET L FVILBAR >

7 FIVIRBEIEMRIZRIIC BAT OBVELX A2 50H 5 2 EAmESINTL S (Broeders et al. 2015; Li et
al.2018), LA LAH D, KEX Y/ EILBAT BEA FREE 4N >7- (Fig.3-9), HEDE
b B2 (Aitaetal. 2022) T. & & > /X7 BEREO DIT (2, BAT @SSV I IIL—TEEWTIL
—7ORTELN RN EHRENT, ZOREIF L VXV BEFEHEOERR LR ICBAT A'E5 L
TWARWAREEZ I LICEXFTH2HDTH S,

KRR EZROKSE L CHEBEEBRMBEIXET LA, >72 (Fig. 3-11) Z¢&
Do, REX VXV EFEHOERR LRI MEIHEICH S BEOIFIC L 5D TIEA L,
BEEICLDLDTH D ENATREINT,

RKEZ VOB ROAKREST 5L, GLP-IR 7YX I=X b ThH 5 Ex9 5D EEIZE
Hod. T v bOFIIRMEEF D Active GLP-1 BEMN EF L 724" (Fig. 3-13C). K2 X /X7 HED
BEAERAZHAIE7- (Fig. 3-12A,B; Fig. 3-13B,C) Z &b n, GLP-1 7 FIABEEL TW
5 EDNTREENT, Fig.3-11 28T I oDFERIZ. GLP-1 DEIRMIR S A & 52 & I & NHE
ERITIERLL Ty FOEEELEFESE2E VWS LUFIOHMEL S H —EEF IS (Osaka et
al. 2005), —7#. GIP, CCK-A BLUPYY ZBAKRT v X2 T MUEB|IZ, REXV/X7EICLS
BERRLEFICEEZE XD -7 (Fig. 3-12C-H), FLITHRICEWVLT, BED GIP L )L & #E
EEROMICEDOHEENH D Z EHREN TS (Ishii et al. 2016), GIP [FEICRERED KK
L PREE I L > THOMWPMBRES 15 (Sarson et al. 1980; Cataland et al. 1974), 2N 5> DA R

&, GIP ICREFLBEWREM X Y /X BORNLREEFA E—HT %, CCK X BAT DREL
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ZEMALT B EHRESINTULS A (Yamazaki et al. 2019; Blouet and Schwartz 2012), K2 X ~
/XU E (|3 BAT O3EM %NS ¥ (Fig. 3-6;Fig. 3-9). CCK-AZA/ART X IT=ZX &AW R
BofER (Fig. 3-12E, F), KEXZV/XJBICL2BERBEBEERICCCK 7 FHLUAEEL TLhAaW
ZENTREINT, PYY & DIT ZBED T 2MED H 52 (Ishii etal. 2016; Doucet et al. 2008).
AARTIE PYY [FRE R /N BRELFERICEAS L AW A REE N7 (Fig. 3-12G, H),
DT —ROARYE—HIZ, BEBOFERACT Yy b b POBEAESOERT YA Vv OEWE KR
LTWaEEZBLND,

RKEZRVEORATESIZ, VO, DREEICLK>TREIND LD I, TRILF—EES
ZIINE B 7-h" (Fig. 3-15A, B). Z DI BHEBNEDEM & (LBFEL TLWih -7 (Fig. 3-
14A), EISRRESRBR E Rk, KEX VXV BICL D TxILF—EHEE [AVO; (thermogenesis)]
DML Ex9 IR IZ L Y%k L7 (Fig. 3-15C, D), TN HDFERIE. KE X > /87 EH GLP-1
T FNLENLTDIT ZEMILHEWVIRAEIDICEKFTFTHHDTH S, £ N TORITHR
TlE. GLP-1 OFIKAEKR G ICEL Y TRILF—HEEMEML. Chid( YR U V(ICE > TENE
NTWB EEZX bALTz (Shalevetal. 1997), LA LA B, AR TIE, KEX /X0 EDRO
BEIEA VR v ERELED 2722 &N D (Fig.3-19), KEXRV/RIBIFA VR Yo T
FILIERTFHIC DIT A EIMESE 2 Z AT E NI, &5IZ, GLP-1 % GLP-1R 7 3= k D
EREESICL B2FRD GLP-1R JEME L IZ. ZALICHED SNS-BAT BHOEMEALZ N L TT RILF —
HEBBAEME B2 LA RBENTULS (Osaka et al. 2005; Lockie et al. 2012; Beiroa et al.
2014; Hwa et al. 1998), LA LA H, JBILEHEEKD GLP-1 13 DPP-4 ([C & > TRPHICHRS
N2, BERTEO GLP-1R % B#E/E4E(L 9 2 AJaEMEIZ{E LY (Deacon et al. 1995) & LT

%, JHILERED GLP-1 A KEMRICIEAR L T SNS-BAT Bz /5L 3 2 Al IEH 5 H. K=
LRI BOROKREICL DB EFERICBAT DEESH A L2 & A 5 (Fig. 3-6A, B; Fig. 3-9).
KOOMEREHIRX-SNS-BAT & (ZBHR A A D ZXLNBEIN, ZOMBBICITSHRI ORI
DNnETH D,

KERVIRTBIZEDREEIZGLP1 7 FILAEET 52 L1E. Glplr KO ¥ 7 X%
FAWABRIC K > THRENTz (Fig.3-16), FBITREZLIC, WT XV ATRLONIHRTA R
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VR BOROKEICEZEREERED. Glplr KO ¥ 7 X TIEHEKL L (Fig. 3-17), Thnd
BREY, KEZVTEICRST. BEMEZ /X7 EOREEERICIEZ. GLP-1 ¥ 7 Fhw
ATHDHZ EDNTEINT,
FATHIZRICHE LT (Conarello etal. 2003), DPP-4 # RiEX B /1-EEHRER Y7 XILH
WT, IRXAF—HEENEIML. BEEMIENIICSHRD T2 2 EAMESI N, BKODI
1THFZR (Shimizu et al. 2021) &L RERIC, > X7 7F U aHME L. KB R /X EROKRSRI®
m#Eed Active GLP-1 2E R MIC LR X 87 (Fig.3-18A), 7=, ¥ &7 U 7F U EiiLEI
RKERVNRVEICE2BEBREF%IEE L7 (Fig.3-18B,C), —A. TF¥ XA MUV ZROKESL
A, KEXVNRVBEERRL TR TFVABEOMRIIRENT—BETH Y. HETH
ICBRETIEAm N -7z (Fig. 3-18D, E), X 0IC, KEHB LUV RIT Y TFr2ROKS L TH,
BERIIZNUEER LA -7 (Fig.3-18F, G), TN HDIERIZ. GLP-1 AR\ CIEE T
i<, BRI BEERICLAHREEREIFRILF —BEEDEBINICEZETHSL Z L ZRLTW
%
05MICFAR L 7-ABRIBEKAZREORS L7-0> O — LB TEFIRIIZEH Active GLP-
1EEMEA LA (Fig.3-20C). BEELEF A SNEA -7 (Fig. 3-20A,B), BOKSYIC
L 2BOEN, BERIEA GLP-1 9z #FEd 2 2 EMREINTHY (Mizuma et al. 2025),
Z D GLP-1 MR E R HEREICL 2D THLAREMENH D, TNZRILT 57D (ICITREE
ZRAEL TOWAWERBRRKEZ KB RE LTRSS I20ENH D, WTINICEL KEX /X
VERSRICEOoNZLI BERRLEREN 0.5 M AR L 7-4ABRIEKES TERO onah
>7=Z & (Fig.3-20). GLP-1 D DENMD A TIIEBE LR AF|IER I TICER+DTHY ., 2>
NOBRZDBEMEYE VTRV —BEEOFEHNRKICLDETHD I EETEL TW 5,
FRDRFRD—2F, KEX /X7 EFEBMED D GLP- IR KFHZ DIT ICF 5 54
WMeEELTWEWIETHD, 7T/ BEEREZHRANKSST 2L BRET I v hOERBED
ES L (Yamaokaetal.2006), 7 v MIHEIF2TRILF—BEEDEINILT I / BEASRDER
W5 LY HROKSE TKREHh -7 (Hayashidaetal. 1992) & WHHEHNH 5, T D=, GLP-
$B LM, FRASICEWT, FIATES27I/BYT7 I/ BoRBEEBRIEL LI
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FY RREIFIVFEEBEZSOIARUENEZ OND, LALEBA D, AFFRICEVNT,
7 I/ BEAROBOKREIL GLP-1 Db ERET 2ERICH Y AL LERR LR IIREN T, K
SRYNRVBEBLY HNEN o7 (Fig.3-20), INOLDFERIE, 7I/BEREY R/ 0EEZRO
WETHANGLP-1 Z N LI-RAEEERIEVWC L ZRELTWE, TOERE LT, &2 /X7
BOHENL - RIGARTEL 2T XL —DEVR, XU/ XTJBEDHEICKYERTERTFF
DODHEATI/BLYLREERBICHITE2EB L L TENTW S AT, HAAEIRECIRINENERD
BHor o, RTFFELTHRRICRRINEFD, ZORTF O, ZNHDBINTERT S
T BARESEBICHEEEIN O TV E WS RFRERE AR A EZ BN D, S IS DA
HMAEBRET L, GLP-1 7 FAAED L SIS, ETT, — D IEROIPAI CHAELE Z M T 5
NRED, LVHEHAANZ AL EZBPTLENEETH D,
REOMERREZXLHD L, EFmATICKLY ., BREEZ Y XIENRKIELYPCIEE
EHB L TRNLBEEFREE S 2L aER LT, REX Y/ BITRFICRD B IELEIER
ZHEL. IR VX HEEZEMNI L, EERI LIE GLP1 ST F AR L VXV ED
BAOLBEFIERZENT 222 RH L2 THS, TNoDHAREIIE, I x cRUVEEE
BRRICBE > TOWEREER VNV BEOMEEIFRAORE L B2 A NI LICHHEMEZ S
2o Ly WECRBOETICH I BREED T - WEICATTHAR~NOERIEY (CEHT 2

DTHHEEZBND,

125



ot

126



REROMES - 1BE. TR THICEL 2RO (ZRIEE) PEEINIRAICEL
T ERINZREBHRLIT TR NRE] BT 2T RNTORKEMRT 2FMTHS [REF]
DEEMIFELTWVWD, ATHLHELERLE VL, EBRLEREZOHEL - RINVCERO A %
ELH, ZHRABBEBNEICEVWIEZLRERE R, ThwA, BLEFRILEYODU%E
RET 2= HEREFEVECELERLEVZNL-EBFN AR EBNEEFROR
REzDHEBRRIE, REZOS oALFERC, HRPTHREORELL->TWS, SEITER
FREDFE - WERDKEZ B LICAR~OEEZBREI DA RO TEELRETCHDL EE
AoNDb, HETIE. AARPBELNICLERROENZiGHEE L T, AAROZMH L EEP

AEDEFICHITBIUBME. £ L TAAERRDERBESEDODELERICDOWTERT b,

15 :2-AG |3 CCK, GLP-1 ik &id<{FEL. CCKRWFEEII CB1 ZNM L-EATH S
B 1ETIE HLERD WA STC-1 LU GLUTag ZAW T, BEMEENS < %
H®5 TG OEILEHD—D2TH 5 2-MG O CCK, GLP-1 7 iMEHERE & T DIERMME ZRAE L
Too ZTORER, 77 % FUBEAE 2-MG TH % 2-AG 1258\ CCK, GLP-1 DEMEAH 2 Z &
R L7, Fo, BEFHABEOKRIICT 2 I =X b2 AVWEEHRBREICLY, 2-AG 1043
CCK.GLP-1 MEEMRE T ZNTNELR D T ENRINTZ, T HIC.CCKMMFEZEICDWLTIE,
TI7F¥ FUVBARBERRSAETH D GPR120 2N LIEATH LI L, 2-AG IFH >~ F
E/ANZBRETHZCB1 2N LIERATHY ., JVERETHMEHEET LI ENRALNER

277,

E2E12-AGIECCKX® CB1 2N L= 7 F L TEHHZNHT S

2B T, 2-AG 'Y 7 REKN T CCK X GLP-1 DA {RET S 2 & T TNH D
{LEFRLECOEBIEFRO—D2 & L THloN2 BEFHIBIAZEESI NS 2 &, L ZDER
BB EZRIE L7z, BEEHEREIX, RENAET M7/ 7z VvEREL 7/ -y FiER
ICEVEFHEL 7-e T DFER. 2-AGRAKEICK Y PIRMEEF CCK EEDIEBANERIN/-—
75T, Active GLP-1 EEDEKIIR SN EA -7z, 7o 2-AG BEFEREZ S, CCK-A ZAIE,
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CB1 723 =X b ERAWHAEREFICL > T, 2-AG |3 CB1-CCK B L UV 7215 CB1 > 7 F LR

el T, YV AOBBHEIGIT 2 2 L Ao L7 (Fig. 4-1),

2-Arachidonoyl glycerol (2-AG)

H oH
= — . 4<7
— — OH
Intestinal lumen * CB1
‘ -~
aw /
W
4V NS
CCK-producing cell ® °
@ CCK-A receptor
u\ S

CB1
| Vagus Nerve

{

Gastric emptying

Fig. 4-1. Schematic diagram of the proposed mechanism of gastric emptying inhibition by

oral 2-AG.

BIE: 2NV EEBIUCK S DIT TTEICIE GLP1 2N LY T FADRETH S
EIETIE, 2/ EEDA GLP-1 9 E DIT 28<FETHZLICEB L. [BEE
MR RIBOREEFRICGLP AEE5T 2] EWSRMEIL T, YIVRBLVOZ7 v F2AL
TIREEL 7o Z DIERKE X VB EDRME /37 EORAKR S £, BAT JEEKFHIIC GLP-
1207 FLENLTERR CREMOR) CTXLF—EE DXV DT2E0H5ZcaRBHLT
(Fig. 4-2), oI, ZOFERIFRKEHCIEETEROONT . X/ BEIICHENTH
V. GLP-1 5 DITHEICIIZR T, XV /X0 BEH D VNI Z OEICENOGFEDN RFICHETH S T
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ENTRE I NIz, Fhoo ZOFERIET I/BELTROKETZHLY BN EARINT,

. AA mixture «“,#. Tail skin
=) o © |:| vasoconstriction
Macronutrients l @
. Enteroendocrine a3l |
- Protein ¢} e BAT A
- Carbohydrate H S

- Fat X l X - @ 2 111

Dietary proteins

GLP-1 GLP-1R - Body (Rectal)

7= AN DPP-4 ' temperature t
L - Energy expenditure t
< A
Dose-response Sitagliptin : Enhanced
oatront *trr e

Endogenous GLP -1 1 X Protein, not Carbohydrate or Fat

Fig. 4-2. Schematic diagram of the findings revealed in this study.

UEDRRE £ DD & ARG CCK B LUV GLP-1 O & RHE S 2 FTHEIR M
FEEELT2-AGZRE L. TDIFADFHIEE —8 AL 7z, £/, ML NILICEEEDS
T, BO2-AGHERICTVREGRNTEHHEZIFT L. BLU. 2-AG L BHIHEE%
HHE S 2 RN R EDRAOFH - ERBWEEFRAZREEH LRV EEZETHD EBbhbNnD, &
SIS, EEIMOH—HIEORWELNAH S 2 /X7 BEEUCL S DIT TEICEWT, ZOREE
BBEANZAXLELTGLP-1 ¥ I FADNRARTH S & W FT-HRAREE5Z. GLP-1 2L
T EBFNT AL ROFERZ /o L, 22h 0. BEOMRLED T, AHRDZF

MHBRPHIRDIBTICE T DU HLMAE. AARBRRDFBESEDORLEICOVWTERL TL,

2-AG /C £ B CCK - GLP-1 #ZE L #r 7= % EBHIHAEHDREEZIZDOL T
hy+E/ A4 FERKRERRXOEEEEYE TH 'Y (DiPatrizio, 2016). RRERMEH > FE

/14 F (2-AG. AEA). TN oDEER - DfREHR. SBECB1,/CB2hHob Ty KAy rE

129



/A RRIEEEICIELSDHT S (Arguetaetal., 2019), T FAYFE/ A RIZHERFICEY >
JEE A HTURICER S (Muccioli, 2010; Ueda et al., 2011). ZREEFICIZP IR RS L U0ZEE
KRR CEML., B%ICE AT % (Argueta and DiPatrizio, 2017; Burdyga et al., 2010; DiPatrizio et
al., 2015; Gomez et al., 2002; Kirkham et al., 2002) , Z OZE)E—MAI%A 2-MG TIER o1/
Z &h 5 (Ben-Shabat et al., 1998; DiPatrizio et al., 2015). 2-AG %> AEA |3 REIRRE%E $180UC K
g 2RRIINDTFD—D2TH ST ENRINT WD, REMREN L 7258 7 F LA G
DIV RAYFE/ A FafzRET % & S (DiPatrizio et al., 2011). AEA [EEEMRRR ICFIR
92 CB1 20 L TEBZRETZ LWV IENDH S (Capasso and 1zzo, 2008; Gémez et al.,
2002; 1zzo etal., 2009), F7-. BEFEMIEH (diet-induced obesity; DIO) ¥ 7 XIZHBWT, 7
AR MK BB CB1 EHLITEE%ZFEE L (Argueta and DiPatrizio, 2017). FREMHEE®
f5 LR CB1 DIEENEREZMDIES I LB RENTWLS (Avalos et al., 2020; DiPatrizio et
al.,,2011,2013), 2O &SI, INFETCB1 IFERBREICBZRELMEM T LN, BOKS
AJREAS PARAEIR CB1 EM T VY X IR b THD UV ESF NV FAPEEIN-Z LT EEDO X
—7y bELTRELDEEST, YEF/AY MIBHIMFICHENTE >/ 0D, EED S DK
73 E ORI R BITER A H - 778 (Christensen et al., 2007), HHh SHkan, LAHLE
Ao, FEHRCE ERFENL CB1 EEFPEMERZFERT 5 2 L4, BACERZIGIT
EENEIDIEREBONTHEW O, TOX—7 v MIHTHEL0IEMKAE L TEHL,
IDESBEEDOL L. | MEEIC CB1 A" FIBT 5 & WS REIL (Sykaras et al. 2012;
Argueta et al. 2019) . | #if3(CFH 15 CB1 OERBFINIERIEEAMICE< DA, TN EH CCKD
SEERBY . BRI SEZ AEICEC DO E WS FLEBRRMEE LS E, LBITHETIE
(Arguetaetal. 2019), WT ¥ 7 X(ZH W\ T, O— > lHROKRESIC LS CCK OMMEE L. ZNITHE
DHERFEEN, BLEEADCB1 73X MUBICK YISz, £/ DIOY VX TIE, B
FE® CB1 BEEICLYVERMAFD CCK BEMNMERT 2 L. LU, INITHE S BAUHIHIA
CCK-AZRABET Y Z IR hDFHLEICL Y BREIND ZEAREINTWD, TDL DI, CB1
DIEMALH CCK Dz L5 2 Z L RREINTH Y. bl TCB1 IZBERITTED T IZE<
RHRE] EVWDEMERITLEL, LALADYS, INOOMBIFERNT IR b7 8T
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SR MIKFE L7-MEFMICE X Y. 2-.AG X AEA L Lo 7ZEEBNU AV A T RBICED K S
ICERT 200 BBAIN TV 7,

AR TIE, ¥V X IHMIEETILTHD STC-1 Mgz AL T, 2-AG H'CB1 Z/ L Ti&
NI CCK DM ZRET 52 L ZBEFEMNICEIE L7z, £/, YTV XAEERNICHE VLT, &O2-AG W
| #BAE—CB1-CCK—3REMIR T3 £ OV E 7 3R OIEREMR £ CB1 DBEFEMELZ N L TEHH
GG AT REIE 2R Lo, BEFHOMEIFBBHIEICTE ST 22 &hn. o DfER(IE. CB1
DEBERADIPRERD & 5 IC—THHREREEICREIND HDTIEAL, EBIARPY H > F
I TR 21BN ZBS 2 & 2R d 2, 4bHH CBT IFZEERICIFERREN ICE < —7.
BHICIE | ik C& AN L TERSMEIRNICE WY, £, BEBHT I =X ML S HEREL
fEA & BEEER (AEME) 2-AG DY AL FBERADEVWEICL > T, BN _—EMEZRF D LW
S AR D Y. EBRR L,

UEFNY MAY ., EERICLS CB1 OFEMAIE, M. KME. 32X ME. A%
EMDHN=FILAEL, TO—AT, 7T7F N VBEAEFICECHYHERRELREICL YIER
L. SEILICK > TERM L7 2-AG ICK 2 [ #l3D CB1 AN L ERAENE T2 7 70 —Fld &
VIRENEEZOND, 7o, 2RUBHHIE, B BECRRSRNFEORR L 2578,
BHEH OIIFNE TEERECIEERBED T -BROIODEBELLL—T v b EEZ LN,
I o, CCKICIFBHHIMFI LML ZRAGEBEANM N OoNT WS o, HRPTHREE G-
TULWBEBHECHERRER E, S EFIEFLERE~NDRERBERNR 2-AG ORFERIC &L 2 E % R
THIESHROEELHRBETCH DL EEZOND, 2-AG DILFNLENLEI PRI, CB1 &
NL7EBZIRIET % in vivo FERICE W T, 2-AG T—T IR EDEMERABLLND Z EA'H
% (Deshmukh and Sharma 2012), LA L&A B, AAZRICE Y. CB1 It 2-AG DIEE T B 1
WAL TVWDB T EAREINTTcD, 2-AC DEHERS. FIFEILERNT 2-AG HHEEICENRT S
M. FHICKBREID KO LN D,

Fro. ¥ ARG ERARAD MM GLUTag # AWIREEIC & Y. 2-AG 1& CCK 72
ITT% L, GLP1 Db BCFEET 2 WAL EL o7, TOERIZ 2-PG LY H@h -7
M. <7 XN ERBRAS AR STC-1 AW iiE © O Tl (Funatsu et al. 2025),

131



2-AG £V % 2-PG @ GLP-1 DbFEEN TN 2T, ZOBROAN—EIL, FALIHEOEL
IC&2bDEEZOND, MESOHETIE. 2-PG 1 GPR40 %> GPR119 %/ L T GLP-1 2
HFEYT DI EHNRINTULS A, GPR40 > GPR119 D H3IR (4 STC-1 £ Y H GLUTag D AH S
Ly (Kamakura et al. 2020), % ® GLUTag ICH WL TH 2-AG DA GLP-1 DilEEN T W &
GLUTag |3 L#fZET /L CTH Y, GLP-1 b % 5Fffid 2% & L TSTC1 L VENTWLW S Rz B E
ABEAMBICEITHERNZETHSARENE V. £ LT, 2-AG |£, STC-1 fifz TIFHIR
MEL . 7D GPR40 %> GPR119 LN DZ AR %/ L T GLP-1 i = FE T 2 RlgEAEZ o
%, INERIET Z7-HI21E. 2 DR D 2-AG HRINEED RNA-sequence #E R % LB L 72
V. 5L Z 5 BZREOT Y AGEMFEGFREZATL TSEICLELVT 2008 S
LNz, £72. GPR119 (&, & b TIHEIBPHEE LY S+ 2HBBECEB TEAERL TL DAY
YOOATIERBBICEAER L. MNETORBIIEENICAZWVWIZ EARINTLS (Chu et al.
2008), TN &SI, B FADIEHLE VWS HICBWVWT, E hETTROBEEAZBEYICEEB TS
&N, BERHBOEELSD, £ b THEWRBEEERSZERET I ATEEELLEZ LN
%,

LT, AR 2-AG N LEBRIT Y KAV FHE/ A4 RSB RILE R RE
BIE WS FHEOEBNLEAZIRE L, BB, SARGIE, RHHAR, < oICIEBHE - R
WA EDEFEBRAOCAAREEICHT-ARAREE5Z 26D THDI EEZOND, BEEEK 2-
AG OF| AL, FIBH CB1 RIEICH S PIRBIMEAZELET 2 & LWHEERL L ERANMELS L.
St 2-AG £RZRT ERRMCREZEFEORR, CB1 S LUVHEZBROBREEZRE R
oA EREEORE, I5ICEE PMARRZE L ZBARNERORIANEL Z LT, T

Fh>vr e/ 4 FReENE LR EHE  KRSTHEBOBIICES T 2 2 L0 TIN5,

WA RN EFEMRELEDRIEE LBXD=RALADEEICDOT

X2 R EEREO DIT AW EICDWT, VanMilgen (&, 7/ BOT7T /v

I > (adenosine triphosphate; ATP) A RZHEMN 7L O—XPIEHHR LY HEVW L2 B HHEE
L7=ETMCEYRL.RBEZIEOBIA DIT BADERTH % LiEm(TIT7= (Van Milgen 2002),
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Eloe TV PADORRAT I/ BESICLYVEBREESLUZ XV BERROENMAEL S Z
&R L7215 (Yamaokaetal. 2006), B A ¥ EICL D TR ILF—HBEEAN RV /NIE
HR & IEICHEEE T % Z & 7~ L 7= Giordano *° Castellino (Giordano and Castellino 1997) 7 &',
TI/BREE X NRIBERDIFILF—OXMIEB LEMRIZESZ WV, 512, BEDT
/B (RA Ty TV URE) ORELEMARIND—FT (Tsujinaka et al. 1996; Sakaue
et al. 1994), PIKIHT I / B BimICIR > 7cRKRE TR E T2 EBICIRILF —HEMNMET T2 &
WO EH Y (Pitkanen 1992), 7 I / BefERRA' DIT IGEICKELLFET H T ENTRINT
W53, £7=. BN 7 2/ BEE5TIFROKSE LY $ DIT A/hx < (Hayashida et al. 1992), %
EEMRE o T I/ BEHE (O'Dwyer et al. 1989), ATl COMEHE (Veldhorst et al. 2009) H'E
543 RREIND AL, BERAERGEZELLTODIT IZELRZ2RFF IR FTEHRAL EN
mOEMEER L. ZRBHANGISETHIABENTIN TV, LALEDN L, ZThod
MR, B XVEEBRIIBORERZLYH—EBELTDIT A5V OAZREICIEERA LR
WEWIBRRZEL T\, ARIE. 295 L7=REIX FRICEDKHBELS T+ D HREBDICHT
LT.BEMEX I EICKY  ORERLY LBAICHWAMEES N2 WA GLP-1 A°, DIT
ICBI5 4 2L WO FT-AHREZRTLIER T BIFOER DR EAZ KE IR T 2 BEEZHF D,

FFE, BLEFRLVEYDIRALF SHECRELRMICEAS T 2REAERE I TL
5, YU LTF>H BAT ORMELZEBEEERA L, £ hTLREDL LTV ERH BAT FlkE
IEICAEEEY % 2 & (Lietal 2018), CCK A REMRHR - MR R %/ L T BAT BVELZRET S
Z & (Yamazaki et al. 2019; Blouet and Schwartz 2012). 2L U > A% (C BAT ZAEL #0655
Z & (Lin et al. 2014), L 7’F >/’ SNS-BAT #i% 4 L TRAEEZIBRIESZ & (Perry et al.
2020) 7 &, SEILERILE Y & BAT OERBIZLAY ZHAETWD,

ZD—HT. GLP-1 ICDWTIHERA T4 L TW o, GLP-1 Hik#z5 T BAT JEIHEIEX
(Lockie et al. 2012). BXZERNVE FAD GLP-1R 7 3 = X %5 T BAT EVEAIE A (Beiroa et al.
2014; Wang et al. 2021). GLP-1 Bk 5TE b7 v bO T XL F—HEIEI (Shalev et al.
1997; Osaka et al. 2005) 7 &', GLP-1 OEREE(RE L ZIFT DML H 5 —FH T, GLP-1 A
TDITAMET (Flintetal. 2000).GLP-1R 7 =X F DIEERT S TI XL ¥ —HEKT (Krieger
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etal.2018) AR ¥ MHERTIHMEHZ L, TN OLDFFEIL REHD R, & WL > 7R EBEDE L,
AR ORE, BHEIHICLZREZBRIREZMM L EDEWNILZDTHL EE
AoND, INHDFEITHRITEBRERZIRIE L TL 5D, GLP-1 (£ DPP-4 (Z & V) f&& TERL &
mansro, HILEHNKX (WAM) GLP-1 5 FICHED GLP-1R ~EEEET 2 Atk (3K
L) (Deacon et al. 1995), 2% Y., BEBRRICHWMEEINS GLP-1 1 DIT =5 S5DhE
WO RDBBELGEWVICIE, RITHRTIEREICEZON TV >, AR TIE, GLP-1R 77
Y2 IAZZ k GLP-1r KO ¥ 7 X, DPP-4 [HEIC & 2 WEM GLP-1 XK WS> EH DT 7’0 —
FERAW, BmR /37 BERIC DIMEE S N5 AREME GLP-1 ', @\ DIT #3545 &

. REAME GLP-1 O 7=k EBREBI Z BAHEICEIE L 7zs INIE. RITHROFEZEE L,
GLP-1 OFBEATIE L, £EBFRAZERLETRRTHDL EEZOND, 7. ZOERIX
BAT JHKEFM TH 7= &h b, TNETBAT ZHOMINIERINTELBEERLEVZNT 2
MRIC—FZHR L, BEH - TR - BE L V-5 2 R"R T 526D THDH EED
N2, 5HIEBEN/ v o 77 b ETACEBERNSRERETZBHAEHE 5 Z & T, GLP-
1 AEDHEBENL, EORBTIANF—RKEZHET L2002 L VERICHOAICT HHE
N5,

JTCRAME SN S I, AR TRE NZNEM GLP-1 @ DIT FEERIL. BREHRE - BS
NAICEDCIRILF —HEFEHBEOMARICEENL IR E 52 %, AR TIE, B4DOERMR
RNy B EMTROKES LZBRIC, DIT RBENELRD I & anlliz, XEBFEEORM
AR—RIZLBE REBULDITAALNI AT X Y /X0 B, GLP-1 W aFHET 57 LA 2
VR T R8T ¥ VB (Modvig etal. 2021), 7J/LF = (Aminetal. 2018). U 2> (Irie and Hira
2025) B EDENEN—MAICE L, —AT, mHDITHED T2 KR RXTBEIFY DV 0TILF
ZVDEIEN—RENIEL EROREBET I /BT U RIFMDOR NV EICE DB, £, KT
A DB - BPDRE IR, —H T, WA VIEEEDIBeH THEICECLEED NS
NTHY (Farupetal. 2016). 7 I /BRIC &K V) TIGNE - REA R4 S (Katsura and Hira 2024),
S, RN TEORLETTHELT I/ BAERPEL - BIRE & W > 7-BEEZRED GLP-1 908
EZDTHRD DIT BEAEDLSICHRET 2N ERBBCHELH,ICT HZ LT, [GLP-1 2iba &
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KL L. DIT ZEMNICEHH 2 RBEHLA] ORENAEICASZA2D LAV, IHIC, EMIBW
THRKDERAEOND 0, 7 I/ BEN. Bm~v bU vy 7R IMIE, HEELE, EEOD
BEANGLP1 7 FILEDITZED LD ICEBEIT 20 ZRETT 5 2 & T ERMROMNE = EBE
DERIREANEBELT DI ENAIBEICARZ EEZ DN D,

LT AMREBRZ VX7 ENE /25T 50 DIT OEBHERZANFME GLP-1 > 7
FLEVWSBENOBERL, BRI AT —REOBRICH/-LEHZR LTz, AREXRS
E LT GLP1 AL E LA M-—RE Y b7 — 7 OREERER, 2 L TEN%ER L 7-EEN

BRBUECRIRETFHEOHAEN KRS 52 W EFIND,

UE AAROBEREBEDRBZMENICE LD D & AARIL. RO IEEIFME
TR ENAD > T-AREBLERILE Y OEBERC. RERBENDE OB ICH -
BEREERBSTL2DDTHL EEZXOND, LF. GLP-1R FHEMN LR ARICHE W TIL <A
WoNTWEH, AR, BBECX /N7 EOERICH > TRRAMICHEE S NS BHLEFILE
VISEICEB L, EBENACLIZERZ T A —Fh o, BEREEICELEREZ N L - HTEE
DT AAEMERR L., INODRRIT, REFOSORLIERICFEE T LHIC. £F
BIERD TR - WERDOKREICAITI-EWNNERZRMH T 20 THL EEZOND, FEIT.
ERAHZZXLDE S ZFACE S TOREE, o PIEAECEREGICLZIGEDENEZ
ZRL7HlizED 2 2 & T BERTICED CRAGARBTHHEROEILICTES T 5 2 EAH

FEns,
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