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AT F = ER RN S WM ENDHRLVESTHY, BB ADHIZE > TEDOEMMLE
Ihaiz®, ZomPRETA RS, KMICEWARNY XL8%RT, TOLEBMKREE LT, HE
IRFEEEY A 7 LD L9 2B U X A ONABRE-CHFEO FHEIE ORI A m ST 5 [1-3],
F/2, B b AT b= ORMBDWOEENMN EIRKOMEE Y BNE W ZRT Oz, A7 h=v
BT L D MEIRFERIEA > HHEIR(Z31F 2 HERKREDVRIBE SN TS [4,5]l, ZDX 972 AT b
=V DOABEREICHE S X TNETICWS OO AR A T b= S RIREEIEE PR I N TED |
ARIRJEJRIFI E LTI AT JLoo3 e LTTraA T F o I 24 EIIER TR E OB H
JRLDRMIEEL LTH U ALTAURERA SN TS [6-8],

AT b= OAEFEREIL G X U BB KK TH D AT h =2/ K MTi B LT MT,
~OFEEENLTEBY, TT =87 7 —BIEMMET T 52 & T cAMP EAZINHIT 2 [9,
10], =DM OMIEN Y 7 frE L LT, ERK1/2, PKC, cGMP 72 & DIEMEAL G ST 5
[11-13], MTy ZRFMITHER U X LFEA O FEEENL T H40K FTEOIEAZ X F (SCN) ([Z@E3E 8
LTHEYH, MTLKO v T ZADHIELNH SCN ORI KIHNIZREE- L TW\WD [14], —FH . ML %%
1% SCN DR K ) X DDA LICEHEREH 4 H 2 [15], £72. B F MTi B L MT,%
RTINS 70 & O RN 7B L T\ 5 [10, 16, 17],

AT b= U BREERSE T AT A U IIAIRIEREEE L LT S, LB L UE Mok
TAIRE CoORM 24 (EIRFRIEH) L, RIERFFMZER L7z [8,18], £7-. GABAASH
REBNER CH DR DIEIRIEIC IR, T A VT A 3R GiEbE S, EEhEE, Bk, X
BEMEARIR 72 EORWER 21 & A ERE T, ZeMEICEILTUE [19,20], AT b= b IEIRGRIE
RAEzHT 50, MIERIEEFERAICOWTEILT LB LIBENE O TE LT, ZORW L
R (1 BRI SERT D EE 26N TWD [21-23] . T AT A 2 Ol I E#
1-2 K THY . EDOFEREY M-I ITK) 2-4 K & T ANT HURIKI O Ehoiz, £72. M-I
DI HFIRE L1 (AUC,) (X7 ANT A UARIKI D $K 30 f5LL Lmimnorz [24], ZhbnZ &
ST AT A OREIRFERECIE, B B O F 7 2 VT 4 U ARIRIC X 2 —iltE
DZFEREA TG L, L0 = o RV e S B M-1 BRI R IRZ g3 5 2 & T,
RIEARFFH OIERAERA 2 725 L TW D AREMER D, £7o. HAIOEEN) 5 1 ~OVE R Frse R
X, EWENEETS T T <L A oM & OFEARERIC BIRIFET D [25,26], LAcL7AaA s,
TRHEAR R OIE RAFA ~DOF G R HEE SN AERFHEIEICE LT, FALT AUV BLOMAIL & b
IZH BT o TR, Fio, TERRRGRERICIRTE L7oMilaN > 7 T L o240, 1EEhEHETE
KEDEIZOWTHERATH D, ZbDIERFHIER A T b = B R~ORHGERIRI Y
HRIN S 7 L OZEIZET 2 20 FIE. in vivo IZBIT 5 T A LT F v OFEh O PR 2 LRI
72 EDFTIRBIEZRFTTT 2 9 A THIE TH D,

KT NT, T AT A& M-Il O MT B8 7 T A OFFgiE & . 2 fiflay s
T FIMBEOEAEH LT 5720, F—ETIETALTAVBIOMI O AT h= U2/ K
X 2EH 2R L, B R CIIHIIE L~ UIZBIT D 7 AT A B X O M-I OFE RS
L2 OFER T Z#H~ T2, SHICE =TI, 7 ALVT A0 2 BRERIFIRRIE L Lo ik
ERETT D720, PEN MT 2825892 7 » ME B AR INS-1 % VT, Rrer) 2252 28 (4]
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BIEH)) &R LT,



FLIE FANVTAUVBIOZOE FERE M-Il DX T b=V ZHFEICHT D1EAH

(=51

b MRLEMT T VIR 2R OHEER L O OHEARIZIT, in vitro (231 D ERANE RSy
F~OBFME, 1EMER LOEREOWUENRLETH D, TALTAITE b, LB OxR=a
BV CHRIEIR &2 N S8, X512t MY I8 CIIMEIRIE R 4 446 L 7= [8, 18, 27], £7-.
T ANT F U NTBAFREIRIE T D GABAN LA FENFEIZ THRE ST 5 REM BEIR DR %
Fl&f Z &3, BRSO IER (% — > Z/R L7z [18,28], =DM, 7 v MZBW TR Y X
LDOERIFAZME L [29], DT AT AL OFBIERIZIA T b= LHELLTEBY ., MT;
BLOMLEZEREZNLTWD EHESND, TDH, FEIEDO MT, 8 L MT, 5 E~
OBFIVE, TEBNEMES K ONBPWEEZ TR, AT b=V ST 5 Z LITEETH D,

th MTy & MTLZEBEROT 2 7 L~V TOMEMEIZR 60% LK<, AT h=10% MT, %
BARITH LT MTLZ AR L0 b @Bt 2 R~ L Wo I B AR DA Z RT [10], 7 v F MTy,
MT, ZF R4 B MISZFERICH L TT 2/ BL-LTENTRK 84, T9%DHFEIMETH Y |
HOEMHEIZIB TR b & Ty MEFERBICRE Z2BRMEOEZRRE SN TWD [30], b
MTy. MT, ZEEOREIZH LM > TR0, LT > thidE & 132722 0 B TR0 @hiy <
O, KEMIZEBNTAT b=V DORWNREED, SHIZ, YUde REEE TZALTA X
2 MEARFEFAEH & AR B I ER O S 2R TEME CH L Z &b, AT =K IKEH)
HOMERIEEEH OMFERICE LB ET LV ESZAHTHA D, ZOLIRBLANL,
MTi. MT, OSZBRFEES, 7 AT F 0 OFZHERITH T 28 S P 52302 LT < Afifil a3
Hb,

AN ORE) o7 71233 58I, A ORIWER OBLE O b RFHT RERBROOLESTH Y |
AN DO IEFER) S 1T 2 BRELCIEVEIL Y 2 B v MERAE 7 & & BV 7= M50 72 f AT A3 A]
BETHD, AT b= ORI E LT 2-[PF— R AT b =545 Elifgit &3 (Kp) 23
#J 10-100 pM D EEAIME MTy, MT 2 BIRLISMZ, 48] MTa &ML & ShivTWe T/ EvA
— X —DOIEHFaME % 753 Quinone reductase 2 & W 9 bR STEIEBER N FE STV D [31], A
BRI LB NI 7 & ORRFFRIC L RBL L, AT b= 12 X DM REEA ~ OB 523 R &
NTWD—F, MERMEEFERIZITITFS LN EEZ LTS [32)],

T ANT F AT BN T EICELIC E OV RBS, M-I, M-I, M-Il M-IVZ2 ED & B ifl
FREDFEE SN TND [24], 72 THM-IIIZE EMTy, MT2Z BRI 28R H 0 |
AR O XD ICREME LD SN EL, FREREDLAB0EULZ N ENE T AT H DK
B S-3 2 AREME BV, LU S, M-ID A T b= U BRI T 2 3B e iGtERs L O
HRME, 72 B ONTInvivolZ B 1T B2 HEZIMEIZI & M2 > TR,

KEIZBWTT ANT AL M-Il OE ~ MTy, MTo Z AT 2 83 KO ETEM: 2 5
X572, B b MTiB I MTLZEERHEILT ¥ A =— AN L2 Z—PIE (CHO) Mz AT,
ZRIEFHEARBRB LT V23U U3 cAMP EADOIHIRBR 21T 72, T AT 4 2D

TIEH L MTL BEO MT, BRI T D ER Z AR ORER CHEME L, RN B2 b
SCN IZxf T 2 BRI Z Tz, £72, T ANT A L M-Il © MTy, MTy 2 BRI 9 2 18I %
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B 6227 5 72, Quinone reductase 2 72 b NI FEZHIE, A A F v x B L OEEE KT 5
TER &Kt Lz, & 512 M-Il @ invivo (IZ81) D IEIRITHEER 2 MR 5720, 3 21281 5 HER
R E 21T - 7=,



[5¥:]
1. &K

Z AT A ((S)-N-[2-(1,6,7,8-tetrahydro-2H-indeno-[5,4-b]furan-8-yl)ethyl]propionamide) I3 & 8
M-I ((2S)-2-hydroxy-N-[2-[(8S)-1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-yl]ethyl]propionamide) %
o H AL TR S (Osaka, Japan) (2 CHA Sz (Fig. 1) . A F b =2% Sigma-Aldrich (St.
Louis, MO, USA) 72>5, 2-3— K A F k= Tocris Cookson Ltd. (Bristol, UK) 7 SHEA L7z,
2-[**1]=2 — F A5 k= 1% PerkinElmer Inc. (Waltham, MA. USA) 75 A L 7=, cAMP [**1] assay
system ¥ X O cAMP Enzyme immunoassay Biotrack system % GE Healthcare UK Ltd.

(Buckinghamshire, UK) »5HEA L7,

Ramelteon M-I1

Fig. 1. Chemical structures of ramelteon and M-I1

2. EREM

2 A PENE BRI, 8 Lo = (M 4-6 L, M 2-4 DT, {AH 2.4-5.9 kg. Keari, Osaka, Japan)
DF A LTz, 22-26 °C ITHERF SN7ZERICIRV T, 12 IFBIRG Z LR (PR 7 R 5
P TREETHIM) | 1B 1EORBEE (Faf9 k) 217V, HHEUK FTRE L7z, ¥/ SCN D
BREUCIE, 12PEDH =27 1 YL (Macaca fascicularis, /9 P, M3 T, {KE 2.8-6.6 kg) Z i L
72, Quinone reductase 2 (Zx " 2 fEARBRICZIZ, U T AR X — (fE, 7-8 Hfis, SLC. Japan)
R L7z, WIno#Em b HEWMEREZB SO AOb & MEEEICE > TEHE L, 3R
W L7z,

3. B b MTy, MT, KRB CHO M oM IR R

b b MTy. MT, S B E 5 BL CHO Miflatk A Bifs9~ 572, dhfr K2 CHO fiflakk (MT)
L OV CHO-KL il (MT) IZENENEBIE T2 BB T 57 X —%H AL, B A1iE (MTy)
HLIEY =T 4 Y UMFET (MTy) THiET 5 Z LI Lo TEZHERE L EMICIHBLT 5 M
fakkz IR L7z, SMarkiE 10% Y SR IRILES A MEM- o 351 (MT, 2 SR J8BUMRIE 300
ug/mL ¥ = %7 ¢ ¥ ) & VT 5% CO, XUE FICTHR#E L7e, MTy B BLAIRL (CHO-hMT,)
Z5mM =F L U7 2 AfE (EDTA) &4/ > 7 AR (Ca', Mg™'3EEH) &MV TH
WL, ARz E L7z, 50 mM kU ZIEEFEER (pH 7.7) FIZBWTHREY T AL T b
D U7, ZOWEHEEE 2 [0 IRT 2 L2 X o THIE 2 457-, MT, Bk (CHO-hMT,)
XA B ERARE A AR K (PBS) HIC Tl & [B1IX L T2y 5 50 mM -k U AR (pH 7.6)
Z VT CHO-hMT, & RIEED AT DT A X, m DR EIC £ 0 MR 2 G U7e, e o3

5



HEARFE T, 30 & L <1F-80°C I THRAF LT,

4. PV MTy, MT, 2 EEFEIE CHO IR X UM /L SCN oHll i iR &L

P MTL B L MT, ZFEO—i MR8 CHO #ifldix, VAR~ =2 h7 32000 (Invitrogen)
% V72 CHO-KI M~ D &2 FIRES BT X — DB NI L W 57-, ZD%, 1mMEDTA
EA PBS IZ L VMR R L TR L, MIEEOFHRE F T-80°C FCHR{F L, ¥/ SCN 1%
12 PE45 OB ViR~ & B U C i A L 7=, SCN FRAIaEIZ 50 mM kU 2 S EEF2 TR (pH 7.7)
FIZBNTHRETF X LD (40000Xg, 204y, 4°C) % 2[RV RS Z L2 k- THT-,

5. Quinone reductase 2 Z&p/NA AR Z —ARE PR — P DOFREL

U T UNLAL— (-8 Hfn, SLC, HA) oA fH L, SREEET032M A7 r—2
WRIRIZIR U CIRAT LT, TS ARRBRIE I, 2% 20-30 5B 50 mM kU A GRS R (pH 7.4)
FICEBWTHRED T A AL THHiED (48000Xg, 104y, 4°C) L7z, #DO~<XL vy F%450mM F
U ZEREREER (pH 7.4) 12XV 2 [EIFeE LT oREGREBRICH V-,

6.2-[C11a— F 2 F b= FEAREBR

B b MTy, M ZEIRIZHT 2 AT b= B RIFERNEEOBEARE GBI T X 5125 L
oo 7oA Ny 7 7—L 1L T50mM kYU REEFREFRENR (MTy, pH 7.7, MT,, pH7.6) Z T,
CHO #ifafs, RBbA®, 2-[1F— AT h=2 (MTy, 40pM, MT,, 280pM) Z AL, &
BRAFICIEZR AN 2 TRE 1 mL ORISR Z AR L7, R A aBRICIIBIRE O 2-[P]9 — R 2
7 h=r (MTy, 5-80 pM, MT,, 99-6350 pM) ZffifH L7z, 25°C F 150 sy S 7%, K
WLE3mLDT veEA Ny 77y —%MZTY v b~ GFIB 7 4 /L& —~RS1EE L, K& % 15
IEXHTz, 2Ok, FRI3MLDOT v Ay 77 —T2A7 4 VF =% LT, FERFRIEE
AOBRHEICIZZENZEI 10 uM (MTy) . 100 uM (MT,) DA Z b= %MLz, BEHEET ¢
B A= LV HE LT,

P MTy, MT 2B EB LOVSCN 12395 A T b= SR IRMEERER OB AR G ERIT e MR
KL FBEDFINEICHEN, 7 vy 77 —L LT50mM kU RHEFEFEENE (pH 7.7) &2 VT,
i, RBLAW, 2-[PI2—RAF F=> (CHO, 40 pM, SCN, 60pM) %7 L. A&
FERE ~IN 2 TR 0.5 mL ORISR Z FREL L 7=, faFfs ARBRIC TS IIE D 2-[PI 3 — R A T L
= (6.25-800 pM) ZAEH L7z, 25°C F 120 ZpfIfic S 72, KB LIz 4mL DT v A Ry
T77—%MAxTY >y b~ GFB 7 4 VZ =GR L, BUSEFIES T, 20k, FR 4
mLOT vEA RNy 77 —T2[[7 4 V& —%PHE LT, FEFRFRVE S ORIZIZZNE4 10 yM
(CHO) . 1uM (SCN) D AT h=r &MLz, BEHEEEZy h o o2 =12 X 0 E LTz,
NI A X —[d 3K Quinone reductase 2 (295 A T b = U FARVEEN SR O B A5 A BB 1E . Niles
5 (1987) OFHEEDLEHR L T To70 [33], TyEANNYy 77— LT50mM kU RIEREERE
BE (pH 7.4) ZHV, NARZ AT R— b RBIEAMB IO [Pl — AT h=v
(100 pM) ZJEF(ZFABRE ~I1 2 THRE 0.25 mL OS2 R L7z, 4°C T 60 23St S '
B, K LIZ3mMLOT vEA Ny 77 —%MATY > b~ GFIB 7 4 V& —~5|JEE L, X
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IEEEIESE T, Z20%, FEL3MLDOT ANy Ty —T2R7 4 V¥ —ZHE LTz, FEFF
BFEE ORMEIZIZ 100 UM O AT b=V Z MUz, BEHEEZ y By o2 —I2 X HlE L,

7. CAMP AL ERBR

t b MTy, MT 2R EREL CHO Mt 10% 7 IR R MIEE A MEM- o 55 (MT, Z &K
B D A 500 pg/mL ¥ = 17 4 ¥ U)W T, FnEh 12 7 =)L 7 L — k (CHO-hMT,
5x10° Mk =) 12T 3 HiEH LI 96 7 =/LF L— K (CHO-hMT, 4x10* flifa/7 = L)
2T 1 HIEERR L7z, RBRANCT v A Ny 77— (HEPES &G te/ > 7 AfEfEiR) THld% 2
B %, 34 Y T FN-1-AFLXHF 2 (MT, 10 M, MT,. 100 pM) Z2&de 7 v A Ry
77 —BLUORBRILEHERINL, 37°C F 6 IRILE L7z, WNTTHLAay (1uM) %
WL, 37°C F 15 G &®7z, ZhEhimEFREE (CHO-hMTy) b L < (XM e A gk
(CHO-hMT,) 1= TG Z 1% . cAMP [*?I] assay system (GE Healthcare, USA) % L < X cAMP
Enzyme immunoassay Biotrack system (GE Healthcare, USA) % F\ T cAMP & &% HIE L7,

8. TANT AL, M-Il DBIRMERER

TANT A M-l DFREZHMER, A A F v x/L (Table3d) | BLUMEE (Tabled) (Zxf4
HVER &5 7=, MDS pharma Services (Taiwan) OIE#ET o h a—/LiZi3&, AL LL
IHIEMELEZBRE Lz, 10pM O T AT F 2 M-Il Z W CTRER#% ., 50%LL EOBLEFMENE
D BTG EIE, EEOREZ AW T IC A R L7z,

9. 3= I HIE R

2 OREIRINE 2 JE T 2725, BT O 2 (G s M, IREEICIRERHEMmR, S
DI RIZET A AN ERFLERHA AT o VABE I OIAAT, TS EBEEBELD AL LD
< e 1 EMRREEGE NS 3 2 RERIE 7 —2 (65X35X45 cm) (AL, 77— B LUK
R EBRIE~DEbE T o7z, #5 T2 M-111Z05% (wiv) ATk —REFHKERIZEY
MR, R 1 kg M720 01 ML OFEICRD LB T F AT vMIHRE L, ROKEGELT
olee ZOE I RFEITIRANTHT DA P VARRNRIZZ D X O ITEME N EM LTz, &£To
FRBRIT, M-I BE L EIERED 2 FE TR S N7z 2 A1 2 1D 7 bt A — _—F %A T L7z, &
BRI D7 < &b 7 HELES 7=, 4517 9 BF 55 757> 5481 10 BFOfEiZ M-11 (0.001, 0.01, 0.1
H LT 1mgkg) b L<IFEEOKREGZITV, EHIZMEAEZBRML, 8EMAE L, ¥ 7
FEAR Y 7 7 (Nihondenki-Sanei, Osaka, Japan) Z MW CHIMEL, 7 4 /¥ —% i@ L THRA
AU FRERIEE I LV FLER LT, M NT — 27 K L3HTIE Fast Fourier Transform system % fifi
L CEEE L7z, MEIR A 77— 13 1 4342 Rl (Wakefulness) . / > L AREAR (Non-rapid eye movement
sleep: NREMS) . L MR (Rapid eye movement sleep: REMS) (Z50%E L7,

10. 5 — ¥ fiEHT
FERIT A SRR A TR Lz, B N MTLZRIRICE T 5 cAMP PEAFREIEED A, 2 [B]D
AT U 72 5RBR O B KON 95%IEHEIR A X TR L2, AR IHE A B L OV cAMP BEAEFHZE O 1Cs
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WEIERIE T O AT 4 > 7 BRI LV B L7-, Kild Cheng & Prusoff ®=IZHEV Y, 1Cs. Kp.
T ~URBELNSEE Lz, R allB DMEREDZEIX o E S B 21T 7-1%. &
IV AHIIEZE D paired-t REIC KL Y, WEREHOEEZEZRE LT, AEAKEEZ P<0.05 & L7,



[#5R]

2-[N3— R AT h=r OfafifEARBRA S ARRBICHA Lz b MTi. MT, 285BI
B L O A R X —JbH 3 Quinone reductase 2 D Kp 1ZZ 4141150+ 3.0 (MT,).328+3.0 (MT,).
900 + 89 (Quinone reductase 2) pM TH YV, TN FE TOWREEY MT;, MT,, Quinone reductase 2
DNELZ 2-[*PI]=2— R AT R = OEFERE -T2, £, BARZEEESE (Bmax) 1ZFNZ
U555 +114 (MTy) | 133+2 (MT,) . 80.3+6.6 (Quinone reductase 2) fmol/mg protein T& > 7=,
B b MTLZFERIZBNT, FALTF AT F=2 XK 6 5@ OBURIE, 94 f55 0 CAMP
PEAEMMNEYEZ R L7z (Tablel) . FIERIC, B F MTZRBIRICEBNTH T ANVTFUIAT b=
YRR 3EEVBIRIE, K17 fFE W EENEE AR LTc, 223 — R AT F= 30N T IO AR
WX LT, T ALT Ay EIRZEREOBFE, FENEHEEZA Lz, —J. 7~ A —Quinone
reductase 2 (ZXf L C, T ANLTFUNIAT b=, 22— AT b= L0 bERLA 110 £,
2700 FHARVEIFIMEZ R LTz, M-I IZ DWW T b IE, R U BEHRE G 3 L OEINEMEREBR 2170
MIEEME LTTANT A AT =2 L7 (Table2) . M-Il O~ MTy 28R
TOHHMMET, AT h=r D3 E, TALT AU 10 FK< . Zh & —E L TESEED A
T b= DR A S, TALT A OR IT FHEh o7z, B b MT B RICH L CH IR, M-
IEA T h=2DK) 15 5, 7 ANT A OF) 5 FHRWERMEZ R L, FEEMES AT =2 Df
1.6 fi5. 7 AT F 2 D) 28 51K 0>~ 7=, —J7 . M-Il @ Quinone reductase 2 (Z5F4~ 2 F M 10 uM
DIRFIZBNT ORI ENT, FALTAH LD I BITENo T2,

Table 1 Binding affinity (Ki) and functional potency (ICsy) of ramelteon, melatonin and

2-iodomelatonin for human MT; and MT, receptors and hamster quinone reductase 2

Ki (pM) Ki (nM) 1Cs0 (PM)
Quinone
Compound hMT; hMT, hMT, hMT,
reductase 2
53.4°
Ramelteon 14.0+0.5 112+5 2650 + 180 21.2+0.5
(40.7-70.3)
904 ?
Melatonin 80.7+2.1 3835 24.1+05 77.8+£14.6
(714-1150)
60.7 ®
2-lodomelatonin 13.1+0.3 188 +4 0.964 + 0.015 26.8+75
(44.0-83.9)

Each value represents the mean of three experiments with the S.E.M. *ICs, values in the functional assay
were calculated from 2 independent experiments performed in triplicate. Numbers in parentheses indicate
95% confidence intervals of ICs, values. These data are cited from our previous report
(Neuropharmacology. 48, 301-310 (2005), Table 3-6).
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Table 2 Binding affinity (Ki) and functional potency (1Csq) of M-11, ramelteon and melatonin for
human MT; and MT, receptors and hamster quinone reductase 2

Ki (pM) Ki (nM) ICs0 (PM)
Quinone
Compound hMT, hMT, hMT; hMT,
reductase 2
208 1470
M-II 114+ 125 566 + 13.1 >9000
(60.4-850) (930-2380)
12.4 53.4°2
Ramelteon 11.6 £ 0.866 112 +5.35% 4780 + 832
(10.9-14.3)  (40.7-70.3)
48.1 904 ®
Melatonin 454 +£4.11 383 +4.99° N.D.

(36.9-63) (714-1150)

Each value represents the mean of three experiments with the S.E.M. ICs, values in the functional assay
were calculated from 2 independent experiments performed in triplicate. Numbers in parentheses indicate
95% confidence intervals of ICsq values. “The affinities and potencies of ramelteon and melatonin for MT,
receptors were cited from Table 1. These data are cited from our previous reports (Neuropharmacology. 48,
301-310 (2005), Table 3 and 6; Pharmacology. 93, 197-201 (2014), Table 1).

TANTF LD MTy, M ZHIRICxET 28 PEEZB OIS T 5720, KEZRIR, A 40T
¥ x/L (Table 3) B X UEEHE (Table 4) IZxi3 5iEA S L LGP EFZ M L7z, 10 pM O
FEIZBWT, FANLT A TN THOZEIR, A 42 F ¥ 3k LT 50 %Lh EofEE L EE
WEIRI Do T, M-IHIZEBW TR, & 512 30 FIE EBM U724 FREC kT U C R O ERIRERER
EATo TR, 5-HT e ZHMBICK L CORFEAHEE S Z R Lz, LaL, ZOBFMEZ 77 Ki
1£175+£023 UM TH Y . MTy, MTZ B MRICHT 28 F0ME L 0 & 22404 15000, 3000 5557
ST, F£72. 101000 yM D T A LT A M-I B FERESR IOk U CILER 2R S 2o 7=,

10



Table 3 List of receptors for which the affinity of ramelteon was examined

Receptor

Receptor

Receptor

Adenosine A,

Adenosine Asa

Adenosine A;

Adenosine transporter
Adrenergic o s

Adrenergic o

Adrenergic o,

Adrenergic aaa

Adrenergic s.g

Adrenergic oo

Adrenergic o,

Adrenergic [3

Adrenergic B2

Adrenergic By

Adrenergic B (non-selective)
Adrenergic NE transporter
Angiotensin AT,

Angiotensin AT,

Atrial natriuretic factor (ANF)
Bombesin

Bradykinin B,

Bradykinin B

Caleitonin

Calcitonin gene related peptide (CGRP)
Calcium channel (L type, diltiazem)
Calcium channel (L type, nitrendipine)
Calcium channel (L type (-) DEES)
Caleium channel (N type)
Cannabinoid CB,
Cannabinoid CB,
Cholecystokinin (CCKA)
Cholecystokinin (CCKB)
Choline transporter

Dopamine Dy

Dopamine Doy

Dopamine Dag

Dopamine D5

Dopamine Dy 5

Dopamine Dy

Dopamine Dy 5

Dopamine D5

Dopamine transporter
Endothelin ET,,

Endothelin ETg

Epidermal growth factor (EGF)
Estrogen

GABA transporter

GABA,

GABA , (benzodiazepine, central)

GABA, (benzodiazepine, peripheral)

GABA, (chloride channel)
GABAR

Galanin

Glucagon-like peptide-1 (GLP-1)
Glucocorticoid

Glutamate (AMPA)
Glutamate (kanalte)
Glutamate (NMDA)
Glutamate (NMDA, glycine)
Glutamate (NMDA, PCP)
Glutamate (NMDA, polyamine)
Glutamalte (non-selective)
Glycine (strychnine)
Histamine H {central)
Histamine H; (peripheral)
Histamine H-

Histamine H,

Imidazoline I: (centraly
Imidazoline I; (peripheral)
Inositol triphosphate (IPs)
Insulin

Interferon v

Interleukin (IL-1a)
Interleukin (IL-2)

Interleukin (IL-6)

Interleukin (IL-8)

CXCRI (IL-84)

CXCR2 (IL-8g)

Leukotriene (LTBy)
Leukotriene (LTD,)
Monoamine transporter
Muscarinic M,

Muscarinic M,

Muscarinic M5

Muscarinic M,

Muscarinic M

Muscarinic (non-selective)
Muscarinic (oxotremorine-M)

MNeurokinin NK,

Neurokinin NK»

Neurokinin NK,

Meuropeptide Y,

Neuropeptide Y,

Neurotensin

Nicotinic (central)

Opiate &

Opiate

Opiate p

Opiate (non-selective)

Phorbol ester

Platelet activating factor (PAF)
Platelet derived growth factor (PDGF)
Potassium channel (K )
Potassium channel (K rp)
Potassium channel (K.,)
Potassium channel (SK,)
Progesterone

Purinergic Pa,

Rolipram

Serotonin 5-HT, (non-selective)
Serotonin 5-HT, 5

Serotonin 5-HT g

Serotonin 5-HT-

Serotonin 5-HT,

Serotonin 5-HT,

Serotonin 5-HT s,

Serotonin 5-HT,

Serotonin 5-HT-

Serotonin transporter

Sigma @y

Sigma -

Sigma (non-selective)

Sodium channel {site 2)
Somatostatin

Testosterone

Thromboxane A,

Thyrotropin releasing hormone (TRH)
Transforming growth factor-fil (TGF-f)
Tumor necrosis factor-o (TNF-a)
Vasointestinal peptide (VIP)
Vasopressin V,

The data is cited from our previous report (Neuropharmacology. 48, 301-310 (2005), Table 1).
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Table 4 List of enzymes for which the inhibition by ramelteon was examined

Enzyme Compound (uM) Enzyme Compound (M)
Acetyl CoA synthetase 100 1 5-Lipoxygenase 30
Acetylcholinesterase 10 Monoamine oxidase A 10
Acyl CoA-cholesterol acyltransferase (hepatic) 100 Monoamine oxidase B 10
Acyl CoA-cholesterol acyltransferase (intesting) 100 Myveloperoxidase 10
Aldose reductase 100y MNeutral endopeptidase 10
Angiotensin converting enzyme 10 Nitric oxide synthase, constitutive {cNOS) 10
ATPase-H™ /K™ (gastric) 30 Nitric oxide synthase, inducible (iNOS) 10
Ca®™ /Calmodulin-dependent protein kinase I 100 Phosphodiesterase type 1 (PDEL) 100
Calcineurin (PP2B tyrosine phosphatase) 10 Phosphodiesterase tyvpe 2 (PDE2) 100
Calpain 10 Phosphodiesterase type 3 (PDE3) 100
Carbonic anhydrase 10 Phosphodiesterase type 4 (PDE4) 100
Cathepsin G n Phosphodiesterase type 5 (PDES) 100
CD45 tyrosine phosphatase 10 Phospholipase A 300
Choline acetyltransferase 100 Phospholipase C 10
Collagenase IV 100 P39y tyrosine kinase 10
Cyclooxygenase-1 300 pSolek tyrosine kinase 10
Cyclooxygenase-2 300 Protein kinase A, non-selective 100
EGF receptor tyrosine kinase ] Protein kinase C, non-selective 300
Elastase 30 Protein kinase C-2 100
Free radical scavenger, SOD mimetic 10 Protein kinase C-f (I and IT) 100
HER2 tyrosine kinase 10 Protein kinase C-y 100
HMG CoA reductase k1] Protein tyrosine phosphatase 1B 10
p-Lactamase 100 Protein tyrosine phosphatase 1C 100
Leukotriene A, hydrolase 100y T cell tyrosine phosphatase 10
Leukotriene Cy synthetase 1000 Thoromboxane A, synthetase 100
Lipid peroxidase 300 Tyrosine hydroxylase 10
S-Lipoxygenase an Xanthine oxidase 10

Effects of ramelteon on various enzyme activities were tested at concentrations shown.

Abbreviation: EGF, epidermal growth factor; HMG-CoA, 3 hydroxy-3-methylglutaryl coenzyme A; SOD,
superoxide dismutase. The data is cited from our previous report (Neuropharmacology. 48, 301-310 (2005),
Table 2).

P MTy MTo ZBAIROZ R IRER 72 5 NS 7 A VT A v OB, (EEEME 2 HE T 570
FTHDITY L MTy, MToZBRO 7 v —=2 71To 7o R, &t MUIZERICH L TENER
95, 96% & E\\T R L~ LTOMEMEE R L7z (3 Pharmacol Exp Ther. 330, 855-863 (2009),
Fig. 135002 2HR) , 2-[*13— F AT b= OSBRI S FL MT. MT 280
— ISP BAIIIC BT D K ldZ 24 19.9+6.87 (MTy) | 704+7.05 (MT,) pM THY ., %tE

MU FE P LBt 2R Lc, ZOMBEEICIBW T, 7 ALT A o8 MTy, MT, %
KR T DBFEEIA T F=0 K022 5 15, 3 fEm <. b MUSZFERICHT 5Bk
L% THo7- (Table5) , 2 e —FH LT, /b MT, MTL,ZEKIZEBIT 5T AT F 0 O
BEMED AT h=0 X0 ZNRENK 1065, 6 f5Eo7, EHIT, AT b= ZRREENIZEIC X
% WERRAR AR OFERIIMER AL & 2 2 5D P L SCNIZBWT H, 2-[PNF— R AT b= DR
HIfEA (Kp = 80.5 pM) N FERTX . T ALT A L OEAMEIZA T =2 L0 7 {E5EH - 7= (Table
5 .
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Table 5 Binding affinity (Ki) and functional potency (ICsy) of ramelteon and melatonin for native

and recombinant monkey melatonin receptors

Ki (pM) 1Cs0 (PM)
Compound Monkey MT;  Monkey MT, SCN hMT, hMT,
Ramelteon 12.3+1.00 40.4 £ 2.86 49.4° 28.5 +8.55 20.1+9.25
Melatonin 67.4+243 129+ 16.8 329° 274 £40.2 111+ 24.6

Values for recombinant receptors represent the mean + S.E.M. of three independent experiments. *“Monkey
SCN experiments were performed once in monkey membranes from 12 monkeys because of the limited
availability of tissue. The data are cited from our previous report (J Pharmacol Exp Ther. 330, 855-863
(2009), Table 2).

M-Il @ invivo IZE 1T D 1EENEIEZHEND D720, T AT A4 v OREE R MEIRIEEEH IS &
NTWD 3z AT, MEHIEIC X v EREOZ(LZ K L=, M-11 (0.001, 0.01, 0.1, 1 mg/kg)
RN %, 2 KOS IEIR 27— ORIE 2 H I L7z (Fig. 2) . 0.01 mg/lkg O A& HHR
WHEREAAZICHEML (F7=105, p<0.05) . 0.1mg/kg & 5HECITRERE &S 6 FE% X
TREGAICAC T L7z (BRIEREAR, Fio=121.9, p<0.01; %2, Fi; =870, p<0.01) . 1mg/kyg
BHRET AR OMEIRIEHEER 27~ L7 (TRIEIEIR, F;,=96.3, p<0.01; HEE, F17=56.7., p<
0.01) ., —FH. M-l TV TFTHhDOHAEIZE N TH REM MEIR & ICHELZ KT S 20T,
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Fig. 2. Effects of M-11 on sleep and wakefulness in freely moving cats

After oral administration of M-Il (0.001-1 mg/kg) or vehicle to 8 cats, EEG, EOG, and EMG signals were
recorded for 8 h. Data points represent the mean £ S.E.M percentage durations of the wakefulness, NREM,
or REM stage during each block of 2 h. *p < 0.05, **p < 0.01, compared with the vehicle-treated control
(two-way ANOVA; n = 8). #p < 0.05, ##p < 0.01, compared with the vehicle-treated control (paired t test
with Holm correction; n = 8). The data is cited from our previous report (Pharmacology. 93, 197-201

(2014), Fig. 2).
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[Z£]

ARENZEBIT D in vitro OZFEEERER, MFENEHERERR G, 7 ALTH 2 & M-Il X b
MTi, MT, ZHMEICxE LT pM A —F —D @0 EiFntkEds JOEENEMEEZ A L TR0 . £ OfFENS
PEDORIIIT ANT ALY > AT h=" > M-IDIATHD Z ERnhote, Tz, A HIE
ARBRICBNT, M-ILET AT A2 & RERICIRIZIEIR & 2 I S E L in vivo (238 T b AEEENE
WO BTz, & 5T/ A X —Quinone reductase 2 72 & NI K FEZ BRI, 4 A F ¥ 2 ABLO
FER kT 2 I UERBRICEB N T, 7 AT A4 & M-ILIZE b MTy, MT S BRI @RI 2
IRLTZZ D, T AT A OFNEI MT, MTZ B EE N LTS [ REMEDR E W,

TANTFHNIAT =020 MTy, MT RISk L TERENK 6 15, 3 f5m W BlfntE %
& B, cCAMP FEAMGIZFEIE & LIAFBNEME SR 405, 17 5@ olc, ZOTANTEH DA T
F=r X0 ERZBEEL, ARBREFL 2-[PNI—FAT b= 20 L fE oW & —
LTW% [34], 7 ANT A D KIEIZ MTZ BRI LT 79 pM - (A5 14 pM) | MT, %%
RIZxF L TIE 50 pM ORERER 112 pM) EiE SN TR D, OOl B2 5 FUTERE M (7 v
ANy Ty ) OEWVICER LTS Ly, G EAEREMNZAERILIGC EAE
NZRRICHES LTo@BIAEIRIE L G RAE M2 FIRD gl L - KB FPERE D — > ik hE
WH Y, MTy, MT, ZFEERIZB N THAIRREIZE T D U H Yy RBFMPER#HE S5 [35], =
NETOLL OWMERE, KRBT 2.2 — F X5 b= O O e 1 ST
X2 BRMRE B Z1T> TR Y . BICEBAEREOSZFRICHT b0 EEXLND, —F,
FROHETIL GTPyS L EIREOHLT NI ULET v A Ny 77 —IZBINTHZ LITLD,
AR EBIC AT ST BRI L Th, faBRaZ1iTo T, AT h=v, 7ARXTF
YIREDZL DV H Y ROBRMERME T T 57200, 7 ANLT AT E A EEL L0 o7 (MTy,
72 pM, MT,, 38 pM) [34], T DFER, TFANLT A UNIAT b= K0 MT. MT,Z B EICx L
TENTNK 21 5, 30 fEEmWEFMEZ R LTV, ZHHDZ LiE. T ALT AU BNnTho
SZREBOREIZX L THEBFETHY . AT h=v X0 b@EmOaEE R~ T RN H 5,

M-IL1E T AT A v L0 ROBIFTE (MTy, %910 fi5, MT,, $956%) . EEHGE (MTy, 917 1%,
MT,, #9328 f%) Z4A L TWeas, 3= MR HIE 23T 0.01 mglkg O &7 S AR HER 2 A
BN ESE 72, [J UHIERICBWTT AT 4 > O/ NMEgh AR 0.001 mg/kg TH D Z &0V
HEINTWD [27], X 2UTHBIT HEED O MAFEREILI 572> TWRWDS, /M ED
EWIIFEENEMEDOZNER LT 5008 LILRW, Ak, BRI S IEY OMNIRE 2T ~25 2
LN TENIR, FRNEBU LB RZ /R A R0 Y EBOFHME LA LN TE L TH A 9,

FANT A E MR B MT, MT S B RICK LT, AT b=0 20 b IERITm O BRIREZ
R LT, /NI A X —Quinone reductase 2 [ZxF 95 7 AT AU OBFIMEIX, AT R = AZHATH
110 < . MTy, MT Z BRIk 5 Ki @k (Quinone reductase 2/M Ty, Quinone reductase 2/MT>)
THAREHA, 7 AVT A UATZNEIH 630, 380 fi5m\ @IRMEA R L7z (Table 1 Ol &k
ALUTHEL) o M-IHZHOWTERBRICHE R U7- Mg (10 uM) & T Quinone reductase 2 (253
LREA MBS SN2 D o T2, A BR Tl L A X —ME 3k Quinone reductase 2 ZfEH L., & k
Quinone reductase 2 TORRFHIAT > TRV, %t MUUZBWTORFITT 20 E RN H 5, 72
7ZL. B ML RAZ—LDOFEEIZONTIE, AFE# D Quinone reductase 2 (ZxFd 5 AT h=
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ZREEBEEOBANEICE OHBIENHE SN TS Z e, TALTAH Y M-Il iTe M
KHLTHATZ b= TV ERWBAMEEZ R EHERISND [31], AT b=~ A7 nELt—H
— D E R T Quinone reductase 2 DFLEIEMEZ TN, AT A= ED X 5 A P¥EEICEE 5
T B 0MEH ST Ao TV, 7272 L. Quinone reductase 2 O P E IXIE MR FE &2 ) S5 2
LD, AT F=r OMIEEEER ~OR G RE X CE Y . 4% Quinone reductase 2 KO ~ 7
AEEANTEDHFEPRIEEINDTHA D [32], TFANVTHL AT h=rEDIEFADEWIC
BAL T, YT EBRAFERT v MEBFEIERER ICB W THE S TE Y . Quinone reductase 2 (25t L
THRMEATRT AT = oN-TEF Lt u b= RO T BRAIT L D EIRERE 4 B S
LKL, T ANT A NI EBEE RIF S0 o7 [36], 20 X 5 2 iEBhiRERE E (2 k95 Bn
ZVER I Quinone reductase 2 IZX T 2/EHDIEWREEE L TWAH b Ll £/, B MIE
WTAT b=t GABAL TEENEE E OOFHERIC Z D X O 7 fEEEREfEE 2 7530 8 ) iEE
LTBLMERD D,

P MTy, M ZFRICHT DT ANT AU BRXOAT F=ro@iftEiTe MR
LEFELHEEIL TR, AT h=r X0 ENENN 54, 3fE@mMN-o7 (Table 5) . i
P MTy, MTZ /RO T 2 7 BRI OFERMEDS B MU L CTEIEILK 95%, 96% & FEH 1T
mWeHEEZ LD, Ty bt AT M= UZFERBOMEEIZE VIR, MTy ZFEK
84%., MT, KD K 80% TH Y, IROFET/RT I HIZ, INS-1MED T >~ b MT 2 BRI xE
THTANTF L OFFEITA T h=2 LIFER%ETh o7z, £72. MT, SREEERRFEHIHK &
L Thikx 7lBRICHEH ST 4P-PDOT O MT, St RICHT I 2 8UfntEiE, B hE T v RMHT
#190 5072 (Ki, human, 0.46 nM; rat, 36.2 nM) 23t S TEHY . T > b TiT MT S A RERME
DMEVY [30], 2 X 9 A B EOFREZEIT in vivo (2B DB OFMRIC R & B A2 5.2 57120,
Bt L TEBIRNETHA I, AT b= ZRREEFEDOIERINENL T 5L SCN IZBW T,
2-[PN3 — F AT b= DERIREENRD BiL, ZOHFE (Ko, 80.5pM) ik ~ (Kp, 533
pM) °7 v b (Kp, 528 pM) L[RI%EThH 7= [37,38], ZOMEICBWNT, FALTHUNTAT
F=r X0 7 EEVEBFIEZ R Lz, ZROORRIZA T b = R IRVEB)SE O EIRFEAM 1
BWTH AL HAND YL IFFL TN D,

EXY, ZANVT AL M- MTUMT, ZAERBIRENEEE TH Y | M-I 1T & W AKGEET
EHLHN, AT P BIREREEE LTI AT DFNT—E%E L LTV 5 TR R &
niz,
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H28E MIALA_NMZBITBE T AT B X O M-1I OER M

[#E]

G &P IS REROEBFRCHETIERIL, 2 OERFRRFMIC L > THEsn T 5, il
ELBKRTHOWORTWD B27 FLF Y BRI OSE, 1 BFEERIORG2LELETD
FEIRERVE AL o salbutamol X° 1 H 1 [R5 O R FREFVEMA AL @ indacaterol 72 & 7238 % [39, 40], £ 7=,
ZHETOLL OHENDG, in vivo (81T 2 FERNOIERFERFEIL, JEMENRETZ 1T T2 <, 3
ERERY - & DR AR %Wﬁ?é_&#m@éﬂfwéoBZ?FVTJ/XQWWQ
HOGE, TOXOREF L LTI Ay RONREME, BRI OMBERE, SZRIR~DORHES

(rebinding) . ZHEEOIEEMEETNL~DFEA (exosite binding) 72 EMRZEIFT HNTW D [41-44],
DAt & LT, NK1 % 214K (tachykinin receptor 1) <° CRF1 5 %14 (corticotropin-releasing hormone
receptor 1) DFEHUE TIL, ZHIED B OFEBERFE A in vivo (2351 2 HEh O /EFAFe I 25 5- L
th[%AﬂmﬂﬁFS/xﬁ%W%%LOwT%\%®¢%%m%%¢ﬁﬁfél¥%%%#
2T 5 Z L3RBT 5 ECEETHD, o, (EMAFHGRRIXMEBIZRIC X 5 FERBUEE
IZR o THEELZIT HREMENR & D,

AT F=UZ R D AT b= AR OBUEEORFFEIL i vitro 35 X DVin vivo 1T W THEERE &
TS, B b MT B KO MT A ARTEHL CHO MifaIC BT A T b =3 MT S BRI HE
MT, S22 & 0 BEE IR E S B 72 [47]. ISR 2 AR (300-400 pM) D A T =
v 8 IR L2t MTy B EROERAFERNEIEIZIZ(L L2V olx L, MT A8 R 8uds=
BRONELZE > TR UBRREE TR Lz, £72, 20X AT F=12X 2% MTLZ &K
@%meﬁwimﬁémn§§%%ﬁﬁﬁésm&z%%c BWTHLEH LN TS [48], £
72, in vivo IZB 1T D BUE/FRER & LT, MTLZ B RIIRB L, MTIZEEROBET DV 7
DA —~AT h=2% 14 HEEMEES (1 mg/kg, s.c.) L7z, SCNIZEITDH AT =1 D
K IHIER X ZAL L2 vo 7= [49], A5 in vitro B LK WVin vivo DFENS, AT h=12
£ D MT S BRDPUEAEIL MT, ZF R & R TOERIZACITK W EARBIN TN D, F7z,
:ﬂi?’%?F“V®W%%ﬁ@K%¢6ﬁﬁﬁw<Oﬂﬁ%éhfwéﬁ\%7%:/xﬁ
RAEENEE ] DE WL Z AT G- 2 713 528272 - Ty [48, 50-52],

FR L7z K512 MTy B RO PURIEIEL MTy ZARICHEANTHEICAL D 280D, AETIE
MT, ZEERICBIT DA T F=0ZRREBIE (FALT A M-I, AT =2 229 —FAT
k=) OFERIFRHReIE 2 LG U 7z, SAFE ¥4 & & MT, 3881 CHO i~ 2 e L& L7214 .
M Ve L 2 D% OFAFT 2 EBNEEZ cAMP FEA S B3 L OV Rk ERK BN &% fiE
& UTRRIFIICIIE LTz, E7o, (EHFRIEOEWICEE T 2R 72 Al 720, FEE¥KIc Xk 5
LA, TEENFEDIREME TS L OSEARR & OfRBEHREE 2 fat L7z, RERIS, PWTENE MT 28K %
LT DT > ME B MIEER INS-1 2 AV T, EENEEM O/ RigetE O 2 B L 72,

17



[Fi:]
1. &K
R L7 7 FD AT b= ZREFEEFE O S 2 TRelor 7, )H RS TERAS
(Osaka, Japan) ([ZTEREINTZE5FED AT h = S BEIEEERIZLL T O@BY THDH, T AT
Ve ((S)-N-[2-(1,6,7,8-tetrahydro-2H-indeno-[5,4-b]furan-8-yl)ethyl]propionamide), M-11
((2S)-2-hydroxy-N-[2-[(8S)-1,6,7,8-tetrahydro-2H-indeno[5,4-b]furan-8-yl]ethyl]propionamide),
compound 1 ((1R,2R)-N-{[2-(2-methyl-2H-indazol-4-yl)cyclopropyl]methyl}propanamide) [WO Patent

W02008136382], compound 2
((1R,2R)-N-{[2-(2-methylpyrazolo[1,5-a]pyridin-4-yl)cyclopropyl]methyl }cyclopropanecarboxamide)

[WO Patent W02008136382], and compound 3
((S)-N-[2-(2-methyl-2,6,7,8-tetrahydrocyclopenta[e]indazol-8-yl)ethyl]acetamide) [WO Patent

W02008084717]. A7 h=r, BHKESR (PTX) | 34 VT FI-1-AF L FH o F 0%
Sigma-Aldrich (St. Louis, MO, USA) oA LT-, 2-3— KA Z b= /¥ F—/L{X Tocris
Cookson Ltd. (Bristol, UK) 75, 2-[*®I] 9 — K £ 5 =13 PerkinElmer Inc. (Waltham, MA, USA)
75, Anti-ERK 1/2 (#9107) | Anti-phospho-ERK 1/2 (#9101) | Anti-CREB (#9104) . Anti-phospho-CREB
antibodies (#9198) I Cell Signaling Technology (Danvers, MA, USA) 7»» 5 A F L 7=,
IRDye800CW-conjugated anti-rabbit IgG |% Rockland Immunochemicals Inc. (Gilbertsville, PA, USA)
DHEEA LTz,  EOMAaToORET Thermo Fisher Scientific Inc. (Waltham, MA, USA) 7 SHEA
L7z,

,OCE( @C Qo @,\

Melatonin 2-lodomelatonin Ramelteon

\ \

N N o

N ) A/H s A\/H TKA N, /\EJ&
B ] o) 0 E :[>

Compound 1 Compound 2 Compound 3

Fig. 3. Chemical structures of the tested melatonin agonists

2. HHRaEEE

bt ~ MTy %81 CHO fliafk (CHO-hMTy) 135 = CIER L2 b D2 L, 10% B #E 7 >
JR R I3, 100 units/mL 2=V > 100 pg/mL A b L7 k<A ¥ v & & T MEM-a 554 VT
5% CO, < NI THs#E L7, INS-1832/13 il (INS-1) X INS-1 T v hA 2 U J —~H RO
fatkc& v . Christopher B. Newgard & 1- (Duke University Medical Center, Durham, NC, USA) 75
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G L CWe2We, 1mM eV EEES R U & A 10 mM HEPES, 10% 7 it 2 ifiiE, 55 uM 2-
ANHT R H J— b, 100 unitsimL =V > 100 ug/mL A L L7 hvA v EETe
RPMI1640 5512 F\ T 5% CO, %8 T Theae L7z,

3. CHO-hMT MAR & OF INS-1 A o> i A 8

4% L7= CHO-hMT il #s J OY INS-1 il & PBS (2 C#eifri%. 1 mM EDTA & 47 PBS (2 L ¥
Baz 78 Lz, 30 LT (1000 x g, 5 49) MBEZIEULLTHE, Jkif L7 50 mM kU Ak
fFiE (pH 7.5-7.7) TR L, S HIRF % C-80°C IC CHRAF L7z, MBIIE 1 U A HERERE K (pH 7.5-
7.0) COMIORE VS A KB LU (40,000xg, 2053, 4°C) Ak LS Z L10£ ) Huft
L7z, & AER T Bicinchoninic Acid Protein Assay Kit % HVCHIE L 7=,

4. 2[PNI—KAT b= ORES. MREEEE ORIE

Tyl A Ny T =L L T50mMM Y ZRBERESEER (pH 7.7) Z HW T, CHO-hMT fifEfE (K
30 pg/tube) . 10 pPM A F h =2t L UFEHE (P ATF VAR F T R) Zdd L, BBRE Iz,
2ODERBEED 2-[PI2— F AT b= (50 L TR200pM) % ZIZENIFRMNT 5 Z & TG
ZBAst L7z, 37°C F 5, 10, 20, 40, 80 H L <% 160 IS S 7%, KA LI=T vEA Ny
77 —%MATY > b~ GFB 7 4 VZ—~KGEE L, OSEFILESET, 0%k, FHR3
mLOT vEA /Ny 77 —T3ET7 4 NVE—%WEH L CBEEEZy Dy 2 —IC XV RIE LT,
FERERAFES OMHICIZ 10 UM DA T b= ZH LTz,

5. FETF AR T b= R BRAAVEBNIK D ARRERE B I E

50 mM kU AHEEEFEEE (pH 7.7) (2 CAVR L7= CHO-hMT AR ~, 10 nM D% A T h =2
SZRRIFEEE (X7 h=2-3—FNAF b=y F ANTF 2 M-I, compound 1, compound 2,
% L <% compound 3) Z Nz T 25°C F 90 s S ¥z, FFREa Y W REERS 728, 50 mM
N U R HGEEEEENR (pH 7.7) %00 % Tl (40,000 x g, 20 43, 4°C) L. Ml 3 [m3ed L7,
Uy RSB SIERET 202l <Ted, T TOLREZ 4C FT{To72, 50mM K U 2
PR (pH 7.7) 2 MW Rl 2 fiE . 85 1 E = E % Bicinchoninic Acid Protein Assay Kit
ICEVHEIE LT, 50mM kU REEERFEETE (pH 7.7) % VT, CHO-hMT A (K 30 pgltube) |
10UM AT b= LA (P A F A Z LR X R) 238 L 3B 12N A, 200 pM 2-[*°1]
G—RNAT b=V ZFNTHZ L CRUSERMG LT, 37°C T 5, 10, 20, 40, 80 % L < % 160 47
MRS & 7%, ERRRBRICR S R L O 217, a2 e L,

6. INS-1MHfEEICIIT B A T b = U ZAREBFE OB MR
INS-1 HIAREIZ 31T 5 2-[PI]2— R A T h=0 D Kp B LR RZHREEE (Bmax) & RIET
L0, TykANy 77y —E L T50 mM kU REEREWR (pH 7.7) Z2HW T, INS-1 AffafsE
(%7 12-30 pgltube) . 10 uM A 7 b= LITEEE (DA FAALEF U R) 2L, Bk
BINZ, FIED 2-[15— RAF b= (6.25-400nM) Z ML TH 5 25°C F 90 43I
ST, BA T = UREERIFEEHED Ki 3B ARG &> TEIET 5720, 50mM U R IR
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B (pH 7.7) THBR L7= INS-1 M (59 15 pgltube) 12, AT b=2 TFALT AL 2-3—
FAZ b= (FRZH 0.64 pM-10nM) L < 1E M-Il (3.2 pM-50 nM) % il 2. 7= 50 pM 2-[*1]
I—RAF h=2&MAT, 25°C F 90 HRIRIGE W72, 0%, LRI IEiBs X 0%k
HaATV, BTG Z JIE LT,

7. cAMP RE

10%:BAT I 7 T RE R ME 2 & e MEM- o 5511 % VT, CHO-hMT, flild % 96 7 = /L7 L — k

(10° ffa/em?) \THEREL T 2 AR L7, 2%, MIEAY Bz lRE, 7oA Ny 77—

(10 MM HEPES Z & e/ > 7 AFRTEIR) TR LTZIREE (P AF AV ALEFVR) b LLIEAT
b= U BRREERNEE (X T =2 2-3— KA T b= 7 AT 4> M-Il compound 1, compound
2, & L <X compound 3) ZMNZ T 2 MefiE5#8 L7z, PTX 2 L72ikBhCid, fEEVEEASIMN O[T
H72x6 24 ¢ PTX (100 ng/mL) ZRILE L7z, AT b= ZR/RETEEL o F— 2 L
BT, AT F= U ARERERE L by F—L (10 uM) & (AR ALE L 7=, 2 IR
BER, 7TokA Ny 77— CHildE 2 B L, RGBSV TR B ME R & VT
IHIT15, 3. 6. b LT 24 FFfEEREE Lo, BUBIERBR Tl 74 42 23U RIS 7B
W (PAFIVANLERFUR) . AT h=r (0.003-3nM) . 2-F— KA F k=2 (0.001-1nM) .
Z ANT A (0.001-1nM) B L <X M-Il (0.01-10nM) % 5 43 IRIALE L7z, #i\ > T 100 uM 3-
AV TFNL-AFALIY U FUoeidGleT ANy 77 —HIZBWT, 10 M 7 4L 22 Vi
W% 37°C T 15 3T -> 72,

8. U Mk ERK HIERER

CHO-hMT, MilaDEE B LA 7 b = U B ARIEEFE ORITH L cAMP 3UBR & [FIARICATV, A5
fil (10, 30, 60, & L<{X120 43) RIS SHETz, AT b= ZBAMEEZEO/E A Rrfe il Tl,
TEBVSE DI I MR DO VEEds L OV 90 M OB B 21T 72, D%, 4% TRV LT VT
b FIZTHiflaZ==E T 20 oMEE L, PBS TV IR LIEH L7z, 10% 7 U6 R MG, 0.15%
TritonX-100 % & e PBS % FH\ T, —KHUIA anti-phospho-ERK 1/2 (FFR¥ 1:1000) 3 L O anti-total
ERK 1/2 (ffR=E 1:1000) Z AR L, MIUZIHRINL T4 °C F—Befh &7, PBSIZT 3 [EWeH
#% . TR PUIK Alexa Fluor 680-conjugated anti-mouse 19gG (A R = 1:200) H L O
IRDye800CW-conjugated anti-rabbit 19G  (FFR3E 1:800) A MAIZRMN L CEHIR T 1 REH MG SH
72 PBS (2T 4 [BI{% . % 7 = /L D% Odyssey Infrared Imaging System  (LI-COR Biosciences,
Lincoln, NE) (2 CHHAIL 7=,

9. U VMt CREB HIE#RBR

INS-1 fifazRY =LY Pra—h L7296 7oL L—bF (47 x 10° fifa/em?) (ZHfEL T
152 HIAEEE L7, AT b= ZFEEREBEOEETFEEZE~5720, 02% BSA Z&ie
Krebs-Ringer bicarbonate HEPES v 77— (7 vEA Ry 7 7—) HIZBWT, A7 b=, 7
ANTFH U 28— RAT b= M-I, & LUTBEE (DATFILALERF U R) Zflaic 10 43
FRTLE L ThHH, 1 pM 7 4L A2 ) T30 M LTz, A T b= ZRIREERR OFRAFTE
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PEAET HEICIE, RPMIL640 BT 2-3— R AT h=2 M-I, & L I3 (P2 F
ANRFTR) BREA~EINL, 2 RERZRICT v A Ny 7 7 —% T 2 [BIHlE 2 Bevs L7,
ZOH%, EHIZ 01 M 74V 23 U &R, 30 2RI L 7=, MiaRE & L Ol s g
@3 EFE0 U Rk ERK I ERER & [FIERICAT - 72, 7272 L, 1 kPRI anti-phospho-CREB antibody
(1:100) # XU mouse anti-total-CREB antibody (1:300) Zf#H L 7=,

10. 77— & fEHT

A RAIL PRI S AERERR 2 T LTo, Kp. ECso. ICs fEIX GraphPad PRISM software (GraphPad
Software Inc., San Diego, CA, USA) Z#HWe3E#Er A7 4 v 7 ElRaHric LV R L7z, Ki
1% Cheng & Prusoff O=UTHEVY, ICso, Kp. B 7 ~MRIBEEN SR Lz, 2-[P1]3— KA F K
=2 OFEA, REEHEE L, DT ORAHETT M, 2 MORED 2-[Pa—FATF b=
WA HERBRE RO R L,
Kob = [L] k1 + k2
Ymax = Bmax  ([LI/(Kp + [L1]))
Y = Yo (1 — exp <P %Y
ko= At ORI ESR, ko = MRBMEEFE B R, koo = ST OB E S, Ko = PHAREEE L. [L] = 2-[*1]
S—RAT h=U R (nM) | t= FOSERR (min) | Y = & 5 KOSERICH T 5 2-[P1] 2 — R A
F b= DR RAFES R (fmol/mg protein) . Bua = EAiED 2-[P1]2— R A T k= O KiE
A1 (fmol/mg protein)
2-[PNF— R AT b= O ABERR THH SN ki, ke ZFEND D128, Kp = kolky D%
WT KpZBEH L, F—Eoffnhn b B8 ST\ 5 Kp &l Lz, FEE 7~ k& o
B 2 H T 572, Malany 512X - THR iz Ttz vz [63], 2ok,
BEE T~k (L) & L <UEEHBES 7 -~k et () EZFR (R) & OMALERIL 2 551
ORI EEFZSIND,

Ky Kq
RL < R RI
— —
ko ks

AR B REE LT IR T~ AL AT, 2 OREE DD TR 7200, 13 & A 2RI S

ALRNWEEZ LN TWS, ZDd, LLTORITIT ks ZE E720,

d[R]/dt = [RI] ks + [RL] ko — [R] [L] ks

—d[RI]/dt = [RI] ks

d[RL]/dt = [R] [L] ki — [RL] ko

d[L)/dt = [RL] k, — [R] [L] ky = 0

Bmax = [R] + [RL] + [RI]

INHOEXNDL TRk 1) REHENS,

[RL] = Ky [L] Brnax (1 — ¢ “MH 7 Nk [L] + ko) + ky [L] [Ri]i=o (e “HH 1O — e Y/(ky [L] + ko — ka) (1)

Rl 1= = Kt T ~ARGRIMBRAARAC 551 5 I T AL A MO Z BRI A B, [RL = & 5 KUk

RERDICE1T D 2-[1]3— R A T b =2 OReRIGE SR (fmol/mg protein) | [L]. t. Bmax /T EFEIC
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FHLEEREFALTHD ki 2-[PNF—F AT F=r OfiaEERRSHE SNz kB X
Wk Z W THEE Lz, #atf#brid SAS (SAS Institute Inc., Cary, NC, USA) & W= t BiE, ¥
AVTLEAZXRESD LITFX Ry MREICLVITo72, AEAHEZ P<0.05 tHRE, ¥ %> b
BE) . P<0.025 (VA UT LAZXHIE) & LT,
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[#5R]

AT N = U REEEEOERFRR R 2 T 5720, FALTH Y M-Il A7 b=
FO2-3—FAZ h=rZHi (Fig. 3) ., £¥AIOE b MT B ERICE T D EEEM: (ICs)
35— (Tablel, 2) IZBWCTHELTEBY, FTROEBY Thod, 72IEL, AT h=rET AN
T A ATMNL L7z 2 [ OB A T L TS 72D, 2 DOEEFHT 5, A7 =1 (77.8, 48.1
DM) . 2-3— K A5 b= (268pM) . F ALFA> (212, 124pM) . M-Il (208 pM) .

—EBD BT KT U U R AAEENSRIL B, 7 N LT U 5K (Gs ) A8l & 7= CHO
AR BB AR L2 d0 W L SRAIBE R b RRfEn el M A R T[54, B5]. [AIBRIC, A T b= R
VEBhEE D VER Rt 2 Mit3 5 72, CHO-hMT M 36\ TEEFIGE 4 O VEENEE 2 J11E L7z,
AT b= U ER A 2 BpELE Lo, 2 BT v A Ny T —ICTHREL, TV AR
U U HEIZ X D cAMP BEARARIE L7, BRI L1, EAIBESERIC 7 4LV A2 ) R
L7256 . cAMP PEAETR G L < I3l & v o 7o FEEDSER) TR 722 2 2 T O BUS 23 812 S vz (Fig.
4A) ., Z O cAMP FEAHTRVER 1T sensitization &AL, 7T =7 T — BRI O IR LAY
RIS EEZ BN TVD [56], AT F=12 X5 sensitization |ZZ 1 F TICWME SN TEY
ARBRICBWTH, AT b= KO M-I sensitization 25| &L= L7z [57], 7=72L. £DOH
BOSHBITERRY . AT =R UFRTH7201IZ6t L, M-IHTHRIKEFERN Th o7, —
Tiv TANT H & 2-3— AT F= 38 AIRER b ATLERE KA LT cAMP EEA & FF
FERIZHNHI Lo, AU OFERIL, SEYOIFEENEERFREICRDIWEZ AW HGETH, 34
W CREAFIEIER 2D Z L 2R LTV 5,

AR ER OMERFHNE 2 S DI~ D 720 BAFEIEE (1nM) % 2 BRHATLE B L OFRER,
B R 24 WRfIM4 F ThER L B WEICHIT D 7 40 23 U % cAMP EAE B 4 i3t L 7= (Fig. 4B),
FANT F L 2-3—RFAT h=13 D7 < &b EAIRSE 3R £ T cAMP PEAE Z il L 72,
D%, IR&ICE OMBITEMEIZIEA L, 24 FFHEICITE90 sensitization 23E L7z, AT h=r%
L OYM-11IZ XL % sensitization |35 3 RERBIZR S 7-1%. HA LT,

IS OEEIBREZORIGEH MTy ZBEZN L TCNWDENE I TR D70, Gi EEAEMER
PTX & MTUMT, ZEEIEFTH LY F—= L E2HNT, 7 AVT A AL DERAENES LY M-I
2 & % sensitization (213 2 EF 285+ L7= (Fig. 4C, D) , PTX B X OV R— /L ORITALEIL,
T AT AN K DEAFE RS M-Il O sensitization & 582 iHAk Sz, b, AT b=
ZRNEENEED B 7p 5 AAEMEIT MTL B IRZ N LTCE- Th 0 | BRAAETEO A L MT, S 5K
DIEVALORRE CTIFHHATE RNV E R g0 o7,
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Fig. 4. Differential cAMP responses of CHO-hMT; cells to forskolin stimulation after pretreatment
with melatonin agonists followed by withdrawal

(A) Dose-dependent inhibition or enhancement of melatonin agonists on forskolin-stimulated cAMP
formation. (B) Time-course of forskolin-stimulated cAMP responses after agonist withdrawal. (C and D)
Reversal of the actions of ramelteon and M-Il on forskolin-stimulated cCAMP formation by PTX (100
ng/mL) and luzindole (10 uM). CHO-hMT;, cells were exposed to melatonin agonists (A, 1 pM-0.1 uM; B,
C, and D, 1 nM) for 2 h. Following repeated washing, forskolin-stimulated cAMP formation was measured
at each time point (A, C, and D, 0 h; B, 0, 1.5, 3, 6, and 24 h). Values are expressed as percentages of 10
uM forskolin-stimulated cAMP formation in vehicle-pretreated controls. Data are presented as the mean +
S.E.M. of 3 or 4 separate experiments performed in quadruplicate. Data were analyzed using t-test; *P
<0.05, **P <0.01, ***P <0.001 vs. vehicle. The data is cited from our previous report (Eur J Pharmacol.
757, 42-52 (2015), Fig. 2).

CAMP FBRICISI1T D A T b = U ZFREERIEOE OB LN D D720 U UMb
ERK L~ Lz L L L ClRBRORERZ 1T > 72, £ CHO-hMT Mificisv\T, U U2k ERK
AV EFRREE L LT BAFENEEOEETEMEZ HIE LT, T X CO/ERNESRITREKRFIIC Y VL ERK
ZHINESHE (Fig. 5A) . 1EEHEME (ECsp) 1ZCAMP ZF8HE L LI A L BB I THBELE (2T
F=2.356+94pM, 2-F3—FKA T k=1 152x21pM, T A/LT 4> 17.9+ 14 pM. M-II,
89.3+142pM) , £7=, ZALTA LY (InM) BLO M-Il 3nM) 1L DY b ERK DN
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Iy F=ic ko> THR L (Fig. 5B) o AAFEHIFRIZHIN 10 5% I3 L< U UBRL ERK %
HAAD (400%LA 1) X723, USHN 2 BERIRRICIZZ DU U ERL L UL 3 200%E TIX T L7 (Fig.
5C) . & bIZHEAIRE R TOWH 217V, 3R T 5 & U U ER{k ERK O T 220
olz, ZOTD, FAEBIEORAFTEIED FEOGSERBRIL, #EBEKE 2 BRAEE, EABRE
BLOVEFL, SOICL5ERERL THO Y VL ERK Z2J]IE LTz, T ALT Ay, 2-9—FK
AT B ALERHIA T b= M-IALEREIZEE, HAIBREZ S U UERE ERK O L ~UL3 &
-7 (Fig. 5D) . E72. M-Il [T\ b @EWY Uk ERK Oz 5l & 2 FREICE VT, 7%
FIEMEF 2RO N oT-, BLED cAMP & U gk ERK ORBRFER N D, 7 ALVT A b
2-3— RAZ b=, A7 b=V, M-Il LY LEERERFREEL L OZ ENRINT,

A B
= Vehicle
—_ B Luzindole

é 600 = ﬁ = 600+
= B * *
— 500~ M E 5004
g = o
S T 400 2T 400-
Es = £
¥ = 3004 2 ¥ 3004
z @ p=]

- o v
& 2 200+ &= 2 200+
g o 2
S 100+ S 2 100 |—.
w wn D
E 0 T T T T 1 _8 : 0
A 12 11 <10 -9 -8 s Veh Ram M-II
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C D
% 800~ E = 160
=4 S
= =S
g - 600- g S 1404
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£ E 2
Eﬁ 400- E & 120+

- E=]
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Fig. 5. Prolonged phosphorylation of ERK following withdrawal of melatonin agonists in
CHO-hMT1 cells

(A) Concentration-dependent ERK phosphorylation induced by a short treatment of melatonin agonists. (B)
Antagonistic action of luzindole (10 uM) on ERK phosphorylation stimulated by ramelteon and M-II. (C)

Time-dependent decrease in ERK phosphorylation during agonist treatments. (D) Concentration-dependent
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ERK phosphorylation at 1.5 h following agonist washout. CHO-hMT; cells were incubated with melatonin
agonists (A, 1 pM-10 nM; B, 1 nM ramelteon, 3 nM M-II; C, 1 nM; D, 10 pM-100 nM) for each period (A
and B, 10 min; C, 10, 30, 60, 120 min; D, 120 min). ERK phosphorylation was measured after the agonist
treatment period (A, B, and C) or at 1.5 h after agonist withdrawal (D). Values are expressed as percentages
of the ratio of phosphorylated ERK to total ERK in the vehicle-pretreated group (100%). Data are presented
as the mean + S.E.M. of 3 separate experiments performed in triplicate. Data were analyzed using t-test; *P
<0.05 vs. vehicle. The data is cited from our previous report (Eur J Pharmacol. 757, 42-52 (2015), Fig. 3).

MT, 2R 7 F NV OERFEIC B ST 2B F OO L DL LT, T 2T b=k
VEBIER DOZ RN & OFREEEEEICOWCHER Lic, R 7 UEAD e b MTLZER SO
fEBEREE 2 ET D7D, BIEMEHIN U 72 RfEA1E (delayed radioligand association approach) %
e, RFIEI, BICZ BRI ST 7 <AL B OB IR AF LT, %D
TN LT T~ OFRES BN D Z LIS TWS, £72, 2 [Pl — AT b=
Dkon (k) « kot (ko) ZHEMT D720, 2FOWEED 2-[P]5— KA F b= (50, 200 pM) %
AW R AR ERBRZ T o T2, S BB T LB D ke (K) 12, ZAUS kyy ko 35 KOV
WO ([FHE]l 00X 1)) ZHOVTHELE, 2OBED 2[5 — KA T h=r 0%
RARFE S DT 5 £ CRIE L., fE &3 £ /L (association Kinetic model) % fifi f L 7= /5 5.
kon (ki) 13 1.1020.11 x 10° M min™", kosr (ko) (3 0.0134+0.0023 min ', & 51T Byax 13 96.3%10.9
fmol/mg protein Tdb> 2 Z & 235373 > 7= (Fig. 6A) o ZALHAER ﬁﬁ%ﬁ@fi?ﬁ\ bREH S Ky (12.7
+25pM) X HE—=D 2- [BI] 2 — F A T+ = OEIFRE A M) &3k e 54172 Kp (15.0 + 3.0 pM)
CIRIF—E LT, BEMESY T2 REEERBRIILL T O X 512470, BEREED ko (ky) ZFHH
L7= (Fig.6B) , Jcict b MTyZ A% IS 7~V OIEBNIR T2 20 AT 5720, @R (10
nM) OXAFENFEZ CHO-hMT AN 2 TROS S Wz, £ 0%, ZHRKRITHES L TR WEE)
WaPo ThHrE, 2-[Pla—RFAT F=2 (200 pM) ZHM LT=, R T~V OEB A 2 45
ENBIEET 5 Z L1CE 0, 2-[PNF—FAT b=V IEEA SN TORVZER~ESTH 2L
WTEXLH0, HOENUDEHRICE > TZERBEESh TS L, 2-[Pll2—F AT b=
DZFEREEHRETELS 25, ZORER, (FEEEOMEEEE O RE SOIEIZ, M-Il > AT =
V> TANT ALY =2-9—KRKAT h=ThoTz (Table6) ., £7-, 2-3— KA T b= 0Dff
BEWEE (0.0119 £0.0026 min %) 1. BN OFEAHERBR CEM &N 2-[Pl]2— FAF h=rD
BT (0.01834+0.0023min ) & B < —E LTV,
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Fig. 6. Time-courses of associations of 2-[***1] iodomelatonin with the human MT; receptor

(A) CHO-hMT; membranes were incubated for up to 160 min with 2-[***1] iodomelatonin (50 and 200 pM).
(B) CHO-hMT; membranes were preincubated with each unlabeled agonist (10 nM) and then washed prior
to the addition of 2-[***I] iodomelatonin (200 pM). 2-[**°1] iodomelatonin binding to membranes were
assessed for up to 160 min. Data are presented as the mean + S.E.M. of 3-6 separate experiments performed
in duplicate. The parameters determined from these curves are summarized in Table 6. The data is cited

from our previous report (Eur J Pharmacol. 757, 42-52 (2015), Fig. 4).

Table 6. Dissociation rate constants (k.s) and half-lives (t;2) of melatonin agonists for human MT;

receptor
Compound Koft (Min™) ty, (Min)
Melatonin 0.0447 £0.0071 165+ 3.0
2-lodomelatonin 0.0119 + 0.0026 69.3 +£13.9
Ramelteon 0.0104 £0.0016 69.8 £10.0
M-Il 0.098 + 0.0096 7.25+£0.77

Data are presented as the mean £ S.E.M. of 3-6 separate experiments. The data is cited from our previous

report (Eur J Pharmacol. 757, 42-52 (2015), Table 1).

AT b= AR EEE DRI REME & SR IRBEEREE & ORR A NI T 5728, fiRBEHR
JE L cAMP R CGEAIBREEZ O 7 4V A2 U VHRKIZ L % cAMP BEA &, Fig. 4A) . & L< X
U Uk ERK 3R GEAIBRZE 1.5 K% O U U E8{k ERK L~ Fig. 5D) Z81F DA IE M &
OB ER~T-, 2O X D BT 2175720, T E TITHWE 4 SOEEBSRIZIN X C,
B2 3 >OfEShEE (compound 1, compound 2, compound 3, Fig. 3 2R) OF — ¥ ZBINEE
L7z GEF 7 S OVEEEE OMREEHREE X cAMP B2 (Fig. 7A. r? = 0.94, P <0.01) LY b
ERK #B& (Fig. 7B, r’=-0.92, P<0.01) (231} HEAAE L AEICHE L-, —F. B 7 FLF
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U U RREEN R O L 1X R 0 | EEIEONRTENE (LogD74) & ZRAFIEMEISAER L 722> 7= (Fig.
7C. r*=-0.02, Fig. 7D, r*=0.36 ) ,
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Fig. 7. Correlation of residual agonist activities with log koff and logD7.4 values

Residual activities of 7 melatonin agonists were assessed using cCAMP assays (A and C, as described in Fig.
4A) and ERK assays (B and D, as described in Fig. 5D). Plots were generated using data from 10 nM
agonist treatments. Each plot represents the mean + S.E.M. of 3-6 separate experiments, except for
measured logD7.4 value, which was obtained in a single experiment. The data is cited from our previous
report (Eur J Pharmacol. 757, 42-52 (2015), Fig. 5).

RN 2 FARDUENE DFAFTE M - 2 D5 AR D 720, 7 4V A=Y % cAMP 2EA ]
TEMEZFEIE & UC, (FEERTALEIC K 2 HESHFROZ (LA Et L, EEZEA CHO-hMT, A
Bl 2 RefALE U= %, MifZ 2 [E3eE L T DRIREOFEER A2 FERINL, 741223 v
% CAMP FEAEIT KT 2 MIBNEMEZ MIE LTz, RAAEMEIC S 2 2 SRR E DR B Z +/r 5 58
T 572, HRO cAMP #ER (Fig. 4A) IZBIT 52X FAIORKIEEZ R\ (FALVTH | 2-
I—RAZ h=20210nM, A F b= M-111X100nM) , 4 SOEEZED &S HFR T3~
THIF>7 b L., EENEMEIRN 2-4 58 Lz (Fig. 8, Table7) ., 7=72L, 7 ALVT Ay, 2-3
— RAT h=VEEWEGFEEEZA T2 0b o7, ZNOORBIEOREIZA T =%
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M-Il KV b REDoT2, ZHOEDRERND, AT b= ZRRNEENEE O S RRREE 23 2 OAF
MERMEICB G4 5 Z Rk S he,
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Fig. 8. MT; receptor desensitization induced by 2-h treatments with melatonin agonists

CHO-hMT; cells were pretreated for 2 h with vehicle or agonist (A, 100 nM melatonin; B, 10 nM
2-iodomelatonin; C, 10 nM ramelteon; D, 100 nM M-II) and then washed. Subsequently, varying
concentrations of each agonist were re-added to the cells. Following a 15-min stimulation with forskolin,
the cAMP content was determined. Values are expressed as percentages of 10 uM forskolin-stimulated
CAMP formation in vehicle-pretreated controls. Data shown are representative of 3 or 4 separate
experiments performed in triplicate. ICsq values determined from these curves are summarized in Table 7.
The data is cited from our previous report (Eur J Pharmacol. 757, 42-52 (2015), Fig. 6).
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Table 7. Changes in functional potencies of melatonin agonists after 2-h pretreatment with agonists

1Cso (PM)
Compound Vehicle Agonist ApICsp
pretreatment pretreatment
Melatonin 75.0+31.1 160.5 + 64.8 0.33+£0.01
2-lodomelatonin 36.6 +11.7 136.4 £ 18.5 0.63+0.12"
Ramelteon 19.2+14 61.7+5.8 0.51+0.01
M-I 261.3£26.2 516.2 £57.2 0.29+£0.01

CHO-hMT; cells were preincubated with each agonist (ramelteon and 2-iodomelatonin at 10 nM,
melatonin and M-II at 100 nM) for 2 h and then washed and restimulated with agonists (Fig. 8). Potencies
of agonists were assessed according to the inhibition of forskolin-stimulated cAMP formation. The
magnitude of rightward shifts in the concentration-response curves were quantified as the difference in log
ICso with and without agonist pre-exposure (ApICsp). Data are presented as the mean £ S.E.M. of 3 or 4
separate experiments. Data were analyzed using Dunnett’s test; P <0.05 vs. melatonin-pretreated group.
The data is cited from our previous report (Eur J Pharmacol. 757, 42-52 (2015), Table 2).

WTEME MT 2 BB BHIIICB VTS, A T b= BIREBNSEOE ARt O & el
L7z, Ty b MTZFIRZ BT 2 E B MR INS-1 fifa 2 W CRBRORBR AT o7, 2D
INS-1 #Ef@ Cl%, CHO-hMT AL & [FIERIZ A T b =228 MTL 2 K% 4 LC cAMP EEA 2 il 3
HIER0, BV A =V a v ERIEEITIENRESIN TS [68], o, ARBRIZHW
72 INS-LHIRIZ 3T T > b MT 2 BARORBLA E &Y PCRIZ L - THERR L7 (7 — Z R8#) .
BT L DT, AT b=V ZHEIEBEOB ML & T v B MTIZAF KRB TLTL
HARBE L2272, #11T INS-1 AR 2 W CEAEEIER D 7 » b MTy 2B/ x3 2 #ifnrE %
A [30], 2 [N — R AT b= ORRFE AR B, INS-1 HIBIC 50 T APER: A
ERAETFAE L. Z D KplE 17 £ 2.5 pM, Bpax 1 33 £ 2.7 fmol/mg protein T& - 7= (Fig. 9A) , £ A
I b= U RRERERO B Z BT 5720, 2-[P2—F AT b= LDV H v FEARR
AT o TR HFMEDNEM X 2-T— KA T h=2 > AT h= > FALTHY >SM-Il ThHho
7= (Table8) ., WIZ7 A/ A2V i3 Y Bk CREB OMMNZXI3 2 fHWEH 2 f8iE & LT,
TEENEME 2~ T2, SFBERI TR ERARIC Y Bk CREB OHINZIHI L, Z OEEhE DR
SONETHEFPEDNEE —F L7z (Fig.9C) , 72721, b b MTy 32 BARIC K9 5 MEEhiE M & 3o IR
B2, Ty F MTyZ /KI5 T ALT I OFEEIEMEIZA T F =2 L0 005 » 7=,
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Fig. 9. Affinities and potencies of melatonin agonists for the rat MT; receptor in INS-1 cells

(A) Saturation binding of 2-[**°1] iodomelatonin to INS-1 clone membranes. Inset, Scatchard plot of
saturation data. (B) Competition by melatonin agonists (melatonin, 2-iodomelatonin, ramelteon, and M-11)
for 2-[***I] iodomelatonin binding to INS-1 clone membranes. Values are expressed as percentage of
specific binding in the wvehicle-treated group (100%). (C) Inhibition of forskolin-stimulated CREB
phosphorylation in INS-1 cells. INS-1 cells were pretreated with melatonin agonists for 10 min and then
stimulated with forskolin (1 uM) for 30 min. Values are expressed as the ratio of phosphorylated CREB to
total CREB in forskolin-stimulated controls (100%). Data are representative of 3 separate experiments
performed in duplicate (A and B) or triplicate (C). The parameters determined from these curves are

summarized in Table 8. The data is cited from our previous report (Eur J Pharmacol. 757, 42-52 (2015),
Fig. 7).

Table 8. Affinity constants (Ki) and functional potencies (ICsp) of melatonin receptor agonists for rat

MT; receptor in INS-1 cells

Compound Affinity constant (Ki) Functional potency (ICsp)
pM nM

Melatonin 35+6.6 0.70+0.11

2-lodomelatonin 11+1.38 0.019 + 0.0025

Ramelteon 55+ 12 25+0.48

M-I 1000 + 55 33+9.38

Data are presented as the mean + S.E.M. of 3 separate experiments. The data is cited from our previous

report (Eur J Pharmacol. 757, 42-52 (2015), Table 3).

B2 7 N LT U URAMEEEIE O LFEL L, ARICH WA T b=/ MMEEEEO e b
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MT, 2 ERICHT 5 Ki & Ko & I3RS 2B H - 72 (rP=0.75,P =0.052) , £D7=% INS-1
FREEL B 1T 2 BAEENERD Ki 226, M-Il &£ 2-93—RKAZ h=03T7 v b MTy BRI L TE
NENE DRV, b LATBWFIERE 2~ EHEESNTZ, T2 TMAII L 2293 —RAT b=
Z VT, CHO-hMT, #lliE &2 F O 725808k & [RIRR IS INS-1 IR IC 350 2 7 fAimE 2 I E L7, INS-1
AR SRR3R 2 2 IRpHALEE L, 2 IV te, 74 v 23 ) A2 k0 30 s L7z, & DR,
-3 —FAZ b= 74022 ViR Y Uik CREB OINZ MG L72DIiZx L, M-Il I
sensitization 5| Z L7z (Fig. 10) , ZNHDOFERNDL, 2-9— R AT b= ORI 72 EH)
TEMEIX CHO-hMT, MR I AR RN 2 BIR TlX AW 2 &R EN T,

3 2-lodomelatonin
= M-I

p-CREB/Total CREB
(% vehicle-stimulated control)

Log [agonist] (M)

Fig. 10. Changes in forskolin-stimulated CREB phosphorylation following withdrawal of melatonin
agonists in INS-1 cells

INS-1 cells were treated with M-Il (10 nM-1 puM) and 2-iodomelatonin (0.1-10 nM) for 2 h, washed, and
then stimulated with forskolin (0.1 puM) for 30 min. Values are expressed as the ratio of phosphorylated
CREB to total CREB in the vehicle-pretreated group (100%). Data are presented as the mean + S.E.M. of 3
separate experiments performed in triplicate. Data were analyzed using Williams’ test; #P <0.025 vs.

vehicle-pretreated control. The data is cited from our previous report (Eur J Pharmacol. 757, 42-52 (2015),
Fig. 8).
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[Z£]

AREIZBWT, FHIT 4 FEORAT b= ZR/MEEEE (T ALVT A M-Il AT b= 2-
I— AT =) OinvitrolZBT D EMRRMER L O IS4 5 2 SR 2 ~7z, iﬂ‘
7 NVA Y U CAMP EEA R LUV VER{E ERK LUV EFREE & LT, CHO-hMT, fllfaic
T D VEREre R 2 it L7z, TR RS FE R T L <8/ (-3 — AT h=r =
FANT A > AZ h=v > M-I) | ZOXIRBWVEHNIEET v b MTy B EE BT 5
INS-1 fiflicisnTh Bl SNz, & 612, FEEREROBMAEMEIIE b MT AR L Off
B R &R < FEBA L7,

AHFFENIA T b = ZHRRVEBEIEOMER R DBV Z2 7R LT plOHE TH A 9, invitro 35
L Vin vivo IZBW T, AT h=1C2 X D sensitization 28 Z 1V E TICWIE SN TEBY, AT h=v
T2 DORRER, FHet R FENEIEZ RS v EHEE SNz [67,59], 77205, MTyZAEEZI L
T T2y 77— Ol A T b= BREICHED, LML L, sensitization % 5| X 2
TFTEEBEZILND, ARICENTH AT h=2L M-Il IZ X5 sensitization [ZFEAIFREEZIZE
U, K 3HEHmRE L7z (Fig. 4B) . — . TANLT AL L 22— AT b= d 7 4 A2a)

3 CAMP FEA % 3 BRI UL ERFGEMIICBEE L, $KAIBRZE: 24 BRI 1295\ sensitization % 5] & i =
L7z, 2D X 51T sensitization 34U 25 % A 2 v 7 IXEEHEER] THE2 > Tz, INS-1 flifaizis
THREERIC, M-I TEEAIBRERE, #2002 sensitization 25| 2 L7zDiZxtL, 2-3— KA T b
=AET AN AT Y CEER Y CR{E CREB O ZHI L= (Fig. 10) , {FEVERM CTRZR L%%A
AR BIEH FE AME R tE 35 X O sensitization O % A X U 7 OEWEAATWD EHERI S, LLFO
EOREFENRBEZ DN, AT b= RRMEERIRITE OMBEEE D 67, (FEI3EALE F1IC
Z R E R CRE 95 Z L I2 X - T, sensitization (2B 2 28L& FFE T 5, i\ CTIT 9 1ES)
FOBRE, WEHFHREIC L > T, ROBEREZ b SIFEERIE T 7 =gy 7 7 — B oEFEN %
‘Eﬁ%zh TR, B FE L sensitization A2 2, 2 AU & IS RRAVIS . ARBEEREE DBV MEE)3E

B LN %%¢5ET7TMW%/77_?%M£LM750_@iQQW%ﬁM
DT Y U ERL ERK Z4EE L L7o4 %%ﬁf&éht (Fig. 5D) . Z#U5 invitro (2315 5 1E
FFHeE D R A invivo IZE 32 7201203, MCEM L ~LIZB T 5 S H2R 58 EE T
b5,

PHI-A T b= 2[RI — R AT b =2 D & 5 72 T ~L U 7 v R RO fREEE 521
INETIESHESNTND, ZOX ST ~v ) T FOMEEER T, FER 2B

RHEERAERDDLZENTEDLLOD, MIRETDHV N REBEHEN 7 LT 20BN H
Do AWFFETIIIERIT 7~ ) 7 2 N O BEE B ER 2 MEERICRIE T& 5 515 & LT, BEhE
Bt U 7w RS EE W [53], ZOHIEORSIEY, BEFREOPH]-A 7 b= 2-[*1]=
—FAT F=C OMHERE & KGEZHOWTEB LIZHERIS 7 VAT b= 2293 —FA T
b= OfRBEERE 2 i 5 2 L TREELTZ, ESHTW5S 23— KA T F=>, [PH]A
?F:V@Kmm%ﬂ%ﬂQMBMN{Q%mmﬁf%b\Kﬁﬁ?ﬁﬁbk%&ﬂﬂnmmﬁ\
00447 min™" & < —F L7- (Table6) [52,60], & & ICfod WA 725 EE 5 H )71k 8 % LRI
7B (co-incubation experiment) z FHWIUIE, 7 A LT 42 M-Il D kot LIERTEX HTHA D [61],

TEEN IR DIRAFIEME L HEE S 2 T G-IKF & OFHBIfET 72 & | MRS~ oD I Rr B AUAE G I B G-
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%YW RORREMETIE < MEEEEMERFMEICE ST 2 2 s shie (Fig.7) . 7=
2L, VA ROZRIE~DOFELES (rebinding) 0% BIRDIEIEVEERAL ~DHE A (exosite binding)
HESET DA REMEIRE - T D [42, 44], 22, BVWMERRHiIEEZ R 23— KA T h=rR
RO PUBMFELZ S EHZ L2 &b DUBEIZERARHIECES Lan e B2 b s (Table
7

U EORERE Y, v b MTyZAFEFESL CHO Miflds KOV INS-1 Hifldic VT, AT h=r2g
(RVEBN I TR 7 DAE R 2 75 D | SR RRBEEEE Y 7 AT A v OERFsREIC B 53 5
ZENmmBEnT,
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HEIE T v MEB MK INS-1IZBT 5 T ANT F v DB REEER RN S 7 V024l

[#E]

AT b= T FNORE L 2 BIBERE & OMOELENMEN B NI K OEE T TRV TR
INTW5b, A7 h=rDF>HE~OEMEGIE, SIFECHEA v A U lfERe EORE 7
Vo — AR A E LT [62,63], [FIERIC, REMEA 7 F = ORMIBGIXHIRF & b O RIREE
® HbAlc L~V ahE L7z [64], 7o, AT F=2 O WEAR T i 2 BLBEFRIFRAE U A 7 OHIAN
EBIRLTEY, AT k= RO FIE I B WIS LE TR 2 s o 72 [65], I
AT b= XD RERBREIER OO FEEER SV . FHE, AT b= - EEORE
RIS INS-1 MWW T, 74 A2 ) URE TN a—ARRIZ L D4 A 3% E
3% [68, 66], 7o, MTiB IO M, ZHEKE~ T A2 HWFENS, A7 =D DX
IMERITEIC MTIZFEREZN L TND Z ERHES N TS [67],

BE AR EHIATENC A2 5 2 2 NRPEDOIRENA TEH 0 | (KN ORFBHERE & TH S 72178 &
ZREIFASES, MEH U X355+ L-ULZBUW T, Clock, Bmall 73 & O GIEVE(VIRF & Perl,
Cryl 72 E ORGSR F- D AEWVIZHIH LE S5 7 4 — RNy 7 =2 X ST % [68],
PERGEH 72 & OMGHHIENIC 310 2BE B R F O EEEIL, FFEHERIR T O BB BERR T 0 8 ]
HIRBLUCREEZ 5 2 REPREZSISE T Lol bR ST [69], #i 21X, Clock
B FOEE~ T A0 Bmall R~ T AL TFERECA A U U WEED B RO Hivd [70],
BRI Z L2, Bmall K~ U ADREBHIETIZ, 4> AU OB DS EE ICRmE ST
Wb, ZIHORBEFIIREFHEETREEAO NRICH LRI L > T ERZIINTNDIDOTH
%9 [69].

THE TR 2 2MEREICB VT, AT =V ARREHEG T ORBUCESEYEE 525 2 LR
RENTWD [71], LLRRL, ZAbDOFERFERIT—HL TBH T, EHMRESA 7 =
v DRFEIRERE], PR EOFEBRSLIMFOEWVICER L TWD Ot L [72-74], FlziX, MT,
SRERDBEFBL L, FEIEOMIRN WSS 2 HiIH LT D FEREMEETH T, A7 h=r 0%
BRSNS ST\ 5 [75], #512 von Gall & D Tld, FRERKFELE O
MT, Z B RZ BRREFIE T 5 2 LI X o> T, 77/ v A2b LR ZIT L7z cAMP & 7))L 33y
AU, Perl OFEMIMRBREE A5 X Lz [69], 2Dk 2 7RHARIT, 52 B TR/ cAMP
> 77 V@ sensitization 3B H-T 5 B X LTS, S HIT, MTy SRR KE~ 7 A0 FAKER
Ee T A EHWEMEN D, MTy ZRBEREN LIZAT F= v 70, FRERLSICEIT S
WL DD OKEHER T (Perl, Cryl, Rev-erba) OBEH U X L5 L OB L~/ VICEHE & E %2 ¢
DI EPRENTWD  [76,77] LL7ZRN 5, B MO R HER FRBUKTT 5 MT AR
T T NNELOZEOFFMEOEENTIZE A E LN/ TR, 2O L9 2IFRIZ. AT b
= U FERN S DR R HEE TR BL AT LT B IR RE~ DB A B+ 2 5 2 TEHTH A 9,

ARETIEZO LS REENONENE MTIZF R ZRBT 2 Ml & LCINS-L Mz RL, 7
A VT T DALE BRI RN S 7 F L O ETIR BT, T ANLT F U ALEER L%
DFRFEZICB W TY V(L CREB, A > RV U3k LUK EHE G 3RO L (b2 st LTz,
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(5]
1. &K
Z AT A ((S)-N-[2-(1,6,7,8-tetrahydro-2H-indeno-[5,4-b]furan-8-yl)ethyl] propionamide) (%
L TEMA 4L (Osaka, Japan) (2 CHARK S 47z, H89, 2/, 5'-dideoxyadenosine, GSK4112 (%
Sigma-Aldrich (St. Louis, MO, USA) 7 blEA L7=, /L2 R—/Li% Tocris Cookson (Bristol, UK)
M, 74V A2l i Merck Millipore  (Darmstadt, Germany) 75 AF L7z,

2. MiRRgE
INS-1 fifE O IX. & _F o [JFiE] 2. MilaksE & RIS L,

3. U YER{t CREB /& Bk

INS-1 fifazRY) =LY P a—hL7m96 7 =/L 7 L— b (4.7x10° fifa/em?) ([CHfE L T 15—
2 BRI L7, HBAES LA WPy = b LIZ 7 #0023 ) UAF{E, FRIFE(E
TIZBWT, TALTAY H89, & L<Iix 2 5 -dideoxyadenosine) #fifdiZhnz. 0.1% 7 >
iR VR LT & A RPMI1640 s #i b |2 T 2-14 B8 52 L 7=, sensitization DB Tl M %2 0.2% BSA
Z & T¢ Krebs-Ringer bicarbonate HEPES /X 7 7 — (7 vk A Ny 7 7 —) T2 BWEHE#%, 30 57H
T ANy Ty TEEEL T, 744223 UK (0.1pM) % 30 ST -7, FDt%
OFffAEE ., i, B _Eo [JFiE] 9. U ek CREB HIERER & [FFRICFEMm L, &%
¥ = L ORI E Lz,

4, A R U UERER
R U U {k CREB JIERER & [RIERIC, T A VT A 2% INS-1 MBI ATALE L7z, ALiE 2 %
L<Iid 14 BfRICE iz B L, Bih oo > 2 Y RRERE £ T-80°C FIZTRIF LT,
sensitization 35 X O Rev-erbo EEIEERBRIC B VTR, 7 v B ANy 77— Tl Z 2 [AIPEHT4 .
30T v ANy 7y —HTHE L, £DO%, 2FFH 7+ 122 (10 uM) & L <% 30
43[R GSK4112 (10 pM) Rl Z1T - 72, Hii BT oA 2 U 1%, AlphaLISA Insulin Kit
(Perkin-Elmer, Wellesley, MA, USA) % FVCHlllE L 7=,

5. EENELTRENEHR

INS-1 #ifzRY =) Pra—k L2477 L— bk (47X10* #ifa/cm®) (CH#EFEL T 2
ARG Lz, 0%, Ak Y U E{k CREB IERER & [FEED HIEIZ LY | {bEWE 2-14 R
WigE LTz, 740 A3l B EXOE 7V a—2RRKIC X 2 REEHE R 7O R REFEIE, T
DEIICEf LT, Zva—AE X OMIERE RPMI 1640 £5i1 4 FWNT, 7 A /LT A L RifALE
o 2 [EIGEA L, 15 ReREEEE L2, IRV T 7 L 23 ) o (0.1 pM) 38 L O 7 /L 21— 2 (12 mM)
Z Gt RPMI 1640 B HIIZAZHA L, 15 REFAIN L7=, X512 6 mM 7 /L2 — X & T RPMI 1640
BRIz 2 . AW (00 1. 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48IKffH) Hiaetk.
iz RLT ~3 > 7 7 — (Qiagen, Valencia, CA, USA) (2 CTiafi# L-80°C T2 TH#1F L 7=, RNeasy 96 Kit
B L 'DNasel (Qiagen) ZHWT, I’fF7 1 b a3 —/LIcfEvy, F—% /L RNA ZH1H L7-, RNA
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1% High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA) % H\»
T cDNA [ZHHRE L7, FRed K D ITISIR A2 TR U7, #8 20 pliwell D ISIKIZ72 5 K 912,
X7 =L 2B 7T 4~—, FAM § L <|Z HEX 7~k TagMan 72— ¢cDNA > 74 L
< 1HHEYE DNA 7 > 7 L— I (copy numbers, 1 x 10%-1 x 10°) . quantitative real-time polymerase chain
reaction MasterMix (Eurogentec, Seraing, Belgium) Z#%& 7 = VIC AN TR L7z, I/ ~—& 7
7 —=7 @ DNA B2 %1% Table 9 (Z7~x9°, 7900HT Sequence Detection System (Applied Biosystems) %
AWT, FREORISSEM (50°C T 243, 95°C F10430% 1A 7 /b, #i\ T 95°C F 15, 60°C
T 1% 40 A 7 V) Ko TERM PCR 2177, EREETEBRELET (Ty hionr7
4 Uy A) ORBLEIT, MxERD LIX AACt IEE W R ERIZE » TR Lz, EE
R DR BLEIIZRER FREEIC L > TIEE L,

Table 9. Primer and probe sequences for quantitative real-time polymerase chain reaction

Gene symbol Non-labeled primer (5'-3") TagMan probe (5'-3')
Nrldl F | CAGCGAGAAGCTCAACTCTCT | CCGTGAAAAGGCCCAGCTCCTCCTC
G AG

R | CCATTCCCGAGCGGTCTGC

Arntl F | GGTCGAATGATTGCCGAGGAA | ACAGGATAAGAGGGTCATCACCTTC

CAGC

R | CGTACTTGTGATGTTCAGTGG

G
Clock F | TCCCAGTCAGTTGGTTCATCAT | CACAGCCAGCGATGTCTCAAGCTGC
TA AA

R | CTGAGCTGAAAGCTGAAACTG

TG

Perl F | CAGGCTTCGTGGGCTTGAC CCTTCAGCCCCTGGTTGCCACCATG

R | CAGTGGTGTCGGCGACCA

Per2 F | AGAGGTTCATCCGTGGGTCC ACACACCCTGTTACGTCGATGGCGG

TA

R | TTGCCTTTCTCCTCACTTTCAC

A

Cryl F | TGCTCCTGGAGAGAATGTCCC | CCACTTCCTTGAGAGCAGTTTCCGCC
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AC

TGGGTTAGTTTGCTGACTGTCT

C
Cry2 AGCACTTGGAACGGAAGGC TCCGAGGTCTCTCATAGTTGGCAACC
C
GCCAGCAAGGAATTGGCATTC
PGC-1a GAGAGTATGAGAAGCGGGAG | ACACGGCGCTCTTCAATTGCTTTCTG
TC CT
GTCAGGTCTGATTTTACCAAC
GTAA
Srebfl CGCTCTTGACCGACATCGAA CAACAACCAAGACAGTGACTTCCCT
GGC
GCCTGTGTCTCCTGTCTCAC
Fasn CGCCAGAGCCCTTTGTTAATT | TGGGACACCCTGAGCCTGCCTCG
G
CTAGGGATAACAGCACCTTGG
TC
Rplp0 GGGCATCACCACTAAAATCTC | ACCATTGAAATCCTGAGCGATGTGC
CA AGCT

TCCCACCTTGTCTCCAGTCTTT

A

F: forward primer, R: reverse primer
The data is cited from our previous report (PL0oS One. 9, €102073 (2014), Table 1).

6. VTRZvTuy MEN
T AT A % INS-LMIfIZ 14 RpfALE L7tk 7' e 7 7 — B LEHRI A 7 7 /v (Sigma-Aldrich)
aepasht N> 7 7 — (Invitrogen) ZINx T, HETVTA A LTz, MET A &— OGN
5y %350y (15,000 x g, 20 47) &> ThREL, RIFTOEAERE % bicinchoninic acid protein
assay kit (Pierce, Hercules, CA) ZHWCHIE L7z, EA RURFL (4-12%) DK 7 = /VITHIlE
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T4 — b 2% 10ug O AN, SDS-RY 77 VLT 2 R NVEKIKENE{T 72, LD, PVDF
B (Invitrogen) (272K A& Z#55- L, Can Get Signal Immunoreaction Enhancer solution (Toyobo, Osaka,
Japan) THAFR L7- anti-NR1D1 antibody (AB40523, 1:600; Abcam, Cambridge, UK) . anti-B-actin
antibody (A-5441, 1:10,000; Sigma-Aldrich) (X > T, HEEAEZ /B LT,

7. T —ZfENT

FESTEE SRR TR L, XX 2 BIBL EARSE U T3 L 72RO RERB R L~
T OHFEFHFHEIL SAS software (SAS Institute, Cary, NC, USA) & H W\ CiTo 72, ALEREEOE
X IeBE BT R T oo, Xy NEEEBBREICL YV AEEZREL, AEKNEL P<
0.05 & L7z, IRERAMERBRICIS T 2 BIREEALERE & FIREE L oI, Ay 4 U 7 LRE %
1TV, AE/KHEZ P<0.025 & L7z,

39



[#5R]

AR CTIET » MEBMIE L R, MTZBIRORBENHRE ST\ 5 INS-1 Mz M L7
[78,79]. T A /T A2 OAERFEURIFHIZ: CAMP 3 7 F VD EAL IR D T8, T AT 4 AL
BB IOZOREZO Y VE{L CREB L~V AR Lz, ZHE TOREN G, FHREH (0.5-4
[ DA T F = A4LEIL, cAMP > 7L (U “R{k CREB 35 & UF CAMP response element % /1
LIZB i F5H) ZETDLZ N> T0D [568,79], & OICERMOZEILERFT D70,
JLEIRF A 14 FE £ CIER LTz, 7 ANVT A4 v % 2-14 FEALE LT\ 5, U Bk CREB L
VTR ORHGRINICAR T U, 2 RERALERE & 14 RpLERE & OMICBEE /e 221378 o
7= (Fig. 11A. B) ., 2 T2 M-Il RFTTIZHE SN TWNWDE AT b=V L FElE,. T AT 4
VALEZICHII AP L, T A3 ) VT 5 2 L2 Ko Cosensitization, /26 7 4 LA
Y Nz kDY b CREB HEMOHRIEM2M@IZE S 7z (Fig. 11C, D) . £ OHFRIEFIILE
BRIARVIEE ., EBENESWVIESHEE TH- 72 (Fig. 11D) .
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Fig. 11. Duration-dependent changes in CREB phosphorylation during ramelteon treatment and
after washout.

(A) INS-1 cells were treated with ramelteon (10 nM) for 2, 4, 8, or 14 h. (B) Concentration-dependent
decreases in CREB phosphorylation were assessed after ramelteon (0.1-100 nM) treatment for 2 and 14 h.
(C) After ramelteon (10 nM) treatment for 2, 4, 8, or 14 h, the cells were washed twice and stimulated with
forskolin (0.1 uM) for 30 min in the absence of ramelteon. (D) Concentration-dependent potentiation of
forskolin-stimulated CREB phosphorylation was assessed after ramelteon (0.1-100 nM) treatment for 2 and
14 h. Values are expressed as the ratio of phosphorylated CREB to total CREB in the vehicle-pretreated

40



control (100%). Data are presented as means + SEM (n = 3) and were analyzed using 2-way analysis of
variance followed by Dunnett’s test. “P < 0.001, 2 h treatment vs. 14 h treatment; “P < 0.05, *P < 0.01,
P < 0.001 vs. vehicle-pretreated control. The data is cited from our previous report (PLoS One. 9,

£102073 (2014), Fig. 1).

T AT A % sensitization IZH 1T D A T b = U RIRE L ONCAMP 7 L OB A2 D
2T D70, TANTFVEIFFIZA T b= U2/ EETEFEL Y F— b LT 74023
VEERPLE L, W R— bl 7 VR a ) AFIRIT T A VT F 02 K B sensitization % [H5E
L7= (Fig. 12A) , S BIZT7 T =gy 7 7 —BHEH 2/, 5'-dideoxyadenosine 35 X OF PKA BHZEHA
H89 % 14 WEfHALIE L 7-BE, [FIERD sensitization 23152 S4L, & OAERIFALE RIS RV I E B fife
TH-o7- (Fig. 12B) . ZNHDFERMNDS, T AT A2 K 5 sensitization [X A 7 b = Z /IR
I U712 cAMP ¥ 7 F LV OBRFEICRF L TWD & & X iz,

>
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Fig. 12. Blockade of ramelteon-induced potentiation of CREB phosphorylation by luzindole and
forskolin.

(A) INS-1 cells were incubated with ramelteon (5 nM) in the absence or presence of luzindole (15 uM) or
forskolin (0.1 uM) for 14 h. After drug washout, the cells were subjected to a second round of forskolin
stimulation (0.1 uM) for 30 min. (B) INS-1 cells were incubated with 2',5'-dideoxyadenosine (10 or 100
pHM) and H89 (1 or 10 uM) for 2 or 14 h. After drug washout, the cells were stimulated with forskolin (0.1
puM) for 30 min. Values are expressed as the ratio of phosphorylated CREB to total CREB in the
vehicle-pretreated control (100%). Data are presented as means + SEM (n = 3-6) and were analyzed using
2-way analysis of variance followed by Dunnett’s test. | P < 0.001 vs. ramelteon-pretreated control; “*P <
0.001 vs. vehicle-pretreated control; %%p < 0.001, 2 h treatment vs. 14 h treatment. The data is cited from
our previous report (PLoS One. 9, €102073 (2014), Fig. 2).

CAMP (3A VA Y U WG T 2R EERL 7T A FOOE D TH Y | INS-1 Az Is T
L AN cAMP D43 fEBRECHIRE N ~D cAMP JEHIBRTE I, A > AU U W EIINSE 5 Z &R
WE I TWD [80], ALERFFHKFRI MU RE Db 2~ D72, U ek CREB 5k & [F)
FEORBRT A > ZH T, INS-LAIEN S DA A U WERIE Lz, 2 BE O 14 B0 7
AVT A ALE T A R VB E A BRI T 872 (Fig. 13A) . 72, FALT AU D
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14 R AL ERE L 2 RFFRVALERE L 0 BB A A Y W E MR o 7o, & HIT, 14 REELERE
CBNTDH, T ANT A VRERD T /v A2 ) CFFFEA 2 Y o runigim S iz (Fig. 13B) .
Z @ sensitization |3V Y F—/MiZ Ko TRFE SN2 (Fig. 13C) . U »F2{k CREB O R & (&
TEAXD L, TANVTAUNIAT b= 2B ERE2I U TREH (14 BHE]) cAMP > 7L & K
HINCPRE T2 Z ENAMRETH D . ZDRER, BREZ DI LU sensitization Z 5| & #2292 & A3 /RmE2
iz,

A C  sea [E= Vehicle
3 2h - washout E- Luzindole
14 h —» washout 200+ 38
120- o 2001 c —_
c i
S 1004 = e 2 150+
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Fig. 13. Duration-dependent changes in insulin secretion during ramelteon treatment and after drug
washout.

(A) INS-1 cells were treated with ramelteon (0.1-100 nM) for 2 or 14 h. (B) After ramelteon treatment for
2 or 14 h, the cells were washed twice and stimulated with forskolin (10 uM) for 2 h in the absence of
ramelteon. (C) The cells were incubated with ramelteon (10 nM) in the absence or presence of luzindole
(30 uM) for 14 h. After drug washout, the cells were stimulated with forskolin (10 puM) for 2 h. Values are
expressed as the percentage of the vehicle- (A) or forskolin (10 uM; B and C)-stimulated insulin release in
vehicle-pretreated controls. Data are presented as means = SEM (n = 6) and were analyzed using 2-way
analysis of variance followed by Dunnett’s test. P < 0.001, 2 h treatment vs. 14 h treatment; **P < 0.01,
##p < 0.001 vs. vehicle-pretreated control; 4P < 0.001, luzindole group vs. vehicle group; **P < 0.001
vs. ramelteon-pretreated control. The data is cited from our previous report (PLoS One. 9, 102073 (2014),
Fig. 3).

CAMP > 7' /L %4 L 7= CREB DIEMEALIIAME B REFHES 7 O BRI 5 L T\ 2 [81, 82],
Z 2T, BRO Y UL CREB S BRDFERICESE, FANLT AU BLRT7 A2 Ntk D
7 S>OEEHEGF (Rev-erba, Bmall, Clock, Perl, Per2. Cryl, Cry2) ® mRNA J&E1Z58) % fist
L7zo 7 AT A 2 id Rev-erba 0 mRNAJE Bl & AL IE RF ] 46 L OV EAKAFRYICHIIN = & 72 (Fig. 14A,
15A) . —Ji. Z AT A I Bmal 1 OFBLZIRA IR T S, 2 Rev-erbo 2358554l K7
& LT Bmall ® mRNA Z8L 2 BEHEIHI45 2 & & —E L T\% (Fig. 14A, 15B) [83], Z#H &
IEXTRRAYIZ, Perl & Per2 OFBLIX T ANVT A itk SIRITIK T L7, £72. Perl OB
& 14 FEffe £ ClzmlfE L, Per2 ®FEHUZRE L Cidte LA L 7= (Fig. 14C, 15D 5 X O'E) .
Clock DFELUI T ANT AN Lo TUEEAEEL L2 > 7 (Fig. 14A, 15C) , S TW
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5D FEAEESICB T2 AT b=V OEMEIZELRY | INS-L HIlETIETZ AVT Ak - T
Cryl, Cry2 OIEHNEMET, T L AR S HHAICH -7 (Fig. 14C, 15F B L OV G), BBk
RNZ &2, 74V A2 ) R DHREHEBFRBEAENL, 7 AVT A0 SIRERFOLEH X
—rv %L (Fig. 14B BLUD) . LEDOFERNG, 7 ANT A ATRE, ALERFUKAFAIIC
IRFE AR THED MRNA BB A A8 S8, 20 K 9 ZeEFIEL cAMP o 7 F /LR &9 LT D ATRE
PEDRIE ST,

A B ;
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Fig. 14. Duration-dependent changes in ramelteon-induced clock gene expression. INS-1 cells were
treated with ramelteon (A and C; 10 nM) and forskolin (B and D; 0.1 uM) for 2, 4, 8, and 14 h.
MRNA expression of Rev-erba, Bmall, Clock, Perl, Per2, Cryl, and Cry2 was assessed using TaqMan
polymerase chain reaction and normalized to that of the housekeeping gene cyclophilin A. Values are
expressed as a percentage of the vehicle-treated control at each time point. Data are presented as means +
SEM (n = 4). The data is cited from our previous report (PLoS One. 9, €102073 (2014), Fig. 4).
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Fig. 15. Concentration-dependent changes in ramelteon-induced clock gene expression. INS-1 cells
were treated with ramelteon (1, 10, or 100 nM) for 2 or 14 h.

MRNA expression of Rev-erba (A), Bmall (B), Clock (C), Perl (D), Per2 (E), Cryl (F), and Cry2 (G) was
assessed using TagMan polymerase chain reaction and normalized to that of the housekeeping gene
cyclophilin A. Values are expressed as a percentage of the vehicle-treated control. Data are presented as
means + SEM (n = 4) and were analyzed using 2-way analysis of variance followed by Dunnett’s test. P
<0.001, 2 h treatment vs. 14 h treatment; “P < 0.05, *P < 0.01, **P < 0.001 vs. vehicle-treated control. The
data is cited from our previous report (PLoS One. 9, €102073 (2014), Fig. 5).

Rev-erba 1T sterol regulatory element-binding protein 1c (Srebp-1c) 72 E23 Fa'é%nﬁ“éﬁjﬁﬂ"’%ﬁu%%?ﬁﬂ
LTIV, Rev-erba FEENFKIIITIRICI 1T HIFESCa L AT v — LAk ZHET 5 [69, 84],

IZ Rev-erbo, (3R . B AIZIZIWNT, ENENT AT A VAT D5 M%%ﬂﬁﬂﬁ“é &
DRI TS [85, 86], £ ZT. 7 ANT A INTLD Rev-erba BEUEMIZER L, 7 ALT 4
N2 XD Rev-erba ¥ 7T NVDOIEMALZ T, £7. 14 KT A VT A U ALE% D Rev-erba &

HEEBLOEDO TRy 7T VOB ERF Lz, VZAZ T oy METND 7 ANVT A UiX
IR FEEMRAFAIIC Rev-erba B HE 2N SE72 (Fig. 16A) , [AIERIZ, Rev-erba OmFIFEI & L < 1%
TEMRIZ K> TR T2 L ST % 3 s+ (peroxisome proliferator-activated receptor y
coactivator (PGC-1a) . Srebp-1c. fatty acid synthase (FAS) ) ® mRNA 2L % JH~<7= [84, 87].
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Z AT F 0L PGC-la DB A ZE L <IKF &, F£7= Srebp-1c, FAS OFEELZ DT 0723 b
b &H7= (Fig. 16B-D) , & HITT AT A 03 14 FEEIRTALEIC X VY Rev-erbo /EEIHE GSK4112
WZE DA ARV M ZEEE L7= (Fig. 16E) . ZALDOFERNG, T AT A0 O RRFHAL
&1 Rev-erba & 7 SV AT 5 2 L ARSI LT,

A
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Fig. 16. Activation of Rev-erba signaling by ramelteon treatment for 14 h. INS-1 cells were treated
with ramelteon (1, 10, or 100 nM) for 14 h.

(A) Expression levels of Rev-erba protein were detected by western blot analysis. (B—D) Expression of
Rev-erba-regulated genes (PGC-1a, Srebp-1c, and FAS) was measured using TagMan polymerase chain
reaction and normalized to that of the housekeeping gene cyclophilin A. (E) After ramelteon (10 or 100
nM) treatment for 14 h, the cells were washed and stimulated with the Rev-erbo agonist GSK4112 (10 uM).
After 30 min, the amount of insulin secretion was measured. Data are presented as means + SEM (A, n = 3;
B-D, n=4; E, n= 6) and were analyzed using Williams’ test (A—D) or 2-way analysis of variance followed
by Dunnett’s test (E). P < 0.025 vs. vehicle-treated control; P < 0.001, vehicle vs. GSK4112 treatment;
P < 0.01, P < 0.001 vs. GSK4112-treated control. The data is cited from our previous report (PLoS One.
9, 102073 (2014), Fig. 6).
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T AT F T XD Rev-erba. Bmall OFHEAENZBWNT, AT F=UZRIEO T cCAMP >
TFINREOBRGERONIT D70, FALVTHEALTY U =L, L LLLIE T+ Aa ) v
Z VAWFRIRIFFALE L7z, Ly R—= LB LT A2 a ) 3 2T A VT 4 12 X % Rev-erba,
Bmall O#BIZE 2 HE L7z (Fig. 17A-D) . T ANVT A UAIAT b=V ZFIK D cAMP &~
7 F/W%E4r LT, Rev-erba, Bmall DB AZEEB S HTWHEDOTHAH, £z, I T /1A
U NET AT A2 KD PGC-1a, Srebp-1C. FAS OFBLNH HHE Lz (5 — 2 RKEH) .
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Fig. 17. Blockade of ramelteon-induced Rev-erbo expression by luzindole and forskolin.

INS-1 cells were incubated with ramelteon (A and B, 5 nM; C and D, 10 nM) in the absence or presence of
luzindole (A and B, 15 uM) or forskolin (C and D, 0.1 pM) for 14 h. mRNA expression of Rev-erba and
Bmall was measured using TagMan polymerase chain reaction and normalized to that of the housekeeping
gene cyclophilin A. Values are expressed as a percentage of vehicle-treated controls. Data are presented as
means + SEM (n = 4-6) and were analyzed using 2-way analysis of variance followed by Dunnett’s test.
P < 0.01, 7P < 0.001 vs. vehicle-pretreated group; P < 0.001 vs. ramelteon-pretreated control. The
data is cited from our previous report (PLoS One. 9, €102073 (2014), Fig. 7).

AR L7z & 2 ST > O FERARFEEEICHBV T, A7 =213 cAMP > 7 /L ® sensitization
KT LC, Perl OFIMIMRIBLZFHRT 2 2 LR @mEEIN TS [B9], L7zn3-> T, INS-1 #ffi
IZBWTH AT b= REREBESRIIREEHE R T ORI RE 2 FHE T L /R D D, Z DK
MAMEET 5720, 10 nM O T A LT F 0 2800 (2 B & L < IR (14 i) @k
FOVEH L, ReF B R BL A RRIRFRYIC 48 RERIRIE L7z, $5Miialci VT 7 40 A 2 ) Rk
FREISF ORI BLZFHE T 2mRICESE KRR TIE T AN T AV IRERICIVa— 2%
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GERVEMIT 15 BRI L Tvh, 744 2a )y (01uM) EE s v a—2 (12mM) 12X
DR A AT [82, 88, T AT AL O EREFALVE R BRI ATALERE & b, Rev-erba &
Bmall O EHIHI R OLEEIEZ K& < L7z (Fig. 18BA B LTUB) . ZH & I3 BAYIC, Clock D%
BT AL B O ENT K D ED/NE o 7= (Fig. 18C) , 7 4 /b A3 ) v & @& 7L o — 2RI E %
Perl DRBNFHE I, 7 ANT A OREHAIAEIC LY ZoRBlIIEMR I (Fig. 18D) .
PLEMNS ., T AT 40 ORFEERTLEILZ D254 12358 T Rev-erba & Bmall o J& Hif)# H %
KI5 Z ERENT,
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Fig. 18. Time course of clock gene expression after ramelteon pretreatment followed by forskolin and
high glucose stimulation.

INS-1 cells were pretreated with ramelteon (10 nM) for 2 h or 14 h (A-D). After the washout period, the
cells were stimulated with forskolin (0.1 uM) and high glucose (12 mM) for 1.5 h. Following removal of
the stimulant, the cells were incubated in a serum-free medium for 0-48 h. Clock gene expression was
assessed by TagMan polymerase chain reaction and normalized to that of the housekeeping gene
cyclophilin A. Values are expressed as the percentage of vehicle-stimulated controls at 0 h after stimulant
removal. Data are presented as means + SEM (n = 3) and were analyzed using 2-way analysis of variance
followed by Dunnett’s test. “P < 0.05, *P < 0.01, **P < 0.001 vs. 2 h-pretreated control at each time point.
The data is cited from our previous report (PL0oS One. 9, €102073 (2014), Fig. 8).
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[Z£]

AREIZBUNT, FHIL INS-L M) 2 7 AT A v OB R RHKAFH) 72 AN & 7L o
FAbE R Lz, 20X 5 222 EITiX cAMP & 7 VRS BEE L T e, T AT A v & ALE
LTWaH, U Bl CREB XA AU 3 Uh72 ED cAMP 3 7 F L S Fifee I HIH S avfe, —
F. T ANTFUBRER, cAMP 7 )L d sensitization 2SHTALERFEIZHAFI L CTE Uz, Fiz,
T ANT F ATRER KA R HE S F O BL A A8 S W72, FFIZ Rev-erbo DFEHLITT A v
TAUORRFMABIZE VML, TROY 7 Vb REESNZ, SOIZT7 ANT A UBRER,
TV A Y @I a— AR X D Rev-erbo 38 KO Bmall o AR B Mg S iz,

FANT FH LY R CREB L UL Z FRGeAITAR N ST, TR TORE (7 10%) |
INEho 7z (Fig. 11B) . TR E LT, fiH L7z INS-1 i 2 T~ = 2 RARO R H EMEK
NI R, ARBOSM (ROMERE, 7422 ) VA L) CET T oAgYy s T—F
DIEVEIMEN =D EHEE S D, 5, BH2EHD Fig. 9C Tridi L7 L 217+ v 2=l i3 Y
VRt CREB OHIINICK LT, 7 AT A TR 0% R Sz, B b MTy A RFEEL
CHO ffifid & 1372 0 | INS-1 MAIZ BT 5 T A VT 4 5% sensitization [X, 7 A /LT A BRER
FOBEEEZNLEZE SN (Fig 11C) . ZHUITALT A DOT v b MTy ZBRICRH 258
FavEZs, & PRIEERLRY . AT P2 ERBUTTH L0 (5 2 3 Table 8 M) | ZAK
iR S 785 < | PN sensitization NEU7ZDTHA D, T ALT A UNIAT b= OB
L R, ATALE RT3 K OVEEE (2K TE L 7= cAMP & 7 /L@ sensitization % 5| & = L7223, %
DIERIE D2 0 IKVALERFR] (2-14 Kefd]) | JREEHPA (0.1-100 nM) (272> THpId 5 Z & 238
o Tz, sensitization OFEFFIZH ST/ > TR0, TFANLT A T30 2a V] b L
IFWYy R—=L & ORIFFLERBR) S, AT =0 ZFRKO Tt Th 5 cAMP #R 2  L T,
T AT F AT LB sensitization 3E U TWD Z ERRE I (Fig. 12A) o INS-1 fifaic 31T
D MTLZBIRD ) 7 13 AT h =35 sensitization 21K S5 & OHENS | ARk

BT DT AT A O sensitization & MTiZEEREZ ML TWHEEZX LD [67], £72. PKA
FEARL, 77 =gy 7 7—BERZ O RBEEN D, PKA S LIEZDO Fig 087 A
JVT A D sensitization (2B 5 LT\ D EHERIS LS (Fig. 12B) . 72720, 7 AT F UidmiE
J£ (100 nM) 1238\ T cAMP & 7 L & R Il L7 2 & v 5, x-opioid 2 &R &4 L 7=
sensitization & IR | ZEEKOPUEIEIZREE L2 TH A H [89],

INS-1 AHARIZ BN T, T AT A UNIAERER LIz 7 DOREHERFHED 9 B, FFED mRNA
BN DI, MERFINHRAT LR BIA B 2753 L7=, Perl, Per2 ORIULT A /LT A 4LiE 2
R IC B IR T 9 5 23, 14 RFALE % 121 Perl OFEBLIZ 2 h o — LEED L~LE TREIE L.,
Per2 OFEHTLC0M N L7z, Perl, Per2 ®ERE X CREB IZ X » T b EIND Z Lnn, 7 AL
T A DV UL CREB K FHEHIZ XL - T, Perl, Per2 ®¥EHLITALE 2 RFEIZRIZIK T L7z & %
55 [81], 14 WEfEALE DR, U ek CREB O L~ULTEHHIICIR F L TW2Z & 2 &8T5
& 8 HFRALE D RIZ CREB (2 L CHEHIMEM é‘fxT?L inducible CAMP early repressor 7318 S 1,
Perl, Per2 OFBLINHIZHE Lz LHERI S5 [90], & 5T, Rev-erba, Bmall OFEHLIL 2 ¢
& 14 R ALERE O CRAREIC B 72 o 72, BLBREN Z & 12, Rev-erbo OFS BLTALE REIZ HB L T
BN U7z, AT b =03 FEIRMEEH O Rev-erba F L A4 SUMICAT) S, ZONAHZFH T 5
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ZEMHES TN D A, ALERREKTH 7 Rev-erba DB LE 2 EZET 5L, 2D X ) RB%R
A CE 5 LivZewy [91], Rev-erba D #in5 3 Clock/Bmall (2 L A5k & Per/Cry (2 X% b
Z 2 AN Ko THIfE &, FOFER Rev-erba OB IEEINAA L 5 [69], AHAFFETiL. Bmal
DFEBPME T L. Clock DFEIUTZE Lish-72Z L5, Clock/Bmall A MKIZHINN L Tu7aun
EHEIEND, TDI=H, T ANT AT K D Rev-erba FBHHEOMFIIRHTH L0, 740
ZaY B TANT AT N AT o LI Yy F—b & ORIFFLERER ) D, A
7 F=UREERO TS H D cAMP & 7 F LR OB G- R E LTV 5 (Fig. 14, 17) , 414,
CAMP > 7 J /L3 ED K 912 Rev-erbo Z #9528 520 LTV BERH S 9,

INFETOBBEOHREND, AT h=12 X D Rev-erba O JE IR BIEB ~DIEH N 5T
W5 [77,91,92), AT h=rOEA, U THOIMBERELZRET L. 7> b TEEKRK
Iz 31T % Rev-erba O JEARIFRBLE LT D [77], 7272 L. SCN IZFW Tk Rev-erba O JEH
HIFBIAZAL L2V, Fo, 2O XKD R FERIKEEEICKT 2ZMIEA T = OfkELIZ X
STHNZHEIET D, =T, AT F=UZBE ) v 770 b= ADOMRENL, MTy b LT
MT, ZBEDORINC LV | EIRIZIS 1T D Rev-erba FELAMEM L, MTiZBFRKETILIEIDIZZD
REAR B RIHET 5 2 E Mo T VD [93], ZHBDZ END, AT =137 F /LD Rev-erba D
BERRBUSKT T 2/EHIEL, BRI Lo TRESERDZENRFRBRINTWVD, AT F=21F in
vitro (2B W TRIIAFEIZ K - TR D EHEI FREALE 25554 508, TS HEBIKFIEZ AT
DHh LIV [71], AW THZ INS-1 HIIZ W T, 7 AT A v 2 RIFRIATLE S 5
ZEiZkh, Trnrral . mUva—ZfE TR S5 Rev-erba, Bmall OJEHIRYFEELD
IRIEAHEIE < 7= (Fig. 18) . —J7. Perl OFEBUIEI DO —@IEIZEIIN U7, Mg R & Rk
W27 A2 Y CRIE, 8 x OMEIZB T HREHEE FRBAZRFH S5 2 L1tk - T, KEf
LT OB AR5 [82, 88], T A/NT AN E D cAMP & 7 J /L d sensitization 13,
2O XD RFEIFAERIZES L, Rev-erba, Bmall O EHIHIREBLOIENE 2 808 L= rIEEMERH 5, &
7o, AR U7e FHEARPEESS & [AkE, 7 A VT 4 U RLEIC K 5D Perl OFEBIHEME sensitization 73
FK LT D 2vh LivZew [59], Mz . Perl/Per2 28 i~ 7 A Tl Rev-erba DA H 3 HL2NEES L
TWDZEND, Perl ®—iBAYZEBLFEE N Rev-erba OEHRRBUCHEL TWHZ EHEZ LN
% [83],

Rev-erbo |3k IV THER 8819 2 LA EIR +CTd v . IR 728, &
JEGIESSZ . /22 DWHN Y T F N E BT 555 FTh D [69]. Vieira OIS MIN-6
MIRELIZ BT, SIRNA (2K > T Rev-erba BER AL T SHEL Z LIZLY, Za—ZGFERA AV
VO WSOMINE T 7 & D B IR RE SR E S NS T A HE L TWD [85], Lo T, TANLTA
2K D Rev-erbo FEHIFHEIT B Milatkiez it T 2 LHEESND, ZOL I RREL —EL T,
Z AT A1 Rev-erba EENFRIC L B A AU 3z {Edt L, Rev-erbo @ FiitEfa & LT
WE SN TS Bmall, PGC-la, Srebp-l1c, FAS #BiA{ F X¥7= (Fig. 15, 16) , Rev-erba |Z
£ % Srebp-1c. FAS RELHIEIIHEN TH L7280, T ANT AL D I HEEF~DIERN
Bmall %> PGC-la (ZHERT/hE oz LHEI SN D, BURIRANC LIS FERIKEERR TIE, AT |k
=03 OVER R R O # A Cryl OS2 58 BLAE & sensitization (2 L 5 Perl F8BLFHEIC &
S TEB L, FURBAIE A VE > ORB 24T 5 Z L BRE S TWD [75], [FERIC Rev-erba

49



IEA T =y 7PV OERFHGRR O W2 B HIRUEEREIZ AT 2 00 LivZauy,

AT M= ORIEPED INS-1 Hifld & S THEEIL TWD E WD R, (7422l Azt 5
sensitization 01 A U U WMER 72 &) ITHSE | ARBFE TIINENE MT 2B R A 3BT DS
DETNELTINS-L ffEzEM A Lz, Lo Uaed s, BrahEs R BN DU ki
THERSTVWDLAHREMERH D, FFE, INS-1 MBI 5 K RFFHES T O RE B &I -
MEDRER S 1372 > Tz, INS-1 #E TlE Perl, Clock OFEN b @ -7z (77— Kig#H)
DIZxt L. ~ 7 APEETIE Rev-erba, Clock O EFBNHE S TS [85], D7, BT
BT, FALVT AL DFRHBETOLEEE S OICHRHTOLERD D,

PLEDNG | INS-LABMRIZH 1T D A T b= 7P A OEFHERH X, cAMP & 7 F L 23 59
HIFFHBE T RBLOA VAU VNI E 525 Z ERRB I T,
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AHFFRICBN T, BRI T ANVT A 20 PERFHH M-I DX T b = Z R D1IE
MaEka Licth, MTy ZBERICB T 2 BAFEBEOEM R OEW A 5T Lz, S HICW
TEVE MTy R BR 2 BT 5 INS-L ARV T Rt 7R A 7 = 2Rl L OV DRk
(D MU S 7 F L OEbERE LTz, 26 ORFHERNG . L TOHEANE bz,

1. TALNT AL M-ILZE b MTy, MT B RISk LTy Bt KOEETEME 2 £ 5, il
DA T h=UFEEEAL (Quinone reductase 2) OAFESZ AR, BELR Eloxt L TIZEAETE
M L7Zerolz, £z, M-Il X7 AT F Uk F B0 CHERIEEERZ R L, 772
Db, TANT AL M-ILE MTYMT, Z A EERAFEIRETH 0 | M-Il OFEENEMEIL T AL
TAEUEVIRNE, AT N2V ZFREERERE LTI ALTH O —HHFG LD 2
EDRIE ST,

2. b N MTZFEFEIL CHO MIBIZ W T, T AT A4 03 2 REREALE % ICBRE LT R 7e
VEENEMEZ R L7223, M-Il OFEEHEME IO MCIER Uiz, E£72, FBIESERR 512 O FIEE
& BUBMED TR 3 K OMBIAME & I3AHE L2 » 7228, 2 A RMREEEE & 135 EBEMEDS /L 5
Nz, 2%V, ZALTHE MANTHB LU B W TR A S EREH M2 b, 2/
RIRBEHFEN T A VT A OERFHEICBE 5T 5 2 L 2R LTV D,

3. WMEME MTyZBERAZRBLT 5T v MRS MK INS-1 MIfIZIW T, T AT F TR
WUE LTSI, U UK CREB S0A > A Y V437 £ D cAMP o 7))L % R L B L
RUE R MK AF RIS B T OB L LB S E T, T ANVT F UBRER, @%ﬁﬁ@ﬁé
Jitx UC cAMP & 7L @ sensitization 7342 U, A > A U 43635 L O Rev-erba., Bmall @ J& Hf]
AT BLZ B MERE STz, DF D L INS-LMIfEICE T D AT =2 3 7L OfERFReRRIE
WEHOZ 7 B ERIZBOD TS BMilabkne k%f%@%&ifl%?%é_k#m
e X7,

I EDHRERNG . T ANT A NI DBV FRHREEEIZ LD . M-IHHEE < sy i
F 0 BT MT BRI U CRf R E 238 2 mIRetE i s Sz, £72. 2D X 9 et
e 72 E FNEEANLE F1 7200 Tle <. FAIBREZR OMIIAN S 7T VIO L 9 5 2 L VRS
Nz, 26 OERBHEMEICEET 25070, in vivo 12815 T A LT 4 v OO PR 2 Tk
RIF 72 E OB 2B IE L FTT 5 9 A TR CTh D,
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