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EAMBATE T, B MW THMIMERL L MR & 25l 3 5 BRI ZEB S ORI, B4 1

WCSEERS 5 IERRRITIE B S FAE T D0 T OIEMRIRIITEB I T i, SRR, Bk, b

FOEMERBRZ FET 2 2 LI K VD OREEZR<S, 202 bEERRIL, ENEs

Bgas, MEAMBAME, 2k SREOR, BIeoBligtn EomMiEr Mgzl oI5 2 8%

Hrglo, EFE G FTEMEERSZ (ICH : International Council for Harmonisation of Technical

Requirements for Pharmaceuticals for Human Use) (2 X > CED HNIZH A R T A AZHEHL L T Hii S

No, mtEREROTTH ML Ew 2 IR LIKG 2 ER GRBRII EERRRO -2 TH 5,

CORERZIE LT, ER 2R LG LIZRICH b D miE A b 2B L, b MILeIc&kE T

& O ESCHEG M OHEE 21T 5.

FEALPFAE S ND E TITIRWHIM L RRERPMLETHY . b M THRE & a2

HOENTARZRGTE 201E, GRSNTALEMD 5> BETT 50 1 FBRET, < OBEMLEMIT

(285 SN D BRIRIFFEEBEICAT E S < T E N TE W[ A AR T 2 2~ 2018], BHFEEMED 5

B IR B CER A OB NP IE L 2 2B OZ S BRMRA LN 5720 TH Y | [FERRY 2T

BEDO 1 AETIEHFIEBRO 2% N HEORMBETH > 7= & DL 23 % 5 [Cook et al. 2014],

FMRBRICEB T LIZ LIEA BN D 5D — DI RN & 5 [Chatani 2009], K BT 1 i

KCTE=Z—F 572D 731 A ~—7Hh—»7 < [Dere et al. 2013a]., FEKIZBIT Dk ILE

IR70 HINZEBN D 7= O\ T — X SR N IR 8 C & 0 [Sasaki et al. 2011], F 7K mMEOREEIZ X > Tk

[EIEMEIZZ LGS S & D [Creasy 2001], Z D72, EIRMIC L 2 HEO T CTHIFHEEM IS
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DLETHD, ZOZ Lk, KEOBY R CToH 5 Food and Drug Administration (FDA) 75 5575
PEZBIT 25l T A KT A N ITAEFE H SU[FDA 2018]. Rk U CHREEY B3 m WL %
RLTWDLZENLL IR R D, LTehR> T, BREMHICOWTIVRWNEFEALSGLZ LT, E
HRORBEZT L LR, ONWTIIHBRIZE S THRETHDL L EXBND,

FERIIHE 2 RBERIC LV EEBEZZ T2 ENMbNTW D, EEEFOFE LTt FHx oht
75 AU 205 i e e o ) D45 L2 K 0 ARSI DR F A | i 23 2 3 M B 70T S [Dere et
al. 2013b; Vakalopoulos et al. 2015; Allen et al. 2018], F7=, F/LEL Z N LB REEL LT, 2
T RhebEy (FSHBXOLH) 2wadil+ 27 3R v 7 270, RBLXOT A MAT v Bk
ZETHLAE T T 7 7 ED3VE BTV D[ Takahashi and Matsui 1993; Campion et al. 2012], &

HIZ, REFZDOHIBEX IV A, EXZIVERBIOHHREDORZICEVERIIEGEELZZITHZ &

i

D3R A 4TV S [Sobhon ef al. 1979; Livera et al. 2002; Bensoussan et al. 1998; Mason et al. 1982;

Merker and Giinther 1997],

KEREVIBLRIZEBWNT, Za—R 3RO X — RGN HE A REl 2 Rz, KR

T DD —D>Th DREMATMILIL 7 Vv a—2 0 BROEL MY E D Zra—2h

bRFEINDHT7 77— Fe=x X —FE LTHEHT S[Rato et al. 2012; Robinson and Fritz 1981], E

REIZ I, FEEAIRIX ATP PEARIZ 7L = — X ZFI| 1~ % [Boussouar and Benahmed 2004], F5REMIAEIE

INa—2ABIOT 7T — AR 5 2 L0 STV B[ Jutte ef al. 1982; Bajpai er al. 1998], ik

ADNE A TEAFEAINEIZOW T b | MESMIAFAET S, T 'v M UMb ftfesns 7277 —h

IEAFELTEY , FIAITR - TIE, RNARK VRV EAMMN T 77— MZEoTHI SN, Z &2

A STV D [Boussouar and Benahmed 2004; Jutte 1981],
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AR D 7 v 2 —ZREMETF 2 M, FEIRRTRRE 29 D BICER L nidie

SIRVEIER TH D RAETME 2011, £< O, £tk BT OFERIFIGIREIC OV T, RFER

REWER & L TRIMBERN R T 5T D [V R VT 4 A7 77—~ RSt 2020, 7 A R T Ex

T kAL 2020; K BAEARRAAL 2020 /ST 4 AT 7 =< R tE 2020], (AR,

BEREIR & LT, BRI J O 7 & DA REAFRIEIR I ONSRE R F6 L OVE kIR 722 & D ik piiet

JER A B & Z 32 E B AL TV B [Erturk er al. 1998; Pozzessere et al. 1997; Cox et al. 1993; Cryer et

al. 2003], F£7-. FEERERBRICBWCiE, BRI kA2t L L TR E RS (b A5 & 27

Z LIS TV B [Jensen et al. 2016; Pettersen et al. 2014],

FRRo Lo, ZFva—2okZ, TRbHERMEESER S 2k 228 meonTnDd b0

D, TNhA—=RAEE TR —JRET DHATEMIZ OV T, RIbEA 5] & 24 ke

DMFAET DA RET LIz liS 13512 1 D& Th S [Mancine et al. 1960], Z— D7= & KSR T

IZBWT, WMRA~ORBEZHT 2 LEZN DD EE X DI,

AR TIE, BHRBRICBWTAS N 28 THL T v P2V T, MK T2 &S5 Lz

BROMBEE 2 FHI9 5 & & I, FERORHEFAR RS L O RAESCRURA 2 F0E L, (K

s & FERFFEIEDOBIRZMES Lz, 5 1 T, BERIFTERE L L TUASKHV LR TV DA 2 Y

YRR 7y MIREREL LT, MHEZET S & & bio, BEOWIEMRFAIRAE, B L0k

FRAELFEM L7, FH2ETIEL, H1EEITERL 2 A4 T7OMPEKTHE L L T glucokinase 1& (LA

ThHD TMG-123 # 7 v MIREHRE L, § 1 ZEREOFMAEITo7-, & 3 =TI, BHEHEMEIT

TMG-123 DEZRY 72528 Tl ARMAFIZ L2 IR ETH L 2 L 2 Mitd 572012, mbHK

THEZREERS L THIRIMENE Z 5220 s U THERBE T LEIMIC TMG-123 ZEERE L
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T, MAEERE S X O R OB AR E L ER L7z, A bORRNG, R X5 2K

B 7emEtt & U ORISR 2 2 vRett 2 B8 Lz,
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il

EAMBATE T, B MW THIMRC L MR & 25l 3 5 BRI ZEB S ORI, B4 1

W TR 2 JERRRIT BB BE S FAE S D, £ OF THHMRBRIT, R0 L 22 DR, R,

2k L EER ORISR, LD RIEM: 2 L ORI RIMEE A ST 5 2 L2 AN E T 5, ik

BRICITEBORBRD DV | L AWV IR LG 5 KEHRGRRITZEZ 2RO —>TH 5,

CoRERZIEL T, ER IR LG LIZRICH b mEA bz BB L, b MILeIc&kE T

& D ESEGHIHOHEE 21T 5.

FHERBRICB W T LIZLIEA SN DD — DI EME 2 S D [Chatani 2009], FE L F ML

RCE=X—F 572007\ A A~ —0—0372< [Dere et al. 2013a], FERIZIBIT 28 A i 31#

K720 A NEF DO 72D T — X fR 3 RT3 U [Sasaki ef al. 2011], £ 72k FMEORREIC X - T

[EIEMEICZ LWEE S & 5 [Creasy 2001], Z D720, KEREMEITHEN L 2 THIEET & HME

ThU, MRBECOVWTIVRVERELSD Z EIXEEGORBZITLZ L&D, OWTIE

HRCL->THBRTHLEERADBND,

FER AT DMIIRO—2>Th HA5MaIL 7 v a— A 22X —Ji e L THEHT H[Rato et

al. 2012; Robinson and Fritz 1981; Boussouar and Benahmed 2004; Jutte ef al. 1982; Bajpai et al. 1998; Jutte

et al. 1981], IKILBEIC X DA% R BAb N bR TWDH DD, Zva—R & T b f L F—JHET

D AFERINEIZ DN T ARILBEA 5| & e 29 “IRAVR B FE T 2 AT L2 1 =S 1 #

DI T o %H[Mancine et al. 1960], Z D7z ARMBESRM: FIZB W T, FRAOZEL T 2 L ZEAH

bHEBEZBNIZ,
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ZZTARETIE, BMRICBWTALHEH SN TWAMPHK T THL A R Y v 2RFHRZE

BRI TH DT v MIAEREGT 5 Z LI 8 - T, ARMmAE 2 40 S E72 %12, Bk ERA 3

FOREFRAEZIT) ZEICLY | WRICKFT BN L7,
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KRB L OERTT 15

L)

FERIZITAART v — VA« UN—EA 4L (Kanagawa, Japan) L 0 AT L 7= 1EME Sprague Dawley

Zv b LLFSDZ v b)) L, 8HOFEEIL, 7V —rx ) 7EERE (SEiE 24+2°C,

TBRE 55+15%, 12 REEJHAmE ) (2 TiT-o 7=, [EZLAAE CE-2 (CLEA Japan, Inc., Tokyo, Japan) % {3

ML, HHRERSE, HAT7 7 —~HRASHHAEMEAR S IETT OAR 2 G THEM LT KRR

B Al11-214),

=g

A RAY SHRITH S /AU PR E 100 HfZ/mL (Novo Nordisk Pharma Ltd., Tokyo, Japan) % i

ALTHWE, BRIORE L5 X o2, AHERERZ W THR LT,

KBS0 han

WA 4 i THA L. 6 @ilis TLUT 0w v #5510 LT,

fisa 598 & BilEL
VR IHERT e - A PR IR - PERREREE 20 f31
B BEATAE « HE 6 151
AV AY R ARy v 100 IU/kg/H R PERUBRAE M 20
B BEATAE « HE 6 151
ARy v 200 IU/kg/H R PERURAE M 20
Bl B FAGAE « HE 6 151
A RAY 400 TU/kg/ H EREREE K 20 51
B BEAGRE « K 6 151

A AN OFEEEIT TR O RAEZEITRE Lz, AHEHEUIA A % 4 HHH
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(28 3% 29 AR, 1 A 2E (K4 FeffRR) K TG (55 ®  SmLkg/MH) L7,

—RRBBIE R L OGEAE

EHNZONT, —feRigI3E R BIE L, (REIX TR 2 [BRE L,

itk 3 1=R: vz

B 1 B L0028 A BICEMREE T CERIMFEMEED BER) S 9 KA > B (1 [EIA &SR, 1
A58 05, 1. 20 4. 5. 6. 8 BL U 24 Hff#]) Z PRI L7z, HikEEH (~ Y F hUDL) T
JLER U= BRI B L OV ) P2 W TCERIML L, 3 O4EE (4°C, 1,200 g, 15 min) %557
MmAEZEMHEH Lz, mMAEEOHEIL, BB Hr#E 7180 (Hitachi High-Tech Corporation, Tokyo, Japan)

Ze T3 L7,

HRBIUHEER

B mtER BB OOV T, ¥l b 28 HEOFRIZHm S L, X0 3% 5 29 AHOHE
BlzHlf Sz, @, BRI CITHMmmmcERs EZlT5 2 Lns, 2ofXbL b 570
(2. HIRRAT O MRS SV TR IREE . 100 TU/Kg #5588 L0200 TUKg #E5/EE, 9T
DEW K 16 FFE] (iR G- OF) 4 IR IZBIAG) MR S W7o, mtEaBRED 400 1U/Kg & G-FEIC
DONTIE, G528 HEIZHEELZZ 10D 5 6 SIEAEAOFKRA Q9 HE) BT LTWHDON
FARINT, 22T, #5299 ARICHETE THCFEBEOFED 10 PLiZ-2OW T, HIRETH Off &

ZHY LT, wERBREOEBYIL, FIROBICEEZREL, <> e =T F U T LD
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JEENTESHS K 2 I T TR ZRIE S BT, X TOEY THR, Pkt X OS2 IR IZ 8]

LT, TOR, KR BRLAE A2 L ORE GEERZ D) WIS FEEOE &2 7T

L7c, MRS, S H ORE 2 L TEHR L,

IREMRR A RURE

WL %R TR TOFEERBEEOEBMIZONT, FEHE B, FERES I ORNIIR - KBS

10% FPPERRIE A L~ U AR CIRIEENE L7z, KRR OBEERIT, W LG Eifig 9 54~ U v

REEIIAEY)TH D Z & A STV 4 [Chatani 2009]72 6, FEHRIL T 7 > [EE K CIRIEEE LT,

AR B BRI RAIRER IR T E Lz, ZADL&BEICOWTNT 7 0 o aillds JOWYI 2170,

HE Yeta % 3501 L7~ PRIl R < 25|00 HE YA % O i BRI TR LT,

BFRE

arE EEAER ., AR LIRS 5 pL ORE ERREER Z TR L, 625 pL @ Dulbecco's

modified Eagle medium (pH 7.1~7.2 |Z§#&) THIM L7z (LLF. BHKE WD), ZOHFIK%E 1K

{1 37°CTA »F a~— | Lictk, Wi CHRE Lz, 2FIOHIBRKE THRIZ, BT EEROBIER LU

FIREDOHENZTol, £ BTlEAT7A4 N7 T RCBKL, EfEFLFREa L, SFEWIC

DE 200 HOKEF DOIEREA A BIMEE T CTHIEE Lz, B RO ., BT RBRRERBIRLZHEHL

Too SHIT, BT AP REHRR TR R 3,024 5 L7220 X O ICHIR L. LMK Ok %

Burker-Turk fLERFFGUE 2 IV COREBAMEE F CRHA L7, BHE L 72T v o N =B & REE R B |

FEB LRRHET OB FREZRE L,
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400 IU/kg ¥ 5-FED 5 BIOIETHNZHSWTIE, K FERIRL 2o 72, £72, 400 [UKkg 5-HED
4 B3 K TY 200 TU/kg B 5-HED 5 FINZDWT, FEFRTITH FRESESLDSFEO bivle, T bk FEsE
BLOFEL, MIREBOUTREIRAREO FHICER T2 b D L E X b, D DIEMRRE T HRARE R

ERTHOTIEARWE W L, MIERRN ORI LT,

WEEHEYT

BRI H ORERIZOWT, BEEHEIT IS T 54 2 ) R GHEZ LU T O X 9 ITRE LT,

Feik D X5 IC KBGO 28 A& S8 (% 10 #) CIIEFHERF A AT A 2> bR 4 FE L7-
3. MEEEBRAR2 D HIR A Y B £ CTOMIC 400 1U/Kkg $#5-FE0 5/10 Bl (R BM) ML L, £0
toN HIMTd o7 400 1U/Kg H 580 29 HFEFE 58 (10 ) TIXHEREZ I LR o 70,
L7223 T, PAEst IR, I ONT 100 K& T8 200 1U/kg $ 5-BE D ENTF S5k LT, 400 1U/kg $%
HREXFR — S COMITRRBER N DB TCh -T2 Linh . ZOBEE TR FRIIT 2175 2
Sl &I U B OISR EEE ([l KO ER) . B HiRERS IO FIERE
FEHLRIZOWTIL, BB IREE & 100 38 KT8 200 IU/Kg HG-REOR T FREd X 9 (SHERHIRNT 2 i L
2o BMERBREEOMKREIZ OV TR, FHEEFRARTH £ TOT — 2 28T 272D, BBEREE L 400
IUkg B HGREZ DK A A EEREE OB T TRED X 5 ISHGHI#NT 2 506 L 7=,

FREBIVSHREERER (Mxhil LU ER) 122V T, Bartlett 1512 LV E o BIEOKRE (AR
KHUE : 5%) & L7ofER, SEoitEnRBO LN 2 05 Dunnett £ (OXF A MU »7) EHW
T, B L A R UG L ORI CELEEMRE 2 Fhi LTz (FEKYAE : 5%), fRtr oxt

L%, FERBREEO BB OV CRERMIR 238 L CAAF L8 o 5 5, StatLight (Yukms Co., Ltd,
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Kanagawa, Japan) (2L > TT7 2 Z NZEID B TOHNTZEESDOENSEOND 10 il & LT,

R IREEIZHOWT, Bartlett {52 & 0 B BPEORE (AEKYE : 5%) &30 L7oRER. Foil
PERSFRO B2 Z L2 5 Dunnett i (VN7 A U » 7)) ZHWT, WHEHREEE A 2 ) R ERE L
DR TL HILRIE & Fhi L7z, K FIRRRRFE IR OV TE, FHNEALOZEIZ-SU T Dunnett

LI
>

BT A M) 7)) 2T, WHESIREEL A R Y R GRE & O T% B L E & £ i

L7z (AEKYE : 5%),

FRHENTIZIZ SAS 9.2 (SAS Institute Japan Ltd., Tokyo, Japan) % fV 7z,
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ES TR S

—fRAIRERR L OMEE

—HARBEIZHOWT, WIS A 2 U U GICEE L7e gt XA b e o 7z,

ARED 28 ARG (10 61,8 1I2oWT, FIRHATH 2O REZFEm L& 25, HRb
BED S HEIR 24 B £ TOMIT 400 TUKg #&5RED 5/10 BN Li-, ZORTEM TITE TR OB
LT E L TRIUIAFEMOGIL, LR, 88X/ UL TEEBOHAGRD bivlz, 400 IU/kg %5
FEOFHEAES A AT A 2> HAER 2 Fh L 728 10 Bl 5 HAEF L 5B W T, HllA Y H O8]
T & U CIRBRO BT LR D BT,

FREORER DB | 400 IU/kg & 5-FED 29 A& GEH 10 B>V TiE, Hi B AR O 2 5
fEL7einote, ZORER, Ziuh 400 1U/kg & GHEOIEEREEY TIX, FEC B IO ELORTRITED
BT,

FRESN O R E LT, SHEHOMEIEAK I XK OEEHMOBMENRBD G, ZHbOFTA
RGP O—@EDE(LThH -7 2 &b BEFHICEERFT A TIIRNE B X b,

IREIE DRE R % Figure 1-1 (2R3 T, KEICOWT, B GHIRH20 LC, WRBSHIREE & Hhik L

TA VAV UERERECHREFFRICHEREBNIIZRD bl o7,

itk 2

M FEAERE D #E R % Figure 1-2 (2777,

BE5H A ORI D EHMmEHEIL, #E51% 0.5 705 8 FREICIH W T, W A TlE 142~
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155 mg/dL., 100 IU/kg $¢5-8£ Tld 52~97 mg/dL, 200 1U/kg $¢ 58 Tld 44~55 mg/dL. 400 IU/kg £ 5-

FETIX 40~60 mg/dL OFIFHTH 7=, Fio, BHEREHORPERA > MIBT 2 X MmEE T,

TA IR IR T 140~152 mg/dL, 100 1U/kg #% 5-Ff Tl% 38~61 mg/dL, 200 IU/kg #5-F£ Tl 35~54

mg/dL, 400 IU/kg ¥&5-8£ Tl 30~56 mg/dL O TdH - 7=,

XM CTdH 5 & B F[Rosenstock et al. 2001; Bonds et al. 2010; International Hypoglycaemia Study

Group 201713 X OV v K[Jensen et al. 2017; McNay and Sherwin 2004; Borg et al. 1997] CHIWr 415 50

mg/dL DL F &~ ERIL, 50 B1I28\W T, 100 IUKg 5EETIE 1 BIE&R 5% 1, 2 3 K06 K

DT, 200 [U/kg 3 5BECIE 1 B 5% 0.5 BRI S 8 BRI OFA E T, 400 [U/ke & 51T

1 [E B & 5% 1 RFE 25 8 REF O R TR b o, HERMEBIZEWT, $XTOA 2T Ui

GO 1 81 H & 5-1% 1 K7 6 8 I ORF AL E TR0 bz,

HRBIUHEER

HIROFE R, 400 1U/kg BEGREOIET I 5 BBV T, OAREl (W), SESEE T

BT oIREEOAFEL WA, B (RE) ISR 2R/BIEOERZL WiRE), 303N

JEDTI AR, TREMOGI, B O/ SUIEEO AL (WFRE) 235589 57z, 400 IU/kg

B G REOTEIARER H AT H 2> S a2 540 L7284 10 B 5 BAAF L7 5 BlIZ W T [AERD BT /23

W LAV,

200 3 LN 100 U/kg T GHEICHBWT S, B (RE) (2B 2REHEOEAFHZENL (KiRE) 2330

Do, B RE) BT 2REEOEFHEL BERE) IV TE, B TT7 v h~DA R

U U EHIZL Y BBENFRIND LV A [Axelson et al. 198712385 Z LD ARBRIZEH VT
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HIREEDOE N BLE I NI LB DI,

200 TU/kg & G-RED 1 B TR (2D O/NINERD =08, FIIOB DL TH D Z &b,
AR CEEITER LT R TIdR2nwe B b,

ISR 2 BT R TORIZRB W T, SHEHEE TR 2 REHED AR LR b,

B EENE ORI R Z Table 1-1 1R, WHSGRREEL LG L T, A > AU R GHE (100 B &
V200 IU/kg $ 5-8F) ORER., K LR, giziRes LOREE, I TEREOWTAIUTOWT B FtE

FHNCH B REITRD b enol,

IREMRR A RURE

TRERALRR AR OSSR, REEL (W) OBAEMEOREEZME (855 23, 100 TU/Kg £ 5-1F T
1/20 i, 200 IU/kg #5-#£ T 2/20 i, 400 1U/kg % 5-HE T 4/15 51l GEaRE 2/5 6, IR B 2/10
) (2D ST (Figure 1-3), FE OB TIZ, W< OO BEET R SR B 2B
BAE L TW ey, FEONe ) OFZIXZIFIER Th o 7o, BB A LT FEME L. ZEM
il (Figure 1-3F 38 LUV 3H) . AFFRERVEMIACE 36 K OL MG & £F © ZEFlAMAY  (Figure 1-3F) . BREPED
R 22 fuizpk (Figure 1-3G) . & 7213k FUERERE S (spermatid retention) %% & A TW Ve, WTh
DAT — T ORFEIZB N T ORI PR B v, ZOBGITA T — PRRITII RN -T2,
o, BROBPBEI DWW T, KR LR (W) OBEPENICR LRI HIEE (8

M) HFE v (Figure 1-31), WEOFREEEICIZ, 2D DOEITRO iz oTz,
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BFRE

KT HA O R % Table 1-2 [Z/R”7,

ASSY

100 33 L TN 200 [U/kg F 5-REDORE TR L UNE TR R F B BIZRIZ OV T, BEERHIREE & b

B L TR BERZENTRO bR o7, 728, 400 IU/kg 58 (HaRE 2 ik LUk

ASSS

KEEEY) 9 ) ITHEHIENT ISR & LTy, K FIRER KON R R FE RS ER (CEYE U
7% 1X. ZHFH 1,0031£198X109mL BL N 2.6£13%TH Y . TN ENEMEE X OEEME N %2

~LT7e,
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B1EONEK

450
400
350
300
B 250
=
20 N
£ 200 #F
= —— Vehicle Control
[=]
& 150 -
- & - 1001U kg/day
100 + --3--2001U kg/day
50 - - A= 4001U kg/day
0 T T T T T T T T T T T T T
1 3 5 7 9 11 13 15 17 19 21 23 25 27

Day

Figure 1-1 Body weight. The data are presented as the mean (n = 10).
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Plasma concentration of glucose (mg/dl)
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Figure 1-2 Plasma glucose levels on the first (A) and final (B) treatment days. Insulin was

administered twice a day with 4 hours between doses and blood samples were obtained at 0, 0.5,

1,2,4,5,6, 8, and 24 hours after first administration. The data are presented as the mean + S.D.

(n=

3).
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Figure 1-3 Representative histopathological images (hematoxylin and eosin staining) of testes

and epididymides. Images of a control testis at low (A) and high magnification (B and C), and an
epididymis at low magnification (D). No abnormalities were observed in the control tissues.
Images of a testis at low (E) and high magnification (F to H), and an epididymis at low
magnification (I) from an animal treated with 400 IU/kg/day insulin. Degenerated seminiferous
tubules were observed sporadically (arrows in E). The tubules contained multinucleated giant
cells (arrows in F and H), germ cells with eosinophilic cytoplasm and nuclear condensation
(arrowheads in F), focal tubular vacuolation (arrows in G), germ cell loss, and disorganization of
the germ cells. The epididymis exhibited exfoliation of germ cells in the lumen (arrows in I). The

scale bars in A and E represent 500 um, and the scale bars in B to D and F to I represent 100 pm.
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Table 1-1 Organ weights in rats treated with the vehicle control or insulin.

Dose (IU/kg/day) 0 100 200 400°
No. of animals 10 10 10 5
Testis® (2) 3.0357 +£0.3103 3.1092 £ 0.1979 3.1954 £ 0.2059 3.0673 £0.3192
(%)°  0.8447 £ 0.0825 0.7938 £ 0.0774 0.8107 +£0.0879 0.8169 +0.0967
Epididymis® () 0.8527 +0.0910 0.8524 +£0.0470 0.8595 + 0.0606 0.7835 +0.0695
(%)°  0.2375 +0.0264 0.2172+0.0148 0.2176 £0.0189 0.2080 +0.0133
Prostate and (g) 1.8466 + 0.3032 1.9201 £0.2778 2.0189 +£0.3038 1.9803 + 0.4060
seminal vesicles
(%)°  0.5165 +0.0998 0.4867 +0.0524 0.5098 £ 0.0743 0.5247 +£0.0984
Pituitary gland () 0.0097 +0.0016 0.0102 £0.0011 0.0105 +£0.0016 0.0089 +0.0007
(%)°  0.0027 +0.0003 0.0026 + 0.0002 0.0026 +0.0003 0.0024 +0.0001

Values are mean + S.D.

a : Data were calculated from animals which were fasted on the day before necropsy and survived on the day of

necropsy. Data were not statistically analyzed.
b : The sum of right and left organ weights.
¢ : Ratio of organ weight to body weight (relative organ weight).

Table 1-2 Sperm analysis in rats treated with the vehicle control or insulin.

Dose (IU/kg/day) 0 100 200 400*
No. of animals examined 20 20 15 11
The sperm concentration (x10%/ml) 1,219 £ 138 1,263 £ 151 1,102 + 186 1,003 £ 198
The incidences of sperm malformations (%)P
Total 1.5+0.9 1.8+1.2 20+14 26+13
Head 03+04 0.5+0.6 0.6+0.6 1.0+0.7
Neck 09+0.8 1.1+£0.9 1.2+13 1.4+1.6
Middle piece 0.1+0.3 0.0+0.1 0.0+0.1 0.0+0.2
Tail 0.1+0.3 02+0.3 02+0.3 02+0.3

Values are mean + S.D.
a : Data were not statistically analyzed.
b : The incidences were calculated in each region: head, neck, middle piece, and tail.
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i
B

B1ETIH ARV ETy M ET 22 & CIRIBEZER L, 2 ORM T CREMAGNE
DR T L 72,

A VA R GREO A MPEEIL, B AB IR EGRKA L HIC | BEREGHREDICKT
L7z, BIRO X 912, B hBLUT v MTBWTHIFHHED 50 mg/dL % Flal5 2 & 2MEK Ak & w5
HIEHED DL XN TWVD, B MIBWT, 50 mg/dL % Flal2 = &3P RFEBE OLEBESEM T T
FRI6T., EE0MEE TH S EBMMERERE N4 U 5 & &4 TV % [International
Hypoglycaemia Study Group 2017], M47% 325 N2V T 50 mg/mL % F[E] 5 MAEE % 7~ U 7= (@ ARIE,
54 A TiL, 100 IU/Kkg G- 1 B H & G#% 1, 2 38 KON 6 RFEORFAIZIBW T, 200 [U/Kkg 5
FECIX 1 [\ H 5% 0.5 BEfI 5 8 FERIOREAL E T, 400 TU/Kg B H-RECIE 1 [BIH 5% 1 BERI D
8 REH DS E TR bive, BHRMA TIE, TRTOA R U EGREO 181 H B 5% 1 D
5 8 KRR DR E TR BTz, Ledd> T, YRRl T Cid, R Rl s & = &
TN Z & DR STz,

WFIDA LAY UEERICIEN TS, B BE T OREWIRIIZITA 2 ) U FREIZBEL
cRIRIEO B LB L OMEKEOLBIIR O Shviehofz, LavL, dHEER A Al B O %0 b
i H X B £ TOMIZ, 400 IU/Kg #&5-8ED 510 1 GGEEEW) 2T Lz, T bEEOEHR T,
B P OFHGE N R EE L A R T AT RSB bRl 2 &b A VA Y U OIbEK
TR DOREDNIMD - 72 Z LIAT K 2 MFEE O EE 22K T SUTFHE A BRI B LT D L HE

BENT-, FHERRR EATH 2 SR A £ L7225 72 400 TU/Kg B5-8ED 10 Fl T, ETIEERD S
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T —RREEOEILHLEED BT,

TEHAR ERORA DR R, A 2 Y UGB TR BICHUEME ORI ZMEDSF8 0 b,

[Fl — B (R D FE R _EAROEFENICITREHAE ZMEICEIE T 5 &5 2 528 LRG0 REEN B O 5

2o THNHATRIT, REEPEWVEIZEREBENENoT-, £o. TRHETRIZ, R LIk

R ONTIIZEBNTOEALNTIZZ b, MR & IFBIRL CEREGHIFRTICRAE LZETH

HLFEZADNIZ, BT, THLATRITEEAREFICIZGBO b, A R Y U REFFICBNTO

Hpd bl EMnb, A AV ARGITER LIEZETH D EBER B,

FETRRAEORESE, 400 [U/kg & GHECB W TR HRE S JUON FHEEBRFRBETRIIENZ K

fids X O iE ) 2 7R L7z,

BRI 7 v a— A = R L F—]RE L CHE L9 5 [Rato et al. 2012; Robinson and Fritz 1981;

Boussouar and Benahmed 2004; Jutte et al. 1982; Bajpai et al. 1998; Jutte et al. 1981] , L7=23> T, A4 A

U AT & o THEE S D RIMBEDAE TR KT L, ZORR, WHEMEMREAR AR X OR 1 #

BBV TER AR LN ATRENED & 2,

ERRUAMC O RERIZEER A DNTRA & LT, WOWIITHRENET, PERLVE S DRUWHNRE

fELicE o et b &2 bivd, Lo, HEARAEVREICEWESHEEZ AT 22 E0NHMbLNT

VWD RTNCAR < FEFED 2B EH 8 [OECD 2009; Creasy 2001; Haschek and Rousseaux 1998112 & kiX 72~ 72

ZEMBH, EARLECPEN L TOEARERIMEN & E 2 b,

IHIT, ANUVAPERICEELZ 5252 L b T 5 [Greaves 2007], L2>L7R3 5, 1§

BT DT AR I T, FEHFE TIZIE RO R F AR EZE T DTN,

mEB. FRICBWTHICRBMEDOARRE N SNTZN, MERIREDT v MIA R vafhb
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HZ L THEBBNRALND Z ENMBN TV D TZD[Axelson et al. 1987]. B TH SN ZE(LITHER O
AL EITBR AW EE X BT,

E7o. 1 BBERIEET LV Th % streptozotocin FHEFEIRIT 7 » F I LY Akita v 7 A Tl RO
AL TT AR b= ARG F R OEEN L LND N, TNOEOEPICA VR 2 RETHZ LI
L0, EFICHEFERNEZ 5 2 &2V E STV D [Samadian ef al. 2019; Schoeller ef al. 2012], L
T2 o T, BERIBET VEIC B W CR TR E EELT 54 AU Vs, AR CIXE RN
BEtEzriib, ZoORRE L TREREEAZ LI LV ) TRV L Z 2 b,

U EDORERED, A2V % Ty M2 1 H 2B 4BBKER FTEETZ8ICXY, B5H
ICBIT D 1 [EE O G4 8 Kl & TR RS 2 Bl S5 2 & MRS~ DR L
LU OB RICBAEME O RS 2215 J OV 0“7 28k & U ORI EIROEWENICRE FRGMR O )
HERRBD BN D Z ENMER SN2, TS RREMEIRMBECER T 2 "R RFEETH D &

EZ2 T,
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/INFE

ARBRTIE, ARV %7y M0 (EBEHERK) . 100, 200 35X 400 IU/Kg/ HOHET 1
B 208 (4 FERIMIG) 4 BRKER TG L, 1 v 2 ) U550 mBHEHER 3 L ORENEAE R~
DESER A FAT L 72,

BEHYIH 3 KO Gk B o B E 2 378 L7255, e B X VT v Mo\ T
W& SAD 50 mg/dL BAF &2 RIS A 2 AU GBIV TR O b v, B FIMmAE D
FER, A AU U EBRHIC B W OB BRICHIEME O R ME Z W00 i, [ RO Liko#
PERITIIAE A PRI B 5 LB X DAL O BRI RIBENZE O bivlc, KB TAHALNTEL

(L ARIBEA 5| & 29 TIRA R TH D FTREME DS E X bivT,
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EH 7 v MZBIT 5 glucokinase TEHE(LA] TMG-123 B 51ZBF9 5 Ft
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e
il

FBIETIT AR 2Ty MCABBRKERGTHZEICXy RENEESNDZ &,

BLORRICHERZENELD Z L 2B Lz, KIS, KETIE, 5 1 ETHOWZA A Y »id

RI2 % 2 A TOMPHAK T AL 5 Z LIk - T, RMAE 2 5| & 2 LR O R BEA~D 8 2 7

iz &L L, MBHE FHE LCTiL, glucokinase {ETELAITH 5 TMG-123 1 H L7,

glucokinase (F~FVFFT—ET7 7 IV —ZBL, ~FVFFT—EBIVE LT, FERETITHEN

THERKEZHSTRBY, ZJVa—2AnbL T a—2R 6-V VER~OEH % i3 5 [Wilson 1995;

Massa et al. 2011], glucokinase (FBEfE, T, Mds X ONHILE 72 E1C FITAF/E L TV S [Matschinsky

2009; Efanov et al. 2005], glucokinase IZNFHgIZI51F 5 7'V 22— 4 Bk OEHE, 35 L OWE B Ml &

DA LAY WHEINZ X0 B A2 K T &8 % [Matschinsky 1990; Matschinsky 2009; Ferre et al.

1996],

glucokinase /EMEALHI T & 5 TMG-123 @ in vitro 3 X OV in vivo 3EERFH)FHEIL Tsumura 5128V

WA STV D[ Tsumura ef al. 2017], TMG-123 {34k 4 72 2 BUBER €T L8 (Goto-Kakizaki 7 v

k. db/db~ A, ZDF 7 v ) [ZBWTISEFA > 2V VREZ I3, MK TER %2R

L7z, 2Nz, TMG-123 IZAFHEREMRICTH Y | FERD A > AV 3R CliE7e <. FFigobE

O IAZIEIMT X - TitHERE A BT 5 L EXA b TV D,

ARETIE, glucokinase {FMELAITH D TMG-123 & 7 » MIHEFRE OFS, W ONC 4 BB LW

13 AR NG LT MAEEAZRET S & & b, WM PAMRE., gl X Osh

HEEN LT, HRICE X 2825 L7z,
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KRB L OERTT 15

B

H2EE, ERI~4 I TEBEL, BAFv—L A« U A=A S (Kanagawa, Japan) X 0

AT L7= M Sprague Dawley 7 v b (LLF SD 7 v b) #ff L7z, 1 B L 02 oA HEIL

7 ) —r ) TEMEERSR (FIE 23+3°C, J1E 55+15%. 12 FERIBREE R <. [E%EREF CRF-1 (Oriental

Yeast Co., Ltd., Chiba, Japan) ZfHH L. HHERI W7, E83 oW FILZ, 7V —rx ) TEY

FEBREE (R 2422°C WS 55+15%, 12 FREfH] AR JE 1) €, [E BRI CE-2 (CLEA Japan, Inc., Tokyo, Japan)

L, BmERS Y, ER 4 0BWEEIZ. 7 —r ) TEWIERE (R 23+2°C, R

55+15%, 12 BEBARE ) <. E5UEE NMF (Oriental Yeast Co., Ltd., Chiba, Japan) Zfif L. HH

B SET, AT 7 — v RS AW E SR B WFFEAT OAGE 245 T Ik L7z UKRRE 5 : A11-078),

=g

TMG-123 13RSI TR L2 2 W=, WL, 7L o7 44/14 (Gattefossé

Corporation, Saint-Priest, France) }33 X OV Y =F 1L 7Y =2—/1 400 (Wako Pure Chemical Industries,

Ltd., Osaka, Japan) 2VE &L 3 : 21225 KO IZIRA LIZIRAHR (LT, PEG/Gel £35) &M=,

G- ELHT £ THI 40°C DIEIR KIS 1 CTHiR L 72,
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EBRR S han

B 1 TliE, HEEW A S R CIRA L. 6 Bl TLA T O Y BT LT,

iEs wEWME M= B3
Rt FEE - - 1 6 13l
T oot R 51 YIS - 1 6 13l
TMG-123 # 5-#% TMG-123 20 mg/kg 1 6 1]
TMG-123 100 mg/kg 1 6 il
TMG-123 200 mg/kg 1 6 il
TMG-123 300 mg/kg 1 6 i

R 2 TIE, MEEW A 4 BB TIRA L. 6 Bl TLLT O BE51F LT,

it wH5YE & BilE
Rt BB 51 ST K - R PERBREE 10 B
PRI R G- YIS - PERREREE 10 f1
PR EAmAE - K 8 1
TMG-123 Bt 53¢ TMG-123 5 mg/kg R PERUBRAE © HE 10 B
PRIM IR « 2 16 41
TMG-123 20 mg/kg R PERUBRAE © HE 10 B
PRAM MR « 2 16 1
TMG-123 100 mg/kg R PERUBRAE © HE 10 B
PRAM MR « 2 16 1
FBR 3 TIX, MEEM A T EER TR L, 8 BB TLL T @Y B L,
isa 598 & B
Rt BB -1 ST K - R PERIBREE 8
PRI R G- TR - R PERIREE 8
PRI FEAMAE - HE 6 f51)*
TMG-123 527 TMG-123 5 mg/kg UL « T 8
R AL « K 6 1
TMG-123 20 mg/kg I RRERAE 18
B ML « K 6 1
TMG-123 100 mg/kg R ERRERAE 18
PRI FEAMAE - HE 6 f51)*

* o B HIRRE TRRIC 8 MM ORI 25 [RIEVEORHIIC Ve,
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SR 4 Tl MW B K OMEM Y A e 7 il KOS s TALT L. 8 i TN 9 i

TLUUTOWEY B LT,

iEs w5 W& & B3

R S B G- S K - HE 20 51, #E 20 1

T oot R 51 LS - HE 20 51, #E 20 1

TMG-123 # 5-#% TMG-123 5 mg/kg JE 20 f51], i 20 151
TMG-123 20 mg/kg I 20 51, 4 20 151
TMG-123 100 mg/kg T 20 51, 20 F

- SEBRCIXVES K, WA E TMG-123 % DL T OWIRIRE 0 # 5 (% 524 & 10 mL/kg/[a]) L7z,

FERE e 511

Fhr 1 HA[m]

FhR 2 4 JF

2 3 13 [

Fhr 4 M 13 ER, M SHEM GER7 B ET)
—RIRIBEIE S L O ERIE

FBR 1~4 TiE, EflcoN T, —RRBOBIZEZ 1 RIZ 1 [, BIOEEREZ 1EFC 1R

FiT1o7=,

MEEERE, FhA XY VBERHEBLIOR MY axRxT 47 X

EB 1, 2 BIO3ITHOWT, BEREE T CERIMFEHMAE DT T IR XL EFHIR S 7 A > b/

A (1 B E&ER, 1 EE&EE#Z 0.5, 1, 2, 4, 8 BLU 24 i) ZERIL L7z, £RiL A%, FEER 1

O¥E5 1 HH, EER20%5-1 5028 HH, EBR3 05288 L0000 HH & Lz, PrEEA] (-~

RYFRUTLA) TUEELZEEHB LV Y & FWCEML L, 050 EE (328 1 : 4°C. 8,300
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g. I min, 3Bk 2 :4°C, 8,300-9,500 g, 1 min, 32k 3 : 4°C, 1,200 g, 15 min) #1F O 72 el
AL7,

I BEAE O JE T, KB 1 TITH B 0T E TBA-120FR (CANON MEDICAL SYSTEMS
CORPORATION, Tochigi, Japan) , 325 3 Tl H#)/rHr24# 7180 (Hitachi High-Tech Corporation, Tokyo,
Japan) Z W TAF Y X F—BIEIZ L > TEM LT, M1 2 Y AREOREIL, BEEET »

A2 Y REF >~ b (Morinaga Institute of Biological Science, Inc., Kanagawa, Japan)3 X UV~ A 7
07 L — kU —%—MTP-32 (CORONA ELECTRIC Co.,Ltd., Ibaraki, Japan) % I\ > ELISA {£(Z & -
THEh L7z,
K1 2 BEY 3 TEMES TMG-123 #REZ % TREICRT LC-MS/MS JEIZ L D JIE L, Coax
(maximum concentration) , Tmax (time to maximum concentration) 33 J2 T8 AUCq.4n (area under the plasma

concentration-time curve) D£/3XT7 XA —X ZEH LT,

TMG-123 ¥ EEHIE

KIEH CHIE B 25 uL 12 0.1 vol% =i 500 pL 38 L V50 vol% 7 & =k UL 25 uL &0, #2
FL7=, WEMEYE (TMG-123-ds. 5,000 ng/mL) 25 uL Z RN, B L7=%, tert-7 F VA F )Lt —
TV 2mL 23N, L7, =00 E (2,150Xg, 4C, 10min) L7z BEZSEIL, TAvIi7dmy
7 MEIRAE (FOERE :25°C) 2 W TER T AKX F ClRfiE Lz, 7' b=k U/ Ehz (1,000:1,
v/v) 80 pL AU, R L72%. 10 mmol/L 7 =7 LA/KERHR 320 pL 23N, e L7-#%
LC-MS/MS (Zflt L 72, LC-MS/MS 1% Agilent 1100 system (Agilent Technologies, Inc, CA, USA) & API4000

(AB Sciex LLC, MA, USA) Z MW=, W&, 98 7 4 & L Inertsil ODS-4 (2.1 mm 1.D.
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X 50 mm, FifE 3 um, GL Sciences Inc., Tokyo, Japan) % H\V>, # 7 NEEIX 40°CE L7z, BEIFE L

LT 10 mmol/L T =0 AIEIK-7 7 b= h U JL/EE (1,000:1, v/v, 950:50, v/v) (BBEIH A)

&7 b= R UVERR (1,000:1, viv) (BEIMHB) 2L, LTD 7TV hRETREEL . ()

i 0.35 mL/min) ,
Time (min) A (%) B (%)
0.00 70 30
3.50 30 70
3.51 10 90
5.50 10 90
5.51 70 30
7.50 70 30

A F AbiElE Electrosprayionization (ESI) £ TITW, RY T 4 7 A4 E— R THRIHLE, £=

B2 TAFATHONT, TMG-123 13 m/z 494.3—>m/z 476.1 & L, WEEHEWE X m/z 498.3—m/z 480.3

L7,

FIRB LOBREER

FER 2 BLO3IZHONT, HB LOSREEENE L I LU, @E, mtali Ci3fimmiic

MREZFEMT DI 0D, TOEMGLEAEGLE DO, EIERBREEZ HHETH 2K 16 FEfiER S

7o WIRBICHREAZREL, £V 707 OWAXITIY bLEH —)LF U o7 AOJEIENTEH

(2 X DRREE T CHRUMZHIE S Tz, T TOEWTH L, Wiifds L Ok EZ PIRAICEBIE LTz, £

D%, FER, KR LA BB L ORE (BEERREZ L D). WS FRAOERZE Lz, X

H7ese B HEEIL, FIRHOEREEEH L CEHR L,
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IREMRR A RURE

ER2BLO3IZENT, S EEENEROGE 2 M ORBLRR AR 2 540 L 72, 5252

TiE, KRB LORER ERIIR v~ U - WEiRE T, TR, ANZIRES Z U #IE 10%&E L~ U

CERTCIRIEEE Lz, %EBR 3 Tk, FRIET7 7 VEER T, LR, TEES XLORIZER -

X 10% T HEREE AL~ U RIR CIREEE Lz, 2V BEIZ DWW TR T 7 ¢ a s L OVEY)

ZATVN, HE Befa 2 32 L7z, 25D HE YetATA 2 HI T BARRR RO IC A L7,

BFRE

HBR 4 BT, BT RREES . AU LRI 5. 5 L ORI LR R Z R L

625 uL @ Dulbecco's modified Eagle medium (pH 7.1~7.2 |[ZF%) THR L7 (LT TR EWV D),

Z O % 1 RFfE 37°CTA »F a~X— b Lotk KT HEMEREE % Sperm Quality Analyzer 1IC-P

(Medical Electronic System Ltd., Caesarea, Israel) % W CHIE L., Ko 72 iR &2 A EER THIC

BHEER 3,024 5 L 72D KO ITHIR L. DAL DX 7 %% Burker-Turk MERFHEME 2 FH W TE

BAMGEE N CRHL Tz, GHELTIETF v O N—F e MIRE RN S| KR LIRRE T O IRE %

B LTc, TR EATA N7 7 2B L, Mg AP RE L, SEMICO S 200 HOR T

DFREZLLBMET T TR L7z, BISFERN O, BT RREFREREFEH L,

RELRE

KR4 1ZBWT, HEofkE 71 B ELREIC, FEAZ R - BT 15 ARG Las 1

1 T 16 HAJE SE 70, BYRTTISH 2580 b2 6 SJUTERIZIER 2GR b E A1
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RIRRALE LTe, MEEZ4ElR 13 RIS EUIBE L T, RRRE L ez R L7z,

WEEHEYT

FER 2 12 oW, M REREE ORISR FREE & TMG-123 B EREORER LT OB EERE (il X

O E ) D7 —Z 22OV T, Bartlett 42 X0 FE0HIEORE & Fhi LT=, FoBMEnado biv

5 a3 1 TR E D BT 21TV AEZENGE O b AVILT Dunnett 2% B LI E 15 4 Ffi L 72, %

SYEMENFRD DAL Dy o T2 A 1 Kruskal-Wallis f2E 21TV, A EZNFED 5 101X Dunnett BIENT

MRELEM LT~ 723, AKX, Bartlett 1513 1%, F OO EITEH 5% & L,

FER 32O, B REREE OAIER FREE & TMG-123 B EREOKRER L OB EEE (il X

OHXTE ) DT —Z 2O\ T, Bartlett {5 K0 S0 BPEORIE 2 92400 L7, S0 HENTRO b

7255A 1% Dunnett 5% . 0 HENRD Lo 23581, Steel OREZ HWT, FILF IR

SHHERE & TMG-123 &G8E L O CTHLEE 2 G L=, 728, AB/KUEIL, Bartlett 151X 5%, =0

M ORE LA 5%35 LT 1% & U7, SRIMFFATE O WSS E & TMG-123 5O ER L USE

HiE (Ml LOHEMER) OF —ZIZOW T, F REICL Y FoBEoRE % Fhi Lz, Foi

PERRO GNTZHE X tREL . FEOHMEDRE D bV 72581, Aspin-Welch O t lRE %, &

BESHHBRE & TMG-123 &G E ORI THEE L=, 2B, AEAKHEL. F REIX 5%, ZOMOKEIX

M 5%FB LT 1% E L,

FBRA4IZHOWT, FE, ZRKZETOHEL B BMHEECs L ORI, Bartlett 142

O EGHIEORE (BEKMES%) 217> T, EoHBIEDGRD H72355 13 Dunnett V5%, %4571

PESFRSD B AV TG BT FANARL D ZEIT-OW T Dunnett BOIE 21T o 72, FFIEEBREREL
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NZOWTIL, EHINERL D 22220 T Dunnett BLORRE 21T > 72, REBEFEE L OFRIERIZONTIT
BEZ W THRIE LT,

FEER 2 O EHMENTICIL LATOX-F computer system (FUJITSU ADVANCED ENGINEERING
LIMITED, Tokyo, Japan) % i\ 7z, &8k 3 DHFEFHFENT 1213 SAS 9.2 (SAS Institute Japan Ltd., Tokyo, Japan)

T2, SEER 4 OFEEHAENTIZIL Provantis  (Instem, Stone, UK) % HV 7=,
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—HRIERS L OEE (R 1~4)

—ARFEIZOW T, B 1~4 oW Ly, IWEESIREERS X OV TMG-123 B 5-REI2 BV CHkE s

KO/ UTPRIRAE R A S 37~ PEG400 DKEH 1T, 7 v MZBWTHEEETAERZEZ 32 &

DAFN ST U5 72 b [Hermansky et al. 1995; Ueda Y et al. 2011], _EFCATRIE TMG-123 65 & 1 XB96% 72

VISR G IR LBk E 2 b,

(R EIE OfE L% Figure 2-1~2-4 (2R $, KEIZOWT, FEBR 1~4 OV R BRI o & 18

LT, TMG-123 #5283 2 ZUITERO Hiviem o7,

MmiEE (EBR1BIO3) BXOMb A2 ) VBE (E81)

MFEE IS KO A > R U R EERIE OfE R % Figure 2-5~2-7 2R,

FEER 1BV T, 1R E% O IMEHEIT DT 0 TMG-123 G5 TH KR T L-, £7-.

HREEGHZOMmMP A 2V AREIZOWT, &KGIEE L2 kiZA biRnoT,

FER3IZBWT, %528 BX1N90 H HOMMEIZEGENEWEHIFZERE CTCH-T-, &5 28

BLOV90 HEHIZEIT D TMG-123 5% O MAHEHER X R TH 72, 5 mgkg EHIZHBWT, 1

PEEZS 50 mg/dL LA OEIRITFRD Hiviehotz, —77, 20 mgkg & GHETIIE G 4 Fe#% £ T, £

72 100 mg/kg % 5-FETrIEe 5 8 B #4 £ TIPS 50 mg/dL DL F OEENRTED Hiviz,
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Ry axrT o 72 (EBR1 2B8LV3)

c¥ T axxrTr 0 7 ADOFER % Table 2-1~2-3 (2777,

FBR 1BV TC, HIEE G % O MEEF TMG-123 @ AUCo24n 3 £ O Cax 1. 100 mg/kg (& CHEFT

HTholz,

FEER 2 1B W T MAEF TMG-123 @ AUCooan B L O Crax 1 X R G ER B WEHZ EBETH - T2,

51 HHDTMG-123 ® AUCposn B L Coax 1228 HH ERIFRETH - 7=,

EER 3B W T MAEF TMG-123 @ AUCooan B L O Crax 1T R G ER B WEHZ EEBETH -T2,

#5-28 HH D TMG-123 ® AUCo24n 3B LT Coax 1590 H H & RIFEE TH - 7=,

FRBLOREER (ER2B8XV3)

TR OFE R FEER 2 1TV T, RIS FREER L O R_T oD TMG-123 ¥ 562 T, Mg @

\
Y

O (Af) BAabivi,

FEBR 31T T, G HIRR T R OO IS L O~ T TMG-123 & G- OB TENL D

RN EITR B L OREN B S vz,

S B E I E OF5 B A Table 2-4 3 LN 2-5 1T,

EER 2 TlE. BB IREE L TMG-123 G FEDOHEIZBW T, WD TMG-123 B5-FEZ BT

RIERICAH BRI bR o Tz,

FER 3TV T, KGR THRC 20 mg/kg & G-HED THEROMS I L O EE T, W)

HRE & PLl U TR ERIICAH BITIRE Th o 72, 20 mg/kg K GREDORG R OME e E R 1T, F e R

EHH L THGHERICHBIZIRKE Th o 72, T bid. HEMBNEDRWELTH 722 L b 1E
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FHHREETH D EEZ b, W/ TR, SEHARICHEREBTEED bhahro T,

IREERRERRE (ER2K8LV3)

JREHRR ARORAE ORTIR, KR 2 [ZB\W T, MRS RISHEE 22 (R 23, 100 mg/kg &5

HED 3/10 PlicBIZE S, T b OMARE LROEFENICIT, K EEGMROREE (EH) 238152

iz,

TR 3 12BN T, FGHIMKE T RO MRS B BAEME ORI ZMEDS . 20 mg/kg #GRED 1/8

Bl (82450 . 100 mg/kg BEG-RED 2/8 B (A% 1 B, #8781 4) (2B Sz (Fig. 2-8), ZiuH DOF

M X, BAEMEDZENIEAL, S EMIE, AFRERYERIIOE 3o & O R 2 1 © AR, k7 0eiE e

(spermatid retention), I NZAFHARIE DOFEREEE G ATV, E2, REM)O AR AR OE

PICIE, H BRI O FEE (B0 MBI Sz, RIS TRAICE W Th, 100 me/kg #G-HED

2/6 BT MRS B IS HAEIE O RSAIE ZEVE (B0 2AAbh, Th b O R LIEOEENIZIE, K

ERGRaOREE (B BSBIE Sz,

BFRE (ZR4)

A O fE 4 Table 2-6 (27577,

VA HREE & TMG-123 3 G- REDLLEIZ BT, 100 mg/kg 35-RE TR I HE B 5 R BRI ZH

FHNCHBREENIEO b, Flo ARG TR, #EHERNICHBEREB TR W T IRE

(1599x10°/mL) I KOs BB (212) (TARMEM R 237 B i, RBREMfR O =7 — 7 #

K5I 1,715~2,463x10%mL, ¥ HEWEFEEL: 229~287) % A58l TdH - 72, 20 mg/kg LA
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T ORE T FARNCH B AT R X ORI TR S iehho Tz,

B (FEBR 4)

RE R A DG FL A Table 2-7 (2R,

TARIEESTIREE & TMG-123 B 5REDO I W T, REHR, ZRFEB L ORER E To HEIZ,

WFHID TMG-123 #5810 bR ARNCA E e ZBNIRRD G e hr o7z,
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Figure 2-1 Body weight in experiment 1 (single dose study). The data are presented as the mean
(n=6).
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Figure 2-2 Body weight in experiment 2 (4-week repeated dose toxicity study). The data are

presented as the mean (n = 10).
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Figure 2-3 Body weight in experiment 3 (13-week repeated dose toxicity study). The data are

presented as the mean (n = 8).
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Figure 2-4 Body weight in experiment 4 (13-week repeated dose fertility study). The data are

presented as the mean (n = 20).
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Plasma concentration of glocose (mg/dl)
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Figure 2-5 Plasma glucose levels after single dose in experiment 1 (single dose study). Blood

samples were obtained at 0, 0.5, 1, 2, 4, 8, and 24 h after administration of vehicle or TMG-123.
The data are presented as the mean + S.D. (n = 3).
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Figure 2-6 Plasma insulin levels after single dosing in experiment 1 (single dose study). Blood

samples were obtained at 0, 0.5, 1, 2, 4, 8, and 24 h after administration of vehicle or TMG-123.
The data are presented as the mean + S.D. (n = 3).
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Figure 2-7 Plasma glucose levels on Day 28 (A) and Day 90 (B) of dosing in experiment 3
(13-week repeated dose toxicity study). Blood samples were obtained at 0, 0.5, 1, 2, 4, 8, and 24 h

after administration of vehicle or TMG-123. The data are presented as the mean + S.D. (n =2 or

3).
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Figure 2-8 Representative histopathological images (hematoxylin and eosin staining) of testes
and epididymides in experiment 3 (13-week repeated dose toxicity study). Images of a control
testis at low (A) and high magnification (B to E), and an epididymis at low magnification (F). No
abnormalities were observed in the control tissues. Images of a testis at low (G and H) and high
magnification (I), and an epididymis at low magnification (J) from an animal treated with
TMG-123 100 kg/kg after a 13-week dosing period. Degenerated seminiferous tubules were
observed sporadically. The tubules contained germ cells with eosinophilic cytoplasm and nuclear
condensation (arrowheads in G), relatively large and discrete tubular vacuolation (arrows in G),

multinucleated giant cells (arrows in H), retention of mature spermatids (arrows in I), germ cell
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loss, and disorganization of the germ cells. The epididymis exhibited exfoliation of germ cells in
the lumen (arrows in J). Images of a testis (K) and an epididymis at low magnification (L) from
an animal treated with TMG-123 100 kg/kg after an 8-week recovery period. Degeneration of
seminiferous tubules and exfoliation of germ cells were still observed. The scale bars represent
200 pm.
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Figure 2-8 Representative histopathological images (hematoxylin and eosin staining) of testes

and epididymides in experiment 3 (13-week repeated dose toxicity study) (Continued).
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Table 2-1 Toxicokinetics parameters of TMG-123 in experiment 1 (single dose study).

20 mg/kg 100 mg/kg 200 mg/kg 300 mg/kg

Day 1 Day 1 Day 1 Day 1
Tmax (hr) 2.0 1.0 1.0 1.0
Cmax (ng/mL) 1,960 8,020 5,060 1,940
AUCo-24h (ng-hr/mL) 7,970 24,200 23,400 14,500

n=3

Table 2-2 Toxicokinetics parameters of TMG-123 in experiment 2 (4-week repeated dose toxicity

study).

5 mg/kg 20 mg/kg 100 mg/kg
Day 1 Day 28 Day 1 Day 28 Day 1 Day 28
Trmax (hr) 1.0 1.0 1.0 2.0 1.0 1.0
Cmax (ng/mL) 342 647 1,660 1,850 8,180 9,400
AUCo-24h (ng-hr/mL) 2,180 2,630 9,160 11,600 35,500 25,400

n=3

Table 2-3 Toxicokinetics parameters of TMG-123 in experiment 3 (13-week repeated dose toxicity
study).

5 mg/kg 20 mg/kg 100 mg/kg
Day 28  Day 90 Day 28  Day 90 Day 28  Day 90
Tmax (hr) 2.0 2.0 2.0 2.0 1.0 1.0
Cmax (ng/mL) 439 357 1,930 1,790 6400 5,910
AUCo-24h (ng-hr/mL) 2,430 2,420 8,950 9,780 29,200 28,500

n=2or3
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Table 2-4 Organ weights in experiment 2 (4-week repeated dose toxicity study)

G Negative Vehicle T™MG-123 T™MG-123 T™MG-123
roup Control Control 5 mg/kg 20 mg/kg 100 mg/kg
No. of animals 10 10 10 10 10
Testis® () 3.203 £0.133 3.294 +£0.180 3.267 £0.146 3.338+£0.195 3.212+0.316
(%)° 0.754 £ 0.037 0.817 £0.072* 0.790 + 0.099 0.821 £0.070 0.980 +0.070
Epididymis® () 0.980 +0.061 0.990 +0.058 0.967 +0.085 0.949 +£0.044 0.949 +£0.133
(%)° 0.231+£0.015 0.246 +£0.022 0.234 +£0.033 0.233+£0.018 0.236 £0.029
() 1.246 £0.137 1.201 £0.103 1.303 £0.153 1.215+£0.231 1.177+£0.178
Prostate
(%)° 0.294 +£0.036 0.298 £ 0.036 0.314 £ 0.045 0.299 £ 0.061 0.291 £0.035
() 0.361 £0.076 0.347 £0.032 0.336 £0.041 0.321 £0.041 0.337 £0.040
Seminal vesicles
(%)° 0.085+0.018 0.086 £0.013 0.081 £0.013 0.078 = 0.009 0.084 £0.011
Pituitary gland (2) 0.013 £0.002 0.012 £0.002 0.013 £0.003 0.012 £0.002 0.012 +£0.003
(%)° 0.003 +0.000 0.003 £ 0.001 0.003 £ 0.001 0.003 £ 0.000 0.003 £0.001
Values are mean + S.D.
a : The sum of right and left organ weights.
b : Ratio of organ weight to body weight (relative organ weight).
*: p <0.05 (Significantly different from Vehicle Control)
Table 2-5 Organ weights in experiment 3 (13-week repeated dose toxicity study)
Gro Negative Vehicle TMG-123 TMG-123 TMG-123
up Control Control 5 mg/kg 20 mg/kg 100 mg/kg
No. of animals 8 8 8 8 8
Testis® (e 3.459 £0.358 3.582 +0.082 3.239 +0.346 3.228 £0.341* 3.474 £0.246
(%)° 0.652 £0.061 0.656 £0.091 0.608 £0.052 0.586 £ 0.043 0.637 +£0.078
Epididymis® (2 1.493 +0.141 1.448 £0.072 1.407 £ 0.229 1.413£0.111 1.413+0.158
(%)° 0.282 +£0.032 0.265 £0.041 0.263 £0.034 0.257 £0.020 0.259 £0.037
Prostate and (2 3.030 + 0.482 3.178 +0.447 3.031 + 0.4967 3.027 +0.394 2.920 +0.233
seminal vesicles
(%)° 0.570 £0.081 0.575 £0.047 0.570 £ 0.093 0.554 £0.101 0.533 £0.036
Pituitary gland (g 0.013 + 0.002 0.015 + 0.002 0.014 + 0.002 0.012 + 0.001* 0.015 +0.002
(%)° 0.003 +0.000 0.003 £ 0.000 0.003 £ 0.000 0.002 £ 0.000** 0.003 +0.000

Values are mean + S.D.
a : The sum of right and left organ weights.
b : Ratio of organ weight to body weight (relative organ weight).

*:p <0.05, **: p <0.01 (Significantly different from Vehicle Control)
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Table 2-6 Sperm analysis in experiment 4 (13-week repeated dose fertility study)

Group Negative Vehicle TMG-123 T™MG-123 TMG-123
Control Control 5 mg/kg 20 mg/kg 100 mg/kg

No. of animals 20 20 20 20 20

Sperm motility index 269 +21 256 +45 271+24 269 +27 212 + 87

The sperm concentration (x10%/ml) 1,953 £225 1,895 +233 1,989 + 264 1,911 +£245 1,599 £516

The incidences of sperm malformations (%)*
Total 0.4+0.5 0.8+0.6 0.6+0.6 0705  27+£1.9%  [19]
Head 0.2+0.3 02+03 02+03 02+03 0.7 +0.8* [197°
Neck 0.2+0.3 0.5+0.6 03+04 05+0.5 1.6 £ 1.6%* [197°
Middle piece 0.0+0.0 0.0+0.1 0.0+0.0 0.0+0.0 0.0+0.0 [197°
Tail 0.1£0.2 0.1+£0.2 0.1+£0.2 0.1+£0.2 0.4+0.7 [191°

Values are mean + S.D.

a: The incidences were calculated in each region: head, neck, middle piece, and tail.

b: Number of animals in TMG-123 100 mg/kg group. One male was excluded since sperm morphology could not be evaluated
because of incidental changes

*:p <0.05, **: p <0.01 (Significantly different from Vehicle Control)

Table 2-7 Mating ability and fertility in experiment 4 (13-week repeated dose fertility study)

Dose (mg/kg) Negative Vehicle TMG-123 TMG-123 TMG-123
ose (mg/ke Control Control 5 mg/kg 20 mg/kg 100 mg/kg

Number of males mated 20 20 20 20 20

Number of males with

successful copulation (%) 20 (100.0) 20 (100.0) 20 (100.0) 20 (100.0) 20 (100.0)

Number of males impregnating (%) 20 (100.0) 19 (95.0) 18 (90.0) 18 (90.0) 19 (95.0)

Pre-coital period (days) 24%14 29413 30+15 29+22 35434

Mean + S.D.

a): Copulation Index (%) = Number of males with successful copulation / Number of males mated x 100
b): Fertility Index (%) = Number of males impregnating / Number of males with successful copulation x 100
Not significantly different from Vehicle control-group
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F2ETIE B 1 EBEOA LAV EIZRBRD XA TOMPHK THTH D glucokinase TE LA
TMG-123 %7 v MG T 2B OERZTo 72,

MEFLC DV T, B 1 ORI G, F25 2 0 4 HRBIER 55 L O%ER 3 0 13 K E RS
BITHCTIR T2 Z E AR SN2, RIS, 20 B XL OV 100 mg/kg D 4 3 KON 13 W ER O &
HBH%OMBEEILX, AV CEGREFERRIZ, B FBXOT v MIBWTRME & S5 HKdED—
D TH % 50 mg/dL % [R5 MPEE % 7~ L7 BRI 2 2 LB TMG-123 O KR B 5% I Rife ) 72
RIMPED S| 2 SN D 2 & DR ST,

Fro, ER 1 OBEEREZIZEBNT, P A AV UPREIC TMG-123 5 X 28T~ 60
o Tz, TMG-123 IZHERERIRICTH v | BEIRD A > 2V Wi CiEZz < o IFIROBERR D 1A
NN L > THithEfE 2 BT 2R 2 Ff2 2 & 33 ST Y [Tsumura et al. 2017], 4 B OfE R
X2 OHWE LHERNED TH o7,

FEFRALRR RO OFE . EBR 2 0 4 WEBS-H O 100 mg/kg #5-8E, WONTER 3 0 13 # /M
FHFRFD 20 36 LTV 100 mg/kg B 5-HEICBW T, BUEMEDORGE ZMEDNRERICA BV, £ 0 k7

AL & & 2 b DN RGO RIS FE B EARICBISR S e, 26 O, BIEMED Z2RRL.

X

ZIZEMIRA, AFFRRERMEHERE J X OZ NG & £F © G/, F 0B (spermatid retention) . ¥ X
ORI D RE R 2 & ATz, S 612, BIESIFEE TRICBW TS RBEOFT A A bl 2 &)
5. INBZIIREERICZ LWEE BT,

Flo, KME OBLEMEOZERERIE. ' b Y MR G 2 = 723562 — RN B 5 AT AL
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D—> T H[Creasy 2001], LizMoT, =9 LIHMaxEZET 2L, ©o bV Ml BIEL2ZF

IR Z VR — b T& 72 < 72 o 7= AT REME[Creasy 200113% 2. B L 7-, FEEGHIIL & L b U #iE I 2

DD FEROBEIIR A TH DM B 5 & — RIS STV 5 72D [Nolte ef al. 1995], 5

BOBCITEHEMENZ LW 2 & 2T A RIOMRIT, G Sz r —2 & —H L T,

EBR 2 B3 OV TMG-123 B EREHZBWT Y, B BE Fo&E 5T IZ TMG-123

B EICBHE L7 —RIREEDO B LB L OMKEOZIHNIR O bvehoT-, Fi-. 25B EE&IZ TMG-123

BHEOEBIIA LN oT-, TNHDI Enn, KEOFEMMFENZIIE, A MU A IR

IVE DRI L HETII/ W EEZ BN,

SHIT, EBR 4 O FREICEW T, BPREFEAROMEL IR FRER L U8

EPEFR B OIREME A 23380 B LTz, —T7. REFRB X OZHFIZ TMG-123 5O BIT78D biv/e

molz, 7 v M TR B AZBLREIC G A 5B/ NS N Lo TEY | HFEN 90%

o T HARERRIC BT 2\ & D235 D [Robaire et al. 1984; Bieber et al. 2006], ASFEERS: T

BOTRILPEZ L 2 ~DOREIT, REEICEEZ G 0EEHETIRNVEEILN,

F2ETIH, ARV TR RDLZ A TOMPHE THE TH % glucokinase 1EPEALH D R IE ¢ 5-

XD E 1 EERMKIC, R RMmbEN 2 S A, KR ORER (LT bz, T

R, 7 a—ARFHIRE KGFT 5 Z ENE MBI TV S[Rato et al. 2012; Bajpai et al. 1998;

Boussouar and Benahmed, 2004; Jutte et al. 1982; Robinson and Fritz 1981], L7223 T, MK FHEOE

B2 Ci3e <0 MBI TR O A& 512 L 0 il S o RipEs . R EE A SR L

AIREMEDNE 2 BT,

PLEDOFER L0, BEEIEREMRITH D TMG-123 T » M 4 BX OV 13 BEEROESS
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VL EOA AR UEREREE RIS, FRRO 7 ARIMES AR S D 2 E R S L

7o —F. A 2 BT TMG-123 B 512 L 528N 7002 Lk TMG-123 13T ERE

MRITH D EOWE L FELRORRPGONT, Fo, ARG ~ORE L U ORRICHUENE

DFEHIEZE MR L O O k72 e s U TR R EROEFENICH LRI OREERRO b b Z

MBSz, OB TA LN T, RPN 2 RN EEELTHD LB X

Hivl,
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/INFE

FB2ETIE FH1EOA AV EFERDLZ A TOMPEK T TH D glucokinase 15 (LA

TMG-123 % 7 v MG T 5FE R EZ1T- 7,

AKETIE, TMG-123 B HIZ L5 TA A Y U HR & RRRIRMBREENEE S D 2 & 03

BENTZ, —JF. FA AU BT TMG-123 52X BN &G TMG-123 134T

TEMBEATTH L5 & OWE EFE LRWVRRPGEON, & 512, HROWEMMENE LS IO

T REDRENH LI, T ERAOREN RIS NIz, 1 ZBRBIOH 2 BIZBWT, 4R

Vo BLIOENE TR AER S 2> TMG-123 OWSEA| 2 £ 5 U7-BRIC. W o b ki

IRARIAERS KO RBENZONTZ L WIS FIERIE 7 L a3 — AR E SIKFTH 2 &

NESHOENTND Z L, FRTHLNIAIE, RIMBER 5 & 2 "R\ EZE TS

D AREMENE 2 BTz,
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FERFETT VT v MTBIT 5 glucokinase FHFHEALE] TMG-123 # 512 B9 B M5
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B1IEBILOE2ETIE, EH T v MIA AU U XUIFERENR glucokinase iHMEALHITH

% TMG-123 #8532 &, mANZRBW TR 7R N B S, S DICRBEOREIREEDR 2 D

NDHZEEMERB LI, ZNEOT =26, MPHETRIC XD ESNZ2REE TR < Kb X

D REYeEME L UTORREMENGI SR Z SN iR Z B AT, ZORGAE LTIV, &5

7> & MUBEAE S i@ N2 9D MR T 384 S 3 5 L C b ARIMAEDSEE Z & 72 W BEIRWTE 7 VB Tl

BREENEZORWEEZ LN, 2T, 5§ 3FZETIE, PRFET LVEW Th D Goto-Kakizaki

Zv bk (GKZ v F) ZHWZHZITo T2,

GK 7 v ML, FEIRGR 2 AERIFET LV ORENRETLVEM THD, ZDT v M Wistar

7 v bR, A7 RURBEAMRBRICB O TIEEME T L TO S ER 2 @RI S8 5 2

LI X VHESE SN T-FHTdH D[ Tourrel et al. 2002; King 2012], 4T 7 /LVEMWIL. BEAMEHICIZA

YAV AW A E R L, AT L < _EH9 5 [King 2012; Koyama et al. 1998], — /7, fafiFo

Mo 2 AMEZTe LAEEZ R Z & 23 EE STV 5 [Sugiyama ef al. 1989; Berthelier er al.

19971,

Tsumura 52X > T, GK 7 v b Z V72 TMG-123 O FEhFEHMN 23 8 S 41TV 5 [Tsumura et al.

2017], ZDWMETIE, TMG-123 25 5172 GK 7 v MIBFARTE O MBHE LF-28, W25 &

ATZGK 7 > b &g U CHEKRFIICHED Lz, £70, 2 OB O MPHEAR T iE, mAH & TH 70 mg/dL

FTCTITIEE-oTCWE, ZDOZENDL, GK 7y FEHWAHZ EIZED, TMG-123 #&5 1L T

IRIBEIZ 72 D72V T, WRADOZBEZETE 5 LB b,
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T TARETIHH., WRFETVEM THS GK 7 v MZ TMG-123 % ER DL L, mpEHE %

WES D & &I, MROWHMMFWIBRAEZIT I 2 LIV MK TFRZ &G L TH KM

B2 SRWERMFICREW T, REED RIS 20 e it L,
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KRB L OERTT 15

L)

FEERIZIZHA SLC #:U&4: (Hamamatsu, Japan) LY AF L7 GK 7 v & L7, #)

W OfRE L, B FEBRE (S8R 2442°C, T 55+15%. 12 BREIBARS B ) <17 - 7=, EREEF CE-2 (CLEA

b

Japan, Inc., Tokyo, Japan) Z{fH L, HHEBII®7Z, WAT 7 —~vEXSHAEWE SR EFIERT DK

DAEGCHEM L7 UKRRE S : Al1-134),

'ﬂlLlL

=g

TMG-123 (3B SAEIC CTAR L2 2 W=, BT, 71 o7 44/14 (Gattefossé

Corporation, Saint-Priest, France) 33X OV Y =F L 7Y =2—/1 400 (Wako Pure Chemical Industries,

Ltd., Osaka, Japan) 2NVE&ELL 3 : 212725 X ) ITRA LTCIRAWK (LT, PEG/Gel £ 35) &Mz,

B GEATE TK 40°C OTEIRAKRE TR L7z,

KBS0 han

% 5@l T L, 6 @i TLLF O v BT L7,

fisa 598 & BilEL
PRI R G- YL - PERREREE 10 f1
TMG-123 Bt 53¢ TMG-123 12.5 mg/kg R PERUBRAE  HE 10 B
B BEAGAE « B S 151
TMG-123 25 mg/kg PR TE 10 £
B BEAGAE « B S 151
TMG-123 50 mg/kg R MEREREE K 10 (51
R FEAmAE « KE S 1

RIS X TMG-123 % 4 ERIER DG (B5%8 & - 10mLkg/F) L7z,

58 / 88



IFERERIE 36 & N AP R BE R

Feh-1 BEC28 B BIZHERRRE T CERMAHMBAEDRFIRD S 7 ARA > bR (R GA & 5% 0.5,

1. 2. 4, 8 BLON24 ) A28 U7-, BRImERicix. SMUEERIRZ #J] TEOT ., gz~ U >

MUBR X NI T T ABHME 1 ARIHK 40 uL BN U7, B U 72 iR 20 (2896, 12,000 min', 3 47

W) LT, Mgz,

mAEF O MmEE X7 /v 2 —AZ ClI—7 A bV 22— (FUJIFILM Wako Pure Chemical Corporation,

Osaka, Japan) %z W CHIE L7,

MAEF TMG-123 BT FEEiZR T LC-MS/MS 112 L W HIE L. Cmax (maximum concentration) .

Tmax (time to maximum concentration) %3 T8 AUCo24n (area under the plasma concentration-time curve)

DHEINT A—=H BB LT,

TMG-123 ¥ EEHIE

K H CHIEBEFE 10 pL 12 50 vol% 7 & = k U /LEEHR 10 uL 35 X OWIEEETR R (TMG-123-d..

10 mg/mL) 50 pL Z W00, 18#: L7z, =008 (18,700 X g, 5 min, 4°C) L7z, % 54172 B3 50 uL

(AR 40 uL 2 USHN, 88 L7=t% . £ @D 20 uL & LC-MS/MS (2t L 7=, LC-MS/MS (2% LC-10ADvp

HPLC A7 2 (Shimadzu, Kyoto, Japan) & API4000 (AB SCIEX, CA, USA) %7z, etk

WX, 087 & L C Gemini C18 (2.0 mm L.D. X 50 mm, $7£% 5um. Phenomenex, CA, USA) % H >,

7T LEEIE30°C & L, BEMHE LT 10 mmol/L W7 > & =7 LKIRIE (pH 4.0) (BBEIFH A)

ETER=RUL (BEMH B) 2 L. LLFD 7T V2 MR TEBEL 72 (Fod : 0.5 mL/min),
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Time (min) A (%) B (%)
0.00 85 15
0.20 85 15
5.00 35 65
5.01 5 95
6.00 5 95
6.01 85 15
8.00 85 15

A A AbiEIL Electrosprayionization (ESI) {ETITV, R T 4 7 A A E— R CTRIIL7Z, £
=2V T AF NI DONT  TMG-123 1X m/z 494.3—m/z 205.6 & L . WAEEMEYE 1T m/z 498.3—m/z 209.6

L7,

TRERRR A RORE

HR B ICHEMERBREEOREABE L., v ML Z—F U 7 LADOMEVENTESIC X 5 Bl
TCOHUMZEEEIE ST, R IR EREZBEL ., BRIX T 7 U EER T, BE BT 10%9F
MARME R L~ U R CIRIEEE LT, ZOHEIZOWVWT/RT 7 ¢ allills KOV 2170, HE

Yuth 2 320 LTz, 250 HE YeORmA 2 - TR BLER 2RI A L7,
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1. AP BR R AT Al

1. g EE LA O 5 2R % Table 3-1 12777,
MAEH TMG-123 @ AUCoa4n 35 K O Cinax (£, 12.5 mg/kg 725 50 mg/kg (20T THE G- &3 E O EE

EEEETH-T-,

itk 2

M BEERIE D #E R % Figure 3-1 12777,
FehH 1 B X028 H B OMPEHEIX, 12.5 mg/kg 705 50 mg/kg HGHECB W THRSENBWVEEHTE
[RfECdb o7, 2535 K050 mgke (2B CHE, BEGATOM & Ml LT 50%0 LD T 4 73% L7748,

M 2Y 50 mg/dL AT & 72 2 EIRITERD Bz o 7=,

IREMRR A RURE

973 BRARAR PO M O FE J: & Table 3-2 (2R,
TMG-123 ¥ 5 ICHEER L= ITZR 0 b oo 12,
WS ODDFTERHE LN b DD, TR O RITH RO TH b NEEG&E L BEEED R WE, &

HUVTIRIER SR RO N TH H 720, TMG-123 5. & OBEIXRWEE X bz,
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BIEDOHEK

Plasma concentration of glucose (mg/dl)

60 - —— TMG-123 12.5 mg/kg

40 - © = TMG-123 25 mg/kg

20 -====TMG-123 50 mg/kg
0 T T T T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hour)

—— TMG-123 12.5 mg/kg

Plasma concentration of glucose (mg/dl)

40 - - © - TMG-123 25 mg/kg
20 - -4%--TMG-123 50 mg/kg
0 T T T T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hour)

Figure 3-1 Plasma glucose levels on Day 1 (A) and 28 (B) of dosing. Blood samples were obtained
at 0, 0.5, 1, 2, 4, 8, and 24 h after administration of TMG-123. The data are presented as the
mean + S.D. (n = 5).
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Table 3-1 Exposure parameters of TMG-123.

12.5 mg/kg 25 mg/kg 50 mg/kg
Day 28 Day 28 Day 28
Tmax (hr) 1.6 1.2 1.4
Cmax (ng/mL) 1,096 2,363 4,453
AUCo-24h (ng-hr/mL) 7,198 16,714 29,956

n=5

Table 3-2 Histopathological findings.

Vehicle* TMG-123

12.5 mg/kg 25 mg/kg 50 mg/kg

Testis

Hypoplasia, seminiferous tubules, unilateral

no finding 9/9 9/10 9/10 9/10
minimal 0/9 0/10 0/10 0/10
mild 0/9 0/10 0/10 0/10
moderate 0/9 0/10 0/10 0/10
severe 0/9 1/10 1/10 1/10
Dilation, seminiferous tubules, unilateral
no finding 9/9 10/10 10/10 9/10
minimal 0/9 0/10 0/10 1/10
mild 1/9 0/10 0/10 0/10
moderate 0/9 0/10 0/10 0/10
severe 0/9 0/10 0/10 0/10

Epididymis

Sperm loss, ductus epididymides, unilateral

no finding 9/9 9/10 9/10 9/10
minimal 0/9 0/10 0/10 0/10
mild 0/9 0/10 0/10 0/10
moderate 0/9 0/10 0/10 0/10
severe 0/9 1/10 1/10 1/10

*: One animal was euthanized because of misadministration and was excluded from this study.
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i
B

F1IEBLOE 2 ETIE, A AT VBLOTMG-123 Z HWTIER 7 v MR MFRRGE 2 &
SH, ETOERMETICHBWTHEBEEENREBLT 5 2 & 28 Ui, MEEENMRMEEICER 32 2%
(b TH D Z L 2 MRT D701, § 3 T, MR T2 R ER G LT ORI EZ 5
RWEIRE LT, BERFET VEMW TH D GK 7 v MZ TMG-123 % 4 B EHR L LT, KRR
PARRR IO 2 S L 7,

ARETIE, £7 TMG-123 O i HIgEE % 740 L 72 #5558, GK 7 > MM TMG-123 50 mg/kg % #5-
L7288 0 AUCo4n (29,956 ng-h/mL) 13, %5 2 ZICH W T L721EH T » M2 TMG-123 100 mg/kg
G LT25A 0O AUCoam (F28R 2 OF 528 H H :25,400 ng-h/mL, Bk 3 OFe 528 H H :29,200 ng-
h/mL, #%%5-90 A H : 28,500 ng-h/mL) L RFRETH D Z ENMER SN, Lz~ T, KEIZEBIT
HEGEIZ. 7y MCBWCRMEAZE L 5 2 BHEEER L TV 2 EARER ST,

IEAE 2 54 U 7o 0, Be 500 B 38 KON A & b IS SIS TMG-123 2 594 (S0 ITIK T
L. %5 28 HAIZKIT 5 50 mgkg HLEGHEDOETIRIL 69 mg/dL TH Y, ZAUTIEHR T v T 13 HH[H
REHEG L% O TR (70 mg/dL) ERBETH o7, Len>T, TMG-1231ZGK 7 v MIik
WThIEFHT v b ERBRICEKBEER 2@V Tz E2bh7, LM L,.GK 7 v k Tk, TMG-123
FHZIZE FBLOT v MTBW TR & 1l 45 50 mg/dL % TRl 2 MpEE 2 7= U 72 S A4
bNRipolz, LEER-T, # 2 BELFABREDORELERL T b0, HKERTOMBEED &
FERIFET VB O GK 7 v kTl RILPERIEIZ 2 > TV iRipo T LB R BT,

FEROIFEHHAR FRIMRAEIC OV T, 3 1 ETIE, WMERICECEEORME Z£MER L OZ O kK
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72 b & U TR BROEENITHRS BRI O FIBEAS 100 TU/Kg @ 20 691 1 5], 200 TU/kg @ 20 i

H 2 Bl 3L TN400 IUKg D 15 Bl 4 B TRO LT, Fio, 52 B TIE, 4 BHBEEFRFO 100 mg/kg

T 10 Bl 3 B, WONT 13 B ES-EED 20 mg/kg T 8 I 1 #1135 KO8 100 mg/kg T 8 BilH 2 112 A

LTz, —H ARETITIER 7 v O 100 mg/kg & FEROIRTE & 72 % 50 mg/kg £ CTOEHRIZ TMG-123

THITER LB biZ s oo, AT, = xArF—HE LT/ Va—XE[nsr &

MEBHAILTUWND Z & DB [Rato et al. 2012; Robinson and Fritz 1981; Boussouar and Benahmed 2004; Jutte

et al. 1982; Bajpai et al. 1998; Jutte et al. 1981] . 1E#F v & 5720 GK T v M2 TMG-123 % 185

HLTHREREN ROl Did, RIMBENEE S W RhoTolod B2 b,

LUE AEIZIB W TIPEE 3 4 A8 &5 L TH RPN A S e WS T TIOEREEN

BBNRMST-Z Linh, 8 1 83 XU 2 8T h b - R R MR F 300 R 72 B ©

(T < RMABFICHEE N9 D TR TH D & ORGSR ST,
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/INFE

93BT, MBEEARWVERFET VB TH D GK 7 v hEAWVWT, TMG-123 2§45 L C
HIRMBEA L Z 52 WEIEICB W THEREER A LD a2 R Lz,

GK 7 v MZHBIT D TMG-123 O HREEIL, 52 BIZBWTER 7 v M TR X O
PERH BT IRE L FRE CTH L 2 EDRHERINTT OO, K2 R~ EEIEA bR oT,
F7-. RHEAREAIRA OB KIS TMG-123 # 512RK L7 RIZA o=,

LLEX D bR T Z ERES L THRMLENEE SN nE T Tk, MR TECL S

FEREMEIIA BN LR I N,
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AN ON N T

AWPIETIEARIMNE & RBIEORR 2 MEtd 2720 LU TIOR3 1~3 O R 2 F i L7,

F1ETE EET Y MIA A 2Rk E545 2 L TROELZEL L, £S04 T TEMAE

JHER DRl LTz, TORER, A A ) U REGZIC, B FBXIUT v MW TRMmpE &

WrE i 5 HAED—>TH 5 50 mg/dL % FEl 2D MHEHE 2 A~ EEN A B, Frfehy o RimbE2 5| &

IEND T ENMER SN, Fo, REMBFORAEORE. A RV VERESHICBWTRBRICHK

FEPEDRGHE ZZVEDFED B AL, A —ER DR LR DERENIZITREME AMEICEES 5 B2 60

L LG ORIEEAFED DIz, S BT, T RAEDRR, 400 IUkg HE5HEICB W TR FIRER

FOR TR E I BRI T RS X O 2 7R Lz,

Flo, HB2ETIE, F1EHEOA LAY ETERRD Z A TOMPHE THETH % glucokinase 1EME

{E# TMG-123 % 1EH 7 v MG T 58RO EREZT-72, TMG-123 [ZIHEREMEITH O | B

DA > 2V o3I TIid e < o AR OFERR 0 AZIINC & - T2 E T 2 & B2 60T

VN5 [Tsumura ef al. 2017], £, MFEEHIE ORGSR, HEHE, WONT 4 3 X O 13 BREER D&

BRI EITECNTIR T35 2 L3RR S 7z, RIS, 20 35 KOV 100 mg/kg @ 4 35 X OV 13 ##HfH

FOAERE D 5% DML, A R Y UG ERBRIC, B FB XTI v MW TRIMLEE & 4

SNDHEEO—>TH D 50 mg/dL Z FE D MAEHE 2 R~ T EES W Z &2 6 TMG-123 D EHR G-

BICFH A ZMRMAE 2N S S Z SN D Z L3RR S, & 61T, WA ARIMRA ORI, 4 1fH

P GO 100 mg/kg £ 58, W ONT 13 B G-RFD 20 38 X OV 100 mg/kg #5-FEZ BV T, BTEMD

FEAIE EMEDHERIC A DI, T D IR L B 2 B DR L RAINE O FIBED G B L ARICBIZE S
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Nic, &I, EEHAKR TRICBWTHREROFT AN AN Z &b, T b2 LIZEIENEIC

ZLlWweEzx oz, £, HBAREICBWT, BPEREFERRROEL N FREL IO

K H B8RO REM 7 23580 b vz,

L, 7 a— 2RI REEFEL TWDL ZENREHMBNTEY | MEMEATEMIR I

TN a— AT )LFX—JR & LT D [Rato et al. 2012; Robinson and Fritz 1981; Boussouar and

Benahmed 2004; Jutte et al. 1982; Bajpai et al. 1998; Jutte et al. 1981], L7=R-> T, H1EBLOE 2 E

TH LN REREREMIE, MR RIS L 2 EZR 3 TI3R < RIS ER 2 ke 22wt

Td DA RethEn? 2 bz,

%3 BT, MAHE FRAREG L THERMEE Z 5 220 RMAICE W THRRBEER DL )

e 57202, HERFET VEM CTH S GK 7 v M2 TMG-123 % 4 B ER G LT, BEO

BRI A R LT-, FOREE. TMG-123 OIREIL. 62 ZICBWTIER 7 v h CIRImpE

BLOWEHEBIEN D IVREE L FRE TH D 2 LR SN b O, R 2 7= E I3 5

NWipinote, Eiz, WEEMEBRFAIMRAE O R, FHIRIC TMG-123 B5ICERE U7z idHa oo

oo TNHDOT END, MIHE THEZ KER S L CHRMENERE SN0V T, MK T

WX DB IEIIA D NRW T E DR S LT,

UEEY | MR TEALRKERET 22 LR Y., Ffr 2RI R 3 2 R0 &

L CTHIEEEPE SN D Z L0VR Sz,

ARG ORISR, R E 2 ALE ISR 0 R LG LRI, B S g th e

bl T o ME L TOLMORNELTMT 5 Z LAROEN TR, BAREHSEL Y bR

G L TCGRARTOVLERDH D, Zoi), BEAETIHERMEZ S SEZ SRVERLTY, I
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B R PERTAR C 13 B G- AR M BE 2358 A4 D ATREME DN B D, D K 9 AR FIZR W TR

wBIENE Z 725G E . TN HBRDEIC LD EENLEETH L 00, TRNBREETH 200 %

Kol 2 Z LITHEETH D, FrS, BRERBMHMIEEERZ LW ENMBN TN L7, BN

DA ERER GO ZRATT 20T T2 E WS IR TS, b L. HOERLD

BRI W TREREER A LN L LTH, TORMIIRMPE SRR T 2 “RELEETH Y |

MHEZ T =5 =792 2 LICL VRIS T 2mERIUIERERTRETH 5 LRI 2 &N TEUL

ZOEKBOHBEEHATTE OAEENSEY . ARZERGPEOPICH L Z IR 95 L

ZEAbID,

YEEHFZEN B 2 & L 7o Fife i 72 AR MBS I & 0 ZIREYR RSB BAET D &0 5 IR R IE

3L DI R B MERABRIC W T, £ OEM L OFMEART > ¥ v L 2 IEEICEHI S 5 L THE S~

THURFRTHL LEABND,
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AFERUCER L, B2 THRE, ZBIE 2B Y £ Lo, MM REEMBER AR BaHE A

BICHEEOBBEL R LET, £, Wik BV & LI RIEIE A G H0Rs &

UEWEGEAITEE - B EIR B EIE S ORI BURICIRE L 9, 7. AMREOZET

ZHTey TR, TREEZBY £ LEHANT 7y -~ Tl Mt I ONeIE— it
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Abstract

In pharmaceutical development, the characteristics of candidate compounds are evaluated by conducting

non-clinical studies using laboratory animals before the clinical research stage. Toxicity study is one of the

non-clinical studies, which is conducted to clarify toxicological signs such as target organs, dose dependency,

relationship between changes and exposures, and reversibility of changes. Testicular toxicity is one of the

most common toxicities. Gaining a deeper understanding of testicular toxicity will help pharmaceutical

development and be beneficial to society.

Germ cells use glucose as an energy source. There is only 1 report evaluating the effect of hypoglycemia,

which lowers the glucose concentration in the blood, on germ cells. Therefore, it was considered necessary to

evaluate the effect of hypoglycemia on the testis in laboratory animals. In this study, in order to investigate the

effect of hypoglycemia on the testis, the experiments in the Chapters 1 to 3 shown below were carried out.

In the Chapter 1, insulin was administered to normal rats, and the effects on the male reproductive organs

were evaluated. As a result, in some animals the blood glucose levels were lower than 50 mg/dL, which is one

of the criteria judged to be hypoglycemia in human and rat, and therefore it was confirmed that long-lasting

hypoglycemia was induced. In addition, as a result of histopathological examination, scattered seminiferous

tubule degeneration was observed in the testes in insulin-treated groups, and in the same animals exfoliation

of germ cells in the lumen of epididymides, which was considered to be related to tubule degeneration, was

observed. Furthermore, as a result of sperm analysis, a decrease in the sperm concentration and an increase in

the incidence of sperm malformation were observed in the 400 IU/kg group.
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In the Chapter 2, multiple experiments in which normal rats were administered TMG-123 were

conducted. TMG-123 is a glucokinase activator, which is an antidiabetic agent different from insulin used in

the Chapter 1. TMG-123 is reported to affect on glucokinase mainly in liver and improve glucose tolerance by

increasing hepatic glucose uptake rather than stimulating insulin secretion in the pancreas. First, it was

confirmed that the blood glucose levels decreased rapidly after single administration and repeated

administrations for 4 and 13 weeks. In particular, the blood glucose levels in some animals after repeated

administration of 20 and 100 mg/kg for 4 and 13 weeks were below 50 mg/dL, which is one of the criteria

judged to be hypoglycemia in human and rat, as in the case of insulin administration and therefore it was

confirmed that long-lasting hypoglycemia was caused after repeated administration of TMG-123. Furthermore,

as a result of histopathological examination, scattered seminiferous tubule degeneration was observed in the

testes in the 100 mg/kg group after 4 weeks administration and the 20 and 100 mg/kg groups after 13 weeks

administration. Exfoliation of germ cells in the lumen of epididymides, which was considered to be a

secondary change, was also observed. Furthermore, similar findings were observed at the end of the recovery

period, suggesting that these changes were poorly reversible. In addition, the sperm analysis showed an

increase in the incidence of sperm malformation and decreases in the sperm concentration and the motility

index.

It is well known that spermatogenesis is highly dependent on glucose metabolism and male germ cells

use glucose as an energy source. Therefore, it is likely that the testicular toxicity observed in the Chapters 1

and 2 was secondary toxicity caused by hypoglycemia rather than direct toxicity from hypoglycemic drugs.

In the Chapter 3, in order to investigate whether testicular toxicity was observed under conditions where
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hypoglycemia did not occur even when hypoglycemic drugs were repeatedly administered, TMG-123 was

repeatedly administered to Goto-Kakizaki rats (GK rats), which are diabetic model animals, for 4 weeks and

histopathological examination of testes were conducted. As a result, it was confirmed that the exposure of

TMG-123 was similar to those that caused hypoglycemia and testicular toxicity in normal rats in the Chapter 2,

but no individual showed hypoglycemia. In addition, as a result of histopathological examination, no findings

due to administration of TMG-123 were found in the testis. Based on these findings, it was confirmed that

testicular toxicity by the antidiabetic agent was not observed under the condition that hypoglycemia was not

induced even after repeated administration of the antidiabetic agent. Therefore, the hypothesis that the

testicular toxicity seen in the Chapters 1 and 2 was not a direct effect of hypoglycemic agents but a secondary

effect due to hypoglycemia was supported.

In this study, it was suggested that testicular toxicity was induced as a secondary toxicity due to

long-lasting hypoglycemia. In the toxicity evaluation of pharmaceutical products, it is required to evaluate the

toxic changes and the dose level that causes the changes when a test article is repeatedly administered to

mammals and higher doses than clinical uses should be administered in nonclinical studies. Therefore, there is

a possibility that a drug causes hypoglycemia at high dose in nonclinical toxicity studies although the drug

does not cause hypoglycemia at the therapeutic dose. When testicular toxicity occurs in such a condition, it is

important to distinguish whether it is a direct effect or a secondary effect of the test article. In particular,

testicular toxicity is known to be poorly reversible, and if testicular toxicity is observed in toxicity studies, it

greatly affects the decision to continue or discontinue the development of pharmaceutical candidates. If it can

be indicated that testicular toxicity is a secondary toxicity caused by hypoglycemia and the toxicity can be
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avoided in clinical by monitoring blood glucose levels, it could be possible to continue the development of the

pharmaceutical candidates, leading to the launch of beneficial medicines to the world.

The findings that long-lasting hypoglycemia causes testicular toxicity as a secondary toxicity in this

study are believed important for accurately assessing the toxicity potential of pharmaceutical candidates in

nonclinical toxicity studies.
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