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AR SN B WTIELL T DOWgEE & il Wiz,

GABA
mg/kg/day
SD

LH

FSH
PAS
RNA
RT-PCR
mRNA
p450cl7
17BHSD
SHC
SMI
BSA
M199
Cmax
M3

M1l
M18
M20
P450scc

3BHSD

Gamma-aminobutyric acid

mg/ body weight (kg)/day

Sprague Dawley

Luteinizing hormone

Follicle-stimulating hormone

Periodic acid Schiff

Ribonucleic acid

Reverse transcription-polymerase chain reaction
Messenger ribonucleic acid

170-Hydroxylase/17-20 Lyase

17B-Hydroxysteroid dehydrogenase

Sperm head count

Sperm motility index

Bovine serum albumin

Medium 199

Maximum drug concentration

Metabolite No. 3, 5-t ROF-2-Emly ¥/ 4k
Metabolite No. 11, 771 )L 7~ > 1k

Metabolite No. 18, 3-E ROF2-2,6-F U 2 1k
Metabolite No. 20, 4-t ROF-2-EoU P/ 14K
Cytochrome P450 side chain cleavage

3B-Hydroxysteroid dehydrogenase
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FT7 4 725 L3 IHERESERE L TOREEAMNICHTBICARINEE
OU RRBERTH D, AEKOEMER & LT, AREHIIE O B R o
Ca® F ¥ > )L (N/L B) OBIE(LIZ & 0 MFRRAZE W E O S 2 891 S 8 (Yoshii
etal, 1994). GABA BX U MEEMMEMRRICEIS L. BIZBT 25 282
O Z %9 %5 (Nabeshimaetal,, 1991) Z ENHI SN TN D,

F7 4 728 LFEAENHABRICBNT, (IDAIRS5I > (Sakurai et al.,
1989) BEOYAREIL 7 4 > (Nabeshima et al., 1994) 12K 0 £ & N/ 180
KzEWDSE, 2)Za—0O R+ 2 AF64A (Abeetal, 1994), FiFILECHOE
fRELIZ L 585 (Nishizaki et al,, 1998) B L OMEEE# (Hiramatsu et al.,, 1992) |2
KOFEES N ZR DI E, Q)Eh T v bORMe ) 2 EESE 5

(Nabeshima, 1994) . Z EQNGEWI SN TN 5,

BB TIER T 4 85 LI in vitro BEN in vivo 12BF 5iEEHEN
(Shimada et al., 1994) , Y7 AB LT v b &AW T DA A (Kajimura et al.,
1994), v bBROTHFEHNWTOREFTEIE (Watanabe et al., 1994) 13388
SNBMoTz, 13 BRW 52 K EER G HERBRTIZ. 5w FTIE 300
mg/kg/day Z$: 5 L THEMEITFRD 517857270 (Jindo et al., 1994; Hooks et
, 1994b) . 1 X TIX 60 mgkg/day LA | D5 TH FIRIE KA A S N7z
(Sugawara et al., 1994; Hooks et al., 1994a) . 7235, MRt Tl RS R IZ &I

al.

MEEE® 53750 > 7= (Murasaki et al., 1994; Otomo et al., 1994), Z Dk Sz
T4 75 M BOBEERBRIZB W TR E & 72 2 5mE3R H E ey
DI, KT ANOMHIEMADNHER I NI ENS, BREEDWT., AH
ZALRIE GO IR R EHE, A O L EHEZS HDIZT S T,
RADHFHTHSHEEBbNTz,



PR D #m M ORI B, B EEB IR ELE R ELTH DM,
B RREE D EELRIMEGEE S/ oTWa, ZRUIT—ILY D TEROAE)
IBWTHRABIEOR TEMN Z D 50 FRITER Uz E WO WG, DA NG
WD 65 NIZ 1T NI NS (Dhnk TR THZRNnfe s %) 21
W2 Ro 32452 (2003 4F, HARERHm ARHERMAE) THDZ &1z, (i
DRERF->TND I EITEDbDEEZ NS, ERICEBRKRBRAT—2T
PASERA YL IR AN A DN T, ROy T 7 I T 52 Endbansd
b5,

R A E I B DA FRE I RO BEENBNL ZETHD, AliFae bz
STHREMEDEA NS, HHOEMNE L TR FZI TR, BTeEET
DR, KT T 2 TH DN AB X OGRS IZBE G- BRI 72 E D
PSR EN DT oND, £, HTFBRIZEIRIVE S NEELRSEEZR-LT
BO, CZOARWESFLL TWDHIK FEB IO PR &R R ORE
bEMEOEN LIRS, LA L., MICEE 2R IICEN S Z &% 0
D AN KG WAL UTREN TON D, WRAEICEET 2RGHT - #1k
Al D H TR, RS L R KON IR o0 T R 3 L O BERLAR R A & LT
frofn., il TIIHEY) & OB AEIZ L O, MBI IRRE ) 24
LTWah, MZEERSEDIENIMRENEZIREE L TR U —Z 2 Vi =
NTWD, BUKTIE, WEEHICEAL TEMMNBR A7) —= 2 7 %N T il
SNTWVDLETTHD, S SITHARAATERE R HEIEDFEBER D A = X LR
HETZAET DMl SIS N TR, EHEKRBRAT—2I2B1T5
Al AN Z X L ORI TONA Y —hH—DBRIZORND, Z0
BOEHEMBAFEIZBNW T THEERERZFD. N1 AY—h—I3EE21L
W Z D HTORIIKHRZIETH O, b hAOEIERIAER, BLNA A~ —H—
R A NS, T<ICHEEEPIET 2T L2k 0 BPEDORBLZ RRIZH
STEMREE RS, HIEANZ X LDOMIICE > THRLIEENENT < —



H— 3L T IRA R O FEfid L IR O 72 i Z2WIREIC T2 2 & e
IEWICHE R REE R2T, Tabb. AN X LMY OGED R S i
. INETTESLWEDZHFERNS ROy 77 ~LTWBREMY
Hehizii T 2 &M TE et d 0., EEMOBREMMOE#HKP L 0L
BIRERESFHORFENREL 25 T ENHIFE N TN S,

TIT, AR, RT7 4 T8 LML DB A N = X L O % i A
LLEDIT, BPHE (Sy b E=TIAT X, hZ2A4F))) ZHESnICT
SZEzHME LT,

o5 1 Tl Sprague Dawley (SD)T v hEHWT, X7 4 14 AR GHOK
FEOD 5 P, A0 38 TR RS B RS T E T D W T A 2 R I 1M L
S 5IZMmiEH T A M AF 0>, Luteinizing hormone (LH), Follicle stimulating
hormone (FSH). Inhibin 7% & NTAFHRAI T A F 270 2D WTRF L 7=,

F2ETIH, E=UNAXEANWTR T 4 S5 LHBEH,. FILE> T
WHTARATOY, TAKNTFP4—)b, LH, FSH 3L Inhibin ¥ £ % 5
U7z R TIaRG s, KT8 KOOIk, At b L OBk #e
Lz, &z, BRF 7o 25700, TAMATOVBLERTIARNT OF—
W Z&ME LTz,

FHIETEAZIATIVERANTER T 4 15 ABRGHEOREEY A X, Il
FRIVEAHOBRRDEDTANATOY, TA NS PF—)b, LH, FSH B
K W Inhibin YEEEZME L7z, HTFRA E U TR E R, RS L, Ea,
EAEB L OBREEZBRE L2, 3512 32 HAMBOME DR E175 7=,

FHAFETIE, X274 TEY LB RIZBI ST A MATO UV ERKRICEZD
B Z in vitro FHMEREMNWTHNZ, THDE, Sy MERMAS/S—a—)L
BIZKODMELT2514 T 4 v eI E S RIKP TR L, X714 5y LER
IO EEAGHY 4 Fi S-EROF2-BOoU 2/ K, HILE I,
-t RBaFI-26-FL )P hRBLIN4EROFL2-E0Y 2 ) k) &R4



(ZE RN L 72 OB IR T A S 270 S BEE I Lz,

S6IZ. 274 T8I LDATOA RRIIVE CARKREZEMICHRNT S
20, T ATOrN6T A MZTOCAOAEGKEBRICHES 5 2 ik
DfEFE (P450cl7, 17BHSD) IZM T 57 4 T 5 LA DE %% Reverse

transcription-polymerase chain reaction (RT-PCR) 2k O fitL 7=,

AWTEDTRT OFEDABEAIL, B OB KL OEHIZET 5 k8 (W
FT48 4F 10 F1 1 HIEHEE 105 5, FRR 114 12 H 22 HB L OERK 174 6 H 22
H—ARE) B X O ERENMY) O fial 48 K MR SR BE T 2L UE ) (1 55 4E 3
27 U FF 5 7R3 6 5. SRk 14 4E 5 H 28 H —0IE) 129> Tiro 7=,



B1E SD Iv FEAWEEEOYHHEGEHZ
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1. IU®IT

74 78 LD 13 HBKIEE G HEERBIZBNWTA X (Sugawara et al.,
1994) B XTIV Tl 60 mg/kg/day LA E D5 TH FRIERR D A 5 7212 7
NH5T, T T 480 mgkg/day Z#45 L THLELIZRD SN
(Jindo etal, 1994), ZZ T, X7 4 TEH ALIXT v MZBWTH REN 24K
TOMENERT D720, X T 4 T8 LAOHEGHREDOHRUERDOWEETH
% 1500 5L N 500 mg/kg/day & 4 £7-13 9 R ERG L, 0%, K
Rz it U7z, = DFE R, 1500 mg/kg/day TIFAZRRITITEEIT 2 h - 7278,
R, BRE, RIEIETHR, REE - B0 LR - fiNIIROE R, KAk T8
BEIOKFOEBHEOH DR NICEEORBROLEMENA SN, 500
mg/kg/day Tid 4 £7213 9 HMONWTNOHRGHIRITDH, KPR FEB I
R EAK - BINZIR O BRI DA S0, K B O AR A T Ik T oo 45 i
o 537 (Haradaetal, 1995). LWL, TORMBTIEIR T 4 514 LOKE
BEANZZALEIAHAOEELETH o, £I T, AETIESD Sv MR T4
Tt 5 LD 1500 mg/kg/day Z ik 11 A $ 5 U TRy a1k 2 5 3 2 i % 2 1
WT, KR O BLALEE, AEEER T A, RS R PRI D W T I L 2 4%
RFRIZRE L. & 5I2MiEH 7 A S A7 02, LH, FSH. Inhibin 72 5 TNIZ 4 B
FTFARMATOIZDWTHEL =,



2. EBMELB I OEBR A%

- BRI

7455 A (N-(2,6-dimethylphenyl)-2-(2—oxo-l-pyrrolidinyl) acetamide) |3
Pt RECCE A E TH 0, RS ) TamlRES Nz,
Fig. 1-1 ITRIILERMEZ A L. 2 F & 246.31 O FEGOKS SR 72 134 S E O
KTho,

- B

= K (Sle:SD) ZHA SLC (§f#h) X0 ATL 7=, idBrBItARE O A& HEI
307~465 ¢ T, 10~13 s TH 57z, EWIEER 21~25C., JE 35~75%,

2 R IR D By W) 2= TEM o — IR IR S 17z, AT O [ EE R (MB-1,
intE s, ks PR KIZAHRICBIRTES LS I,

- REIRF AL AR B2 224

274 78 LIEH (0.5% HIVRF DIV AF )LV O— ZKIEHK) 125
IR DOF KA TH % 150 mg/mL OERETHEL., v MNHHY >FE2HNT
1500 mg/kg/day DI 5T Z v MZH[R], 3 HE, 1. 2, 3 £7/213 4 BRI E

G U7z, BGHRIIRRICBWTEEOAMEN RS 4 HE%IcA SN TV
Z&/M5 (Harada et al, 1995), 4 X TORM., REFIZALZBERTED LD
I RE L7z

SEGMR O RKEGEHICE 3O Ty M T—F )RR N THRimERL



2o MMEREE L TIHEOAZER, 3 HMBEI 1 MM, &3 ickb L7,
FRRZM L, 77 JEEWRTHEE L, /N5 7 0 abiisg, My L., PAS ¥t
ZHL 7 HIAAEA 2R U 72, 2 U ORI THRE L. Kb Ok
Z I~XIV Ok§ T Bk A T — 2 (Hess RA, 1990; Russell et al., 1990) (243 %iL T,

ESERIIE B KOV UM 2 S THME RS NIC S 1 T4 v EfMIRIZDONT
EALAR AR E 2T o 7o, TR OBEITRE (+). P%E (+4+) BLUE
E (+++) IZ88Lk.

- DB G R OME, lds T i3 Z O B R T3 i

R RHAR LA DY LML 2 IR T 5720 OEBH HOETIR-o 7. Tk
e IZBWT, RERAR FETEII R RIS X3 0G5 TIILEIEERD 5k
Mol HGHRX 1EMELE, 274 Y ABLIONEEEZ K 15LD
Ty MG L, w5 4 ARICEAEZUE L. BRLZ. KR, BHELE
KB RXHNZIRZ R U THERZWE Uz, WP FE Bl a2kl
TERREAZRT Y XF—IZ AN, BEAKT12mLIZARTY v T Lz, T4 A/
—AIFY—"T 10 B, #1Y) - 7> BULE L 7285, BSF NPT 5 9. i
WELZ, TOHTFRBREBEKRO 232 5 —0DF v > /)N— (Sefi-Medical
Instruments, Israel) (Z2& 0, RXEHFORFHHEEKEHAD > M LUTZ. TOEE
Z 120 HAEL. D RBRAR T E Ue, 2. KR 1 g PO TR D
B U7z (Meistrich, 1989).

- MiE B KRG RARILE B E

2T 4 7B AFITEEORG B IO E 0.5, 1. 2. 4. 6. 8, 12
BEON16KFRBRICEO6ILD T b S T—F )L KB R T B & OV 3 2 £RI



L7ze IVE ABEMIZ IS Z i o 0t L 7.

TREREZ2EGAT AL T vEAIEICE 0HE L= (Hamada
etal, 1989) . BEHEMEIIMER Y 1> (32kDa) Z@H L. D7 v
AR TR eV TIZy FE/I—0562%5 _BIk1 D EEVEKUTE RN
72, WEMER inhibina BENb OFEHREE L, TvEAHNBLRT vt
FDOERTRENT 9.8 BLUN10.6% T, ML 2.2 pg/tube TdH > 7.

TABRATOBER "1 TSNV E N7 radiorigand Z W= 2 TPk >
AL Ty EAMRIZEOWE L (Taya et al, 1985), T A kA5 0O 2 Hifk

(GDN 250) | Dr. G. D. Niswender (Animal Reproduction and Biotechnology
Laboratory, Colorado State University, Fort Collins, CO) X 0O ATF-L7=. 7 vtEA KN
BEROYY v MOLEREIL 6.8 BELN17.1% T, MHEKEIL 1.5 pg/tube T
3% sl

LH BX FSH Ol 1Z1E National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK; Bethesda, MD) T A1 A/ 7wt A Fvy K&
7z (Tayaetal, 1990). LH O 7 w A NB L7 v 1 BOLEHEEIL 54 B &
0V 6.9% T, ML 1.9 pg/tube TH VY. FSH TIZFNENT 4.8%. 11.4%
BE 7.8 pg/tube H - 7=,

MR OT A M AT 0 MEIZIEZEY > 7 IV IR QRN S, K R T
SR E A T DM T IR & [k O H 1L THERLL 721 2 1300 g. 15 4> Ri5a0sy
ML TRz BXS 2 Wz, F7z, 1 R G5 ks B AR S RO E O S
Y DS ERRL ZIMEB LI RIZDOVWTH T A MNATO>ZHEL =,

- WS Sk

R, DER T, R IR FEIT R B X ORIV E VBED T — & 13D
fE £ ERMERE (S.D) T/RLU. XMEEEE X7 4 Sty LREE DI 247 kN



5% THRRE U7z, BEREBIZ F T, FRE 21TV, S0 8O 8413 Student @ ¢
E. RESBDOEEIE Aspin-Welch O ¢ MidE 2175 7.



3. ¥R

- RERFAY LA B2 221k

BOGHE 1 BRI HETIES vy NORRIZIZR T 4 Sty LB 5OE83
D LAIRIN D T2, B GHARN 1ELL LD Z v b Tk BIZ B KO &)
& 537z (Table 1-1),

1AM GHTIIAT—2 IX D5 XI ORI BN ZAT Y T 19 Ok
TRl DAER N BEEICA S Ne, AT — 2 VI OFEHIE TIZ D 0/NF5 >
FRILB KO T v 77 OMBHE TR OERE &SRO EENA SN
7=. (Fig. 1-2)

2 MG RTIE 1 BEMBOEMITMA ., R TR O RES O/ E W 1
WAL NTz, BYEODHEMEAT—2, AT — 2 XII THER TR O
B (osmAvd <, S AA B XS NANLAYHE) 2 RTHONAS
N7z (Fig. 1-3), SSHITHTHMBOZT v T ERHMBEDAT— P DR —BNH
SN, TRabDE. AT — XIV OKMEICZT v 7 12 Ok TR0 5
N7z (Fig. 1-4),

3R BGRTIE 2 HEBOEOBED XORENS ST Lz, kil
B O ATORIE T ER TN A S5 NT, K LB T2 M E#: L
il (ARERTER) oRBEbA SN (Fig 1-5). £/, KR
BN AR 7R O 2 JE< . KA MEEZ R LTHB0. 2 ORMm7s
BRIZEDHME AT — O HIIN#ETH - 7=,

4 HEHR G TR INSOELORENEL BEL -, 2RO EMLD
JErk. KSR, L MUMROAETRL, 1TEAEDLEHMIA NI Lz
% < OKME N A5 N7z (Fig. 1-6) .

11



- LB G R ORE, s F o K OVRE B RS SR A

AN DO ZL E L TR T 4 T84 ARG BT B i LT
RE O ADINA SN e M B R LR S X ORI IR A TR A L 7208,
MO RTINS U <IZEMEI3FRD SN o T2, K B HE P B
MALNTZ, RT 4 TCILEEGHD | R Y- 0 ORTFEEIREIT 227X 10° T
HO. IR (285X10°) DK 80% TH o7z, KiHE 1 g PO FHEE T H Kt
BRED 175X 10° 12 LT R T 4 T2 5 AEGETIZ 146X 10° LA H 51
7= (Table 1-2),

- MG B KRB )L E >R

274785 LAOHEE G 2.4 BX 6 B TIMEB LK AT 2 k2
TOVREZABRRKINASNZ, LML, OB TR E ORIz
IH N7 (Fig 1-7). MIEH LH 13H% 5% 12 BRITH B/ AN H S
N7ZUSMNZ, I E ORI EIRA SN o7z (Fig 1-8), F7=. MiEH FSH
BEY Inhibin [ZIZTWNTNORMEFRIZBWTHH SN AREGIZEED 5N
o7 (Fig. 1-:9). X7 4 &L 1 BB GHOKERP T X M AT 0 EBEZ
MR U THERBANA SN, IiEHRT A N AT 0O 2102 A i
A 5N, (Fig. 1-10)

12



4. EE8

AETRERT 4 T14 LK 4 FEHE ORI B2 26 2 R |2 B 22
L7z i DA O3 #5141 EMIZA SN AT v 7 19 DR TR 454
AT — VII DF§HHE OB 72/ F 7 RIS KO TF v 77 O E
R R DAL 72 & DNTRE AR TR OO TH o 7. 5% 1 BXV3
H R TIIHLARE R 22 B IE A S e o 7z,

52 R TIER FRUIBOE RN ZEH S 720 . PR T/ O AR BEL N5 5
N, AT—=T XIVHEMEICAT Y 7 12 OB TFHIENEEND L DITR5 7,
B33 H TR O BN E I 720 . P IBRS T-HII O 4 B0 de 35 &
O MK TR 3B Z ORI O RBE N A 51Tz, #5 4 lTIEINS OZ(b
IS SITHEL . ZEEMIBOEK, LM WESHIE SR A SN S X
IR oTee TDXIITRT 4 TEF LAOKEHEEITEHROMEH OKERYS
WL THWHK DETTHIENRHETHDEEZ NI,

274 7 LARHEEE 2 05 6 FEZICIMEB L OREP T Z K250
CERFESEDIENRINEDN., TORITHBEED L X)VIZE THIEL 7=,
MR A LH 3458 1 BE2 R TIK i 2R L, #8156 12 BB T
A BREINNRA SNz, HGHOFE VRO LH O Ff1E T A K 250
2D OBIFRITWINE TIX AR o 7248, 12 BRI OWINET A 270K Fo
UNT 2 RIZEDBDEEZEZEND, INHDOTENS, TARNATOVED
EHFMEERLCICIREERH D HDEZEZ5ND, INETICHE L DHIET
TABMAT O Z RIS B2 Ok BT BT D HEF 2 L0 58
NTND, REABBRIA NI DA E2HYIHRGTHE, RHTT14 77
A= RN I THYHYOT AN AT OVEEEZNHLEZEFI EERT S
EVn]E L 72 % (Shimomura et al,, 2005), A AT 0O 2D SE, HTE

13



RENHT 572012, GSHROTAMATOCDEGHOTAMATFOCBLN
TA ST PF=)IVOBRAEZ R 5232 < ORI W SN TN S,

TARATOYBERIA NI DA — )V DA R 2 RIS LB Ok
MR T, WPEBREARE. 1 H TAT—2 VIS XU O ks 74 At
MU, 2HEHTRATY 71705 18 DR THIRBELURAT—2 VI S Xl
DINFT R RN UTee 553 TIEAT—2 VIL & VI O 8574
MEDZEH, MIBRTFRIIREAR R, 27— 105 VI O/8FT > HR R £
WA UTe, Tz, I OMARZEIZ AT v 7 19 BRI 02 1B L OB AR
ETHO, FEBEE L TERT—2 VLS VIIL NDOBIT QMG & 5 T4
NEDWL#% T d - 7z (O’Donnell et al., 1994; O’Donnell et al., 1996a; O’Donnell et al.,
1996b; Saito et al., 2000) .

L. TARATOVEELTDTAT 4 v EHIIRICH RO HFEDE TH
DL DAY L AIVIRFA FD 75 mg/kg DHRIERENIEGIZXL D, AN D
TERBTARNZATOCOWMDEEEIELZ ENMETH D, ZOHMELE
LTNF T R BHIEB LA T —2 VILO 25 77 MRS T/ O 5558,
72 BEI DTNV b U I ORGHE BKERIZ 27w 7 19 KT O H»
#6537z (Kerretal., 1993),

S 512, FEAYER, LH OFfl, §i7 > ROz >0 5ICE5T AR
THOBEMIEHRS YL WEDKINS S HE) &L T, A5F—
VII OATEMMOEEDRBEINASNTHBO, ZHET A MATOCREA 5
THLOIRDOROFBRIFETH DL EIN TS, (Russell et al, 1981; Sharpe
1944)

1274 788 KX DUMOENI AT Y 7 19 DTl DO, 25—
VII OF5HE O/NF T MR E XA Ty 7 7 O MR T/l o2 s
SWNZHERTHROBETHD, Zns ke KL=,

74 788 LAFG% 3 HTIREIIRD s s o =08, #5451 % T

14



AT =Y IX 05 XII OFHEIZAT Y 7 19 QR TR O A 5 Nz,
TS A IV DERAT— P& BiRT 2018 T HRMNSM> TER D&,
AT =Y VIOBMEZIIAT—2 VII O ER T 3 HRE O 5 Tlizs
XTI EARREIND, LML, ZTOBAT— VI~V OR5FHiIz
IRASINDRENEL, BT &Ik EEZILNS, TAMNATOUIZ
AT —=VIL 5 VI NOMJER T/l 0L IcHERREERZLTHO

(O’Donnell et al., 1994), A7 — 2 VII 235 A b A5 0 > DK FIZRESZMEANE U
(O'Domnell et al., 1996b) = &M E . X7 4 55 AOFEBOBE S < AF—
VIR TH DI ENEZSND, ZOEDITRT 4TI LIZLDHHZE
CRBERFTAMAT O OBDICEET S ENBEZ NS, LL, K
FTFARZATOYILNVETAMATOYBEIRIZA NI DA —IVOEHRED
[FIRF G T IRBED 2~4% D L NV THEFRF SN DIZH LT, %7 4 514
LDOHEHFEHZTIIN 35%I1C —FMIZIK K32 OO H oIz [HE T 2 #E
DHDTHoIze ZOWHENRTARATOCOBEVWNSTZE, TARAT
02 ORI DOLAIITNE R Z 3708, BORIEDMETT I3 0 ZE K B AN
HIZER G- L Tnwahd Lz,

7o, KERED FEAIERRORIE DRI EZ KIFT Z ENH S
NTCWD (Glassetal, 1982), X7 4 T& LD 4 HEKEHRGTIZ, S hD
REIIIR G 1 BT IRBED 73% 12 F THRA L 7208, ZDOHBIZL 72\ 12 84 b
MZ/RLU 7 (Harada et al, 1995) 7%, a0 ErIZ 51 2 0K Bk A0 B O
89% Td> > 7z, HlBRFGAHIZR D 30% DIKH WA D > 725 THH T IHRIZIE
WEOBENI ENH SN TS/ (Shimada et al.,, 1996), SHID X7 4 St
Z LDORRBMEICIIREFREEZIREG L TianEEx 505,

lbE. 274 585 MZX DM REEOOAIZHR 5% LEBICA SNz
AT 719 ORFHNL O AT —2 VII ORSHE D/ T > Wk RER I 35

FOAT Y7 7 OMEHFHIBOEETHD., INSITETA AT O DM

15



DG L TnWB EEZ SN,
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5. /NG

IPERELE 3R T 4 T2 LORSRBEIEIZDWTHES v b (Sle:SD) 2 iUy
TR L7 274 588 L% 4 RO RER S L, %5 50 th B4 2 ke
HIZRE R U CLOR AR R PR FE R B LNV B 0L L 285 L=,
274 75 LORBREEOIAZALE LTS HERRG%ICAT v 719
DR THML DN A 53, AT — 2 VII ORE T/ F T > ks R 5
KOAT v 7 7 OMBHEFRIRLOZENETR S DN K B Ak FEEERE DI D3 5 5
Nz, TNSOLEIIKRGHBNE< R ITHEVKREICHEL, #5% 4 HIC
FEZEEMIEZE & B2 S MME O ST Lz, miEB IO RFF 2 -
AT B2 L NIVIFERERGRIZHAD U722, ZTOHD S BIZHBEED L ~)LIZ
ETRHELZ. £ &5 1 EB®%THT A b 270> ORISR L T\,
LLEDRRING . 2T 4 T8 LML DHRFEE O ELITR BT 2~ 2
TOZOWPPZEDEBDEEZ SN,

17
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Fig. 1-1 ~ Chemical structure of nefiracetam
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Fig. 1-2  The testis from a rat killed 1 day after 1 week oral administration of
nefiracetam 1500 mg/kg/day. Retention of a step 19 elongated spermatid (arrow) in a
stage IX seminiferous tubule and a degenerated pachytene spermatocyte (arrowhead)

in the stage VII are seen. Bar = 20 um.

- -]

Fig. 1-3  The testis from a rat killed 1 day after 2-week oral administration of
nefiracetam 1500 mg/kg/day. The stage XII seminiferous tubule contains elongated
spermatids having abnormally shaped heads: the tips are thinned and the dorsal and

ventral angles are unclear. Bar = 20 um.
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Fig. 1-4  The testis from a rat killed 1 day after 2-week oral administration of
nefiracetam 1500 mg/kg/day. A mismatch of the step of spermatids and the stage of a
seminiferous tubule: step 12 spermatids (arrows) are seen in a stage XIV tubule. Bar =

20 pum.

La.*) 2 ~

Loxes

Fig. 1-5  The testis from a rat killed 1 day after 3-week oral administration of
nefiracetam 1500 mg/kg/day. Desquamation of round spermatids and spermatocytes

with or without nuclei into the lumen (arrows) are seen. Bar = 30 pm.
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Fig. 1- The testis from a rat killed 1 day after 4-week oral administration of
nefiracetam 1500 mg/kg/day. Formation of multinucleated giant cells (arrowhead) and

. marked loss of germ cells are seen in atrophied seminiferous tubules. Bar = 80 um.
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Table 1-2 Body and organ weights, and testicular sperm head counts in rats

. receiving oral nefiracetam 1500 mg/kg/day for 1 week
Group (n=15) Control Nefiracetam, 1500 mg/kg
Body weight (g) 361.8 +9.5° 322.0 £ 24.3*
Testis (g) " 3.2340.17 3.08 £0.15%
Testis (% bw) " 0.89 +0.04 0.96 £ 0.08*
Epididymis (g) ° 1.00 +0.05 0.90 +0.07*
Epididymis (% bw) ° 0.27 +0.01 0.28 +0.02
Prostate (g) 0.37+£0.10 0.29 £ 0.06*
Prostate (% bw) 0.10 £ 0.02 0.09 +£0.01
SHC (10° per testis) 285.3+324 227.6 +£24.8%
SHC (10° per g testis) 1752 £ 16.7 146.7 + 15.0%*

* P < 0.05 significant difference from control.
“Mean + S.D.
® Weight of bilateral tissues.

‘ SHC: Sperm head count
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Fig. 1-7  Time course changes of serum and testicular testosterone concentrations
after single oral administration of nefiracetam in rats. Serum and testicular testosterone
concentrations were measured in six rats each killed 0.5, 1, 2, 4, 6, 8, 12, and 16 h
following a single oral administration of nefiracetam 1500 mg/kg/day or vehicle

(control). Vertical bars represent S.D. * P < 0.05 significant difference from control.
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Fig. 1-8 Time course changes of serum LH concentrations after single oral
administration of nefiracetam in rats. Serum LH concentrations were measured in six
rats each killed 0.5, 1, 2, 4, 6, 8, 12, and 16 h following a single oral administration of
nefiracetam 1500 mg/kg/day or vehicle (control). Vertical bars represent S.D. * P <

0.05 significant difference from control.
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Fig. 1-9  Time course changes of serum FSH and Inhibin concentrations after single
oral administration of nefiracetam in rats. Serum FSH and Inhibin b concentrations
were measured in six rats each killed 0.5, 1, 2, 4, 6, 8, 12, and 16 h following a single
oral administration of nefiracetam 1500 mg/kg/kg or vehicle (control). Vertical bars

represent S.D.
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Fig. 1-10 Serum and testicular testosterone concentrations after 7-day oral
administration of nefiracetam in rats. Serum and testicular testosterone concentrations
were measured in 15 rats killed 4 h after the last administration of nefiracetam 1500
mg/kg/day or vehicle (control). Vertical bars represent S.D. * P < 0.05 significant

difference from control.

27



F2E E—JIAXCBIERINEEARBIN
MERBETHY—H— OB

28



1. IUBIT

#1 ETIERT 4 T84 A 1500 mg/kg/day & 5w MR KER G L7k,
R BRI BT 9 AMI3 S 1B O 25w 7 19 DR TRl O, 2
7 — ¥ VILRHE O/NF 7 RSB X2 7w 7 7 MR T/ 028 v
THO., Tleo RT74 7Y LBKREFT A NZATO Z2EEB LU ERHR
GTRASELZENHENER ST, LENST, TARZTOCOWMIE
79 MIBUIDART 4 Y LOEREEANZ XL TH D AIRENENEZ 5N
7o Tw PTIZRITHB T xbNNrz 13 EFE K E #5375 T 480 mg/kg/day 128
WTHRRHNENA ST (Jindo et al, 1994), 45 1 # Tl 1500 mg/kg/day & U
DEMEZRG U THEHEZERE LA, 1 XTI 60 mgkg/day O 13 [
TG THTFRROMHINA S5 THO (Sugawara et al,, 1994) . T v MIIERT
74785 LOREHFEEICHL TERZENGWEEZ 5N S,

TIT AETEAXZHNWTHR T4 T25 LOREHHICRIETRILE S
DEEBIOE MCBWTHREHEORBZ FHTEIREDOH WY —H—%
Rt L7z, 7205, P 7aAR e TR R B D 2L 0 A 5 N j= 4 JERE
2T 4TI LEARITHRORKERS L., TOM., iEFF A M AF0 21t
BROHHRET O FOEEBLINERZRHNZ. 512, v hTAHLR
EEINA X THASNDNEDI N, Tv bERUCHGHMTSH 5 HEB LN
LERR 58 DR A RIVE 2D W TR,
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2. EBMEIB I OERAE

- BB

W1 EIRLERT 4 T8 LEHWE,

LY

HEE— 7)1 X3 4 R GRBAIZIINLY — (KI) 25 AFTL, 134
A, AKHE9.1~12.3 kg THEA L7z, FIVE MR BAICIIMRE GEn) X
DAT-L.28~29 » Hilis /K 9.1~13.6 kg THEH L 7=, Byid =1 21~25C,
B 35~75%, 12 R O B = TERIE M — DB IR S 17z, TR
DO JEEEE (DS, AU T & )VEERE, Ha0) & 1 H 300 g 52, SR KIZE H
WERTESLSICL,

BT

AT 4 HEEGABRB I ORILE Rtk 2 e LML 7=, 48
T G-l IO IR, 2 7 ¢ 14 A 180 BEK TN 300 mg/kg/day & #%iE L.
ZTNTNG6. 3 BRN6ILDA XZEHN 0 fFi)7z. #5510/ B L O 5 B ik
it T 300 mg/kg/day @ 4 B G- TIXHEED, 180 mg/kg/day Tl 5% BE DR
HARZAE R A SN TNV Z ENSERE Lz, RIVE RGBT REE, %
7 4 5t 4 1300 mg/kg/day O B[ HE 5 BEB KON 1 EBEE G RED 3 BEE R L,
HSIEDA XEE 0T, BEBIO L ERESIEHE 1 E05y hTF A k
AFOCHTPHILTND T EMERE L 2. MBBEOBIMIZIZZED 12 4> 2
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Yo F 27V (Torpac Inc., NJ, USA) Z. FH3EBEOTWIZIZE I ED X
TA TG LMREHALIZA TRV ERS Lz, TNTNORGK THE, B
IR RNIVES =)L (KHAREE, KB) 50 mg/kg DEFIRIEE 512 & 2 FE
B N THRIMLERL 7.

- MIEFR R E EE

4 G BR TT IR AR O BItART 72 S TS 1, 2, 3 BXN 4 EHE%
(2 WIVE AR TIERKI G HIZ, TOH OGO E 4 BERI%IZK 3
mL O ML 2 FiTfEe D §liR 2y 5 BRI L 7z a4 (1200 g0 10 20f. 4C) 12k
DO NZIMBBIMELET-80CTHRE L. MIEFFTAMATO, TAK
SN BIRNTOPzAT7O0r (FIVECRERBROA) OREITITHRE
HOGHE il DELFIA®T A h 251 > (R050-101), T A k5 24— )L (R056-101)
BrOT7orzAFor (R066-101) Fv k (P v 777 N
AFTv 7, /i) ZH Wz, £, 4 HEEGHB TGS LH, FSH Bk
N Inhibin ORE B 1 5 &M U HIE T 2o 7=,

FERARILVE BE

RIVE AR TR GO 4 R B & B UK 2 i L 7=,
MBIIABEEZRELEBAZTY DF—IC AN, ZBKT20mLIZART v
L7z T4 AN=X3IFH—"T 10 . M) - DBULE L 728, 850 e
TS il BpEALE U7z, 2 ORI #2008 (1200, 10 0/ LT
{7z 2R BRIV EWEICEN Lz, WBFTFAMATO Y, TARS
PHA=INBRYTOY 2 AT 0> OPEIRIMTE RV E S RE & U HETH

o Bl
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- Kot

4 RGBT R A & U Chiil s, K150 K T o EbE, B ek,
MR EBRL -,
PR & 7] TR I FIETEA XD SRR E BRILL 72, FRRs T oa %
NDH2 MDA ZERRL, EXy hEAWTRZE L, TOK, T0—
MEE 0, 5%HHEREHRITY T HEHRLIZ T—DF v >N—&H N
THMEL FTRHTREAT ML, MR 1 mL 00K THEREE L, £
72, KR DRI D — & LM AR T 50 fFICHINL T KSR ik (Sperm
Quality Analyzer, Medical Electronic Systems Ltd., Migdal Haemek, Isracl) 7% ]
WTTHF OENEZ 1@ U7z, #EE)PEIL Sperm Motility Index  (SMI) i T/R &
Nz, MiKZI AL BRIV 02 TR LS D 100 K7 41
T (B BRWECHT GRfa) 2h 0 MULAEGREZEBLE, £/-.
> 100 # FIZDER FOREEBRL T, WA BREEBL 2.

- Dgids H i 3 K OILAR A AR

TNTNORBROBGH 7, 4 HMEGRBRTIIAREEZ, FIVE MG
AR 1B G BEO TN DWW TR BB KON IR 2R L, T
%, I RS TIHEE L, /8T 7 ¢ @i, @y, PAS Rtz
e U T UM BT TR 21T o 7z, TR OREIRERM (£), #&E (+). |
FE (+4) BLUPEE (+++) /L=
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r?

) ATE

L«

E T — F VLYl + EEYER 74 (S.D.) Tor L7z, BERS Hels 13 3 97, Bartlett test
BP0, BRMOBARET—5 &, FEFMOBAI og ZRLETF—5 &
Dunnett @ t-test THRE L7z, AEK%EIT5%E L 7=,
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3. WER

4 A fat e Rl

LG ARV E PRE

27475 LD 180 £7213 300 mg/kg/day 25 L7121 X DB HH 1 BL
Q2 EDIMIER T A N A0 NG EICH D Lz (Fig. 2-1). ZOREITIEA
BHEEA NN STz, HGEIBIN4HOMEFT A MATFO>HIFIF
552 R E AR DB Z /R U 723, dHIEE & ORICA B2 ZA S NRN - T2,
— 4. MIEFRTA NI A —)LIE 180 mgkg/day BETIIH G5 4 HIZ. 300
mg/kg/day BETIIWTNOEIZBNTH BB S L TEEEZRLEZ, 20
ZACIZIT A EABEN A SN, 5% 4 B TIIRFICEHETH o2, Ll &l
DEDOHOEGHOMEFRT A S ATFOYBEIURIA kT2 F— )L O
FEEDORIZARRO sSNah o7z, £z, B5% 3 EOIMEF FSH I2h M7
WA SN0 &RE, MiEH LH, FSH 3 X Inhibin (21354 #% 512 B8
L7eZfbidi@Bd s iz o 7= (Fig. 2-2,2-3).

KR A
AHBEIZ LB L TR 7 4 14 A 300 mg/kg/day BE D H-1% 4 W8 THF Ojil
e AREIZHAD L, FRRNEML 7= (Fig. 2-4). Kia. BB L O

FOHELAEIZINWTNORGHEOWNWTNOMRER S TH S BE L =21 13E
HENEMo T,
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i B B K ORI AR A

F 74 715 L300 mgkg/day BE DHEG5% 4 K B O HEx TR E I DK
DUT. MERFERRE TR MM OZ B I WA, ZEEMILOEE.
il 8 DR e oD 22 KA ZERS M O il okl Ml oD 114 2 4 5 17z (Table 2-1, Fig.
2-5)c LU, BILMUHIIRBEIDS A 71 v EMIIRICERRENZIIZRD 5
NIBMolze 2747145 L 180 mgkg/day B DHIERFZL DR EIZ 300
mg/kg/day Hf DZALITIHNRD ERETH o 7=,

- RIVE Ra R

MiEHFT A B AT O FHEEBEIN T EBKERSOWTNICBWTHAE
THSN WA ERLUIZ, UL, BEFPTZ N A7 0 3 EE 5 TidEd
L72dDD, 1 A 5% TIEHEEEIZ X THSNKMETH > = 0NH &7
ARASNGNoTe. —H, MIEHF 702 250 U IEHEER 5% 106 B
MAASNT=D, BRP 7O 2570 3B IR s N7z, B
MIZA I PF—IVIEHERBB LN HBHR G TEDICRBEICGEIZHD L
M IR T A BT 2F =)V 1 B 550 B0 BT LA~ Z L 7=
(Fig. 2-6) .

B 1 HEROMBRERIINENE R T 0 Ty ARGHTHBETH > 7=,

D72, MIRKERIRRA TR BITIZZACIZRD S Nz o 7208, WIS 26
M8 5417z (Table 2-2),
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4, L

T, A XTBIFD2E T4 T2 LAOREBEICRIZETRIVE > DB % H
ND72HIZ R RNV E > DL ZBIER U 7=, il i H LH, FSH 3 & D\ Inhibin
REWNNTHRPIIBITLZAT014 REIVECARKEKTT A RAFO>0 Lk
DOz ATOCBLINFHEOIA S DF— )Lz DWTHRE E21772 5 7%,
MIFHT A MATOEEGH 1 BEO 2 BTHEICHALE, £/, 3BL
T4 ETEARTIERVYSDDOWHE N NASNE, —FH, TARNSIF
=V ZEL THIMmA SNz, L, i LH 3L FSH 1313 5-
SRR, 7 A S AT 0 20N U 7o 5 5-5% 4 BERE O BS 55 TIEAIZERD 5 1T,
CNSDRIVENEIRT 4 TS LOKRHFE AN Z T LTIEBEG L e
ANz, BB, TAMATOZOHMIHTHT 4 — KNy 27 LT LH A
WIS 2 IRt NE A SN DA, 5% 4 R T EmIEER 0 s nizh -
2o B 1 FEDT y b OEBTITHEE G5 2 205 6 BERI O M5 &k Ok
ABRZTOZRREA U, 5% 12 KOG LH OB MAA 5N Tz, A
DA XDEBRTIEHF G 4RFHOA DRI TH > 7208, FA AT EDD
T4 —=BNyJIZX% LH OZLEBERTH-0121F,. T A MATFO2nED
LT5, SSICRFORE L ZBORMABEEE 2 SNz, £, Wi
TEHOTHTAMATOZA 4B E NS RHMNICODZ0 A LESEA, LH
M8 4 D 30 THkE I HIIN T S al e & 2 o528, #5454 HH
IZBWTH LH ORLIFRBD 5NN o7z, TDOT EIHIK FEE— FEEAk — ks
WRDHBIVE ZSBIM S N DIFEINE Z > TWDITRENENEZ 2 515,

ROFEFTIIHERBIO 1 HABEE G HOMEB LR Rh T 2 s 250>,
TV ATOYBEIURIA NS A= )IVHIEIOBIZESEZH TR, Y%
EELTRAT 4 Y LOENELSE, Sy hTHOLNLLE LT,
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i B L CRRF DT A AT 0204 XTHPA L7~ (Shimada et al., 2003) .

SICHBRHAZZA RSO —)LoMNB L NMER 702 £ A5 0 > o
[ARFIZAH SNz TAMAT O FIBRICEE RS2 R2328, FA R
AT02ZPVPEIEIAANZALZ 2 BEICHEEINS, OEDIZTY IR
G ANKX—FDRBIZLOALSND TA T 4 v E MK T 2 E B0 724
EETH O (Nandi et al, 1999), i GI3E#E 7L ) o REIZL05IERD
NS NN SO LH OO TH S (Tremblay et al,, 1984), %7 ¢4 5
Y LI B4 EBOEGIZBNTH 1T 1 v EMIICHLELR A2
WO LNIEMNo Tz, iz, MIEF LH IZHEiIASNLN -T2, HEFTF X
RZATAZPNEDLEZIZHNND ST, P 702 o 2570 21328 bhER
DOENBMOTZIENS, X T4 T8I LRI T4 v BB EE
KRG A T, 702z 270005 17-0H- 702 2 A5 0 BLUNT >~
ROZXATRIPFZRTTAMAT O ICE BT ORKERET ZHDELX
SNz MIE7 BTz A7 02 ERREEOBRIIAVITH 572, HHhT X
= BRDLER, TARMZTOCBEIL MM TIA NS A —
WBEIOPEROT A MZATOVICEMEIND O EFTF A N A T70 K F
IS B EEZ 5N,

Ty FTRMEBIHEFTZ N 2700 0RMIREGLEHD S iz
WRHEDOL NIVIZEKTHE L, £/, 2o 1 EMBETHHEL TRSN
7z (Shimada et al., 2003). F[R[D A X DOEERTIIHHB LN 1 HREH O ifiLis
TARAT AL LIZIZHnmb &3 4 B E % 5 B o % Gk 1.
2.3 BIM4HROENETN | HOHGRIOMIET A b 27 0 3o la i & )
BETOH-Z. INS5OTENS, MIEBXUKEATAMZATOVIZRT 4
TSI LEGRIIK T T 520, BHETIZEREEL, Z0—KRKiRmigss
SR RO IRSIND T ENBA LN, Ty Mikk( XIZBWTH R 7 4
TSI LABRRATAMATOLERLIELZENWENERD, DD
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Bo1T7 4 v ERIZBI S0P 2700057 AMATOYADEWRD
FEEIZLSDHBDEEZ SN,

X7 4 7% A 300 mgkg/day O HEEGHOMIEH T A N AT O 2 AdED
U TBXO 2 BIZBWTHMAIIHEE L 72, ZoHbMIE+H T2 2570
> DT L 72y, BB E i L THBR A TIN5 2. iEH T 2
NI A=)V G RRAR 1 AR SHIINZE R U, Z O @i % 5 10 b ik
LTHLNZ, MIEFOIA BT A —)LOWINEMEF DT A M AFO>0
BOIMASNTNDZENS, MEFIZBIFETAMATOCNSEIA NS Y
=N ANOEBPMEES N BB A 5N 5, £z, I 5ICMEFT A+
T A=)V OWINIRENHARIZ BT 2GRNz X2 fEEbEZ 26N 5,

FH1EDOKRNS, Ty MZBWTHT 4 514 A 1500 mg/kg/day D554
LRI A S N7k BAHER OO ZMII 2 T v 77 19 OF T/l D FEHE, 25—
¥ VII OF§HlE D/8F T 2 BRI E KO 2Ty 7 7 O P GRS T/l o2 1k
THO, ZORIETANATOVBDEICASNDIEBLEFEBLTWE, &
NS DLRACIIIRAITHEST Uy #5514 R TIIEZE IO K 2 tF 5 K e
DEMiEIE o7z, INSHMANEMLEREFT A N 270> 0 —Er 7
WS, KRBT A AT 02 OEDRNOMBFNELEOEB T LD,
Fv MZBITLBHOLMITIIEEN 2 WEEZZ SN, LML, AZEDA X
OB T 4 BERERGRTIE T v Makk, ZREMILO R 2 0F 5 ks o2
i AN ERD 5N D DITR LT, 1 R G538 TR B OHLERIZ 2161
D H5NIRM DTz, 8B SREEMIE KK R OB R BT Rk
BERLTWDEEASNDS (Rotter et al, 1993), X7 4 Tt 4 A 1 HEE 5%

27w TIEAIHIZE & U TR o 45230 5 & Ok RERII O 2 P &5 7z

WX LTA XTIHBESI AN o, T OHEIZEEAHIIG D AZ MO E W
FRELTEASNIZ KR T Z N 25702 OO FE8ITR I LTI
BGR 1 ER OO L E UTHERIZAEIZA S Nan o 7208, wiIIgIz & L
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TREEKTZ2EBESEEMELTHLNZ. Ty FTIREERTFTA AT
O 2 ORI ORBRIZ BT 2 M EN LD RBIOS I E S Lizom &R
SNDM, FRIDOAXIZBIFDRT 4 T4 LAOKEHEEICE L TIEFEE DL
EI3ERD s N o 7=,

T 4725 L 180 BXLU 300 mg/kg/day @ 4 B 5 TlIMiEH 7 2 s &
TOCPEGR I BRO2ETHRIZHA Lz, MiEFT A M2 F70> ORD
(X 300 mg/kg/day DHERGTHRD 5N/, Ll BTFOEIEK FHB X
KT A R DOHINMNIZ 180 mg/kg/day BETIEERD 5419, 300 mg/kg/day B D%
5% 4 HHIZDOARD 5 N7z, HERF MR E TIE 180 mg/kg/day BE TIIRE D,
300 mg/kg/day fif Tl A TR OH R Z ZOEEDLENRD 517z, 2N
S5OZENS, MIEFTAMATOVEBEIIE MIBIFEXT 4 588 LKsHT
B2 THTESIREORHNWI—H—ThdLEEZI6NS, bL, EhADR
T4 7S AOBREBGRIZIET T A NZATOCNEALES, B EdE
THZETHBEHEEZNBETE 2 EE 2 0N, [T, HiRRA TIRRED
MM ZRINT 22 LI TE T, KR E TEILAIA 5N 2 BT 13k B Rl
MPEEIINROEITLTLE>TWVWB EEZ SN,

Ul 27455 L3 XICBNTHEROKZRGRICHERTT X A5 O

CEWDSE, 4 HEEGBRTIEZEEMLE SORMEOEK 2 SR T

ZEMAEMNERD Tz,
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5. /NGB

T4 T LORERBEANZ X LB IR HENZ PHATE 2D
MW —A—ZRET 2572012, BE—ZINAXICET 4 58S LD 180 BL
U 300 mg/kg/day Z B, 1 3L 4 RN ESRG Uz, 53 & O s
TARNAT O KR TR S ONTHT B ORLARE HIRR AT & R 12 J2 0 L 7=
R T A MATOE% 7 40 84 A 300 mg/kg/day O H[a# 552K F L
N, TORRTHEFP O 2 2570 38R s nah -7z, i
FTARATOVEHEE, | BLO 2 @FEGHRIZHED L, e, miE$T
ARTTF=)VBHEGR 105 4 WTHEINU 7. iftiE+ LH, FSH 3 & 2 Inhibin
(I3 FRBRE T, 23R SN oz, BT HEER OB L O FHIE
ROMEMIIRG 4 WEBETHD TELE L TIRA SN, KROMMRE TIZ |
WG TIRZEIIRO SNzh o 7ens, #5 4 8% TIE 180 mg/kg/day BT
VLR BE 7 RS M D2 DY, 300 mg/kg/day TIHZEEMINOEKRZ & H72 S HipE
DR HE ZE RN A 5Nz,

CNSDREENS, 2T 4T85 LEE M EO B[RRI 5% 108 b 5 2
NATO 2D, 4 ARG TR AR L O RN L(L % 5
SERITIENHENER S, TOTAMRATOCORMEIRT 4 TEY A
MIAT 4 v EMIIZBIS 70270 05T A MAT O AOLENE
ETDILIZLD2BDTHDEER LN, WRELZRINT 57D D2
DENWIS—H—THdIENWENERS Tz,
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® Serum Testosterone

Control

B 180 mg/kg/day i
0300 mg/kg/day |

Control ’
B 180 mg/kg/day
0300 mg/kg/day

Fig. 2-1  Serum testosterone and estradiol levels 4 h after the last administration for
the week in male dogs orally treated with 180 or 300 mg/kg/day for 1, 2, 3, or 4 weeks.

. *Significantly different from the control, P < 0.05 (Dunnett’s t-test).
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Serum LH

[ Control
1. 180 mg/kg/day
|0 300 mg/kg/day

Serum FSH

250

»00 4 T
’_JE\ 150 Control
~ B 180 mg/kg/day
\hcj 100 | | |0300 mg/kg/day

50 ||
0 | I
1 2 3 4 5
Week

Fig. 2-2 Serum LH and FSH levels 4 h after the last administration for the week in
male dogs orally treated with 180 or 300 mg/kg/day for 1, 2, 3, or 4 weeks. *

Significantly different from the control, 7 < 0.05 (Dunnett’s t-test).
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® Serum inhibin

1600
1400 L |
1200 - -
1000 1
800 T ] T+
600 |
400
200

@ Control
M@ 180 mg/kg/day
/0300 mg/kg/day

(ng/mL)

=

Pre 1 2 3 4

Fig. 2-3  Serum inhibin levels 4 h after the last administration for the week in male
. dogs orally treated with 180 or 300 mg/kg/day for 1, 2, 3, or 4 weeks. *Significantly

different from the control, P < 0.05 (Dunnett’s t-test).
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Sperm motility index

600

500

400 e Tl
o g T O Control
(% 300 H 1 ‘B 180 mg/ke
Z i i 0300 mg/ke |

200 H M0 A

i I
100 H 1
0
Pre 1 2 3 4
Week
Malformed sperm
30
E 3
25
20 ‘
|d Control
£ 15 W 180 mg/kg‘
0300 me/k

10 T (0300 me/ke |

0 wT 0] :

0 g u H H = l;l i , ]

Pre 1 2 3 4

Week

Fig. 2-4  Sperm motility and number of malformed sperms in the semen of male
dogs orally administered 180 or 300 mg/kg/day for 4 weeks.

*Significantly different from the control, P < 0.05 (Dunnett’s t-test).
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B

Fig. 2-5  Photomicrographs of the testes from male dogs. A: Dog from control group,
no histologic change; B: Dog given 300 mg/kg/day for 4 weeks. The number of germ
cells in the seminiferous tubules from the treated animal is markedly reduced and

degenerated.
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Serum and testis progesterone, testosterone and estradiol levels in male

dogs orally administered 300 mg/kg/day singly or for 1 week. *Significantly different

from the control, P < 0.05 (Dunnett’s t-test).
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1. I Iz

CNETIZRT 4 T25 LOMEHEE SD 5y hBLIRE—2 )1 X THK
ML TE . v FTIRAT 4 514 A 1500 mg/kg/day @ 1 JHFE#E 5Tk 5L
TARMATOZEWPDSE, WMTHIROERE. /NF7 2 WIS X Ok
MTHROEZEZ T ENHENER ST, 1 ITHBWNTIZ 180 me/kg/day
O ARG TIIEH T A N ZA 702 20 S8, 4 BRI TR o2
PERWATIE S NS HEMB OB RNRD 5Nz, Ty hEA X TIEEEHENE
EHIERITRT 4 S5 LOHABIZENRD SN, BYRICE > TEZHED
BEWRH D REENEZ 6Nz, FIT, ZOETRIZIATIEFHWTER
T4 78S LOKBREIEIIHT2EZEEZMIRDL EEBIT, 1 X ERERICH
BEZE2FHATELY— N — O &7 o7z, £/-, REIL/=BREEOMEE
PEZDWT BRI LTz, T7bE, 274 514 A 30, 60 £7=1% 180 mg/kg/day
ENZATINC I3 EBROEG L, & GBI oksBea L, &
BHE B J O AR A 21T > /2. G RIEA X EDBZIEO sz £IE L
T A X136 57k Bk (Sugawara et al,, 1994) & [i]—d 60 35 K T 180 mg/kg/day
125 NTE SIZIEA HED 30 mg/kg/day 2 f&id2 U7z, B33 54& 7 1%, 32 JHRs
DREHFEZBNTHRL, HROREZETT- 72, EBREP, By 1 X%
T 2 EEDITRIFINIC MK LR Z R L 7Z, RIVE L, G+
ARAFO2, TAKRFIYF—)l, LH, FSH B XL Inhibin EEZHE L7,
MTRAES UCHIRTE R, HTIBE. S8, el OpEzEgL -,
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2. EEBMELB XU ERAE

- BB

W1 BIIRLERT 4 SR LEH W,

- B

HEH =2 A H)VIX AT. Viri Inc. (Philippine) 5 AFTL. 7#EL . (K 6.1
~8.6 kg THH L7z, BIMIIZEI 23.8~26.7°C, T 41.4~79.6%. 12 ¢RI IR
DEY)ZETRIEES — DI I X 7z, 1l D [ E (Certified Primate
Diet No. 5048, PMI Feeds Inc.. IN, USA) # 1 H 100 g 5- 2. @& L TN
TFKI30gbEA Tz, BRAKIIHBIZBIRTESL5120 7,

- 13 B R A #5532 a1 i B

Al BV IR, R 7 0 245 430, 60 BXN 180 mg/kg/day BEZ#E L.
TNTN3IMDHINEE 0Tz, 2T 4 S&F LTEE (0.5% HILRFEII
AFI IV 80— ZKEHK) 1215, 30 BEN 90 mg/mL OEETHEL, HF
=T ZMNTHINC 13 B O E RS Uz B IR 0 A 2 45 5. L 7=,
W GEHIZTRTOYIN STy 2 VRfEE FTRERRZRL Lz, Z0%
TRTOYIVE 32 M OEEBMO®BIZT ¥ I > BIURY MNLESY —)L
BREE R THOMER L. AR R ERE Uz, KSR ERNER. 77 D EEE T
B U, /857 ¢ aMEBEU L, PAS Yeta 2 i L COCAMIMMEs 12 TR & 1T
D7, 7B B . il 1 ml, AHROEERINERERED LS
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JFAEHWTEHIIL, KHY A X2EMOMEE LT FORX 2N TE
L7z

Hidit -+ X mm®=3.1416 X (E/2) mm X (8#.2) mm

- I{E RV E PR E

BRI BRMART 7 5 NS 2, 4, 6. 8, 10 BLN 13 AR 5 Nz [
4.8 BXU 12D 1 HOHG DT &Y 2 BLUN 6 BIRIZK 3 mL DifiikzE
B DEFIRD S ERILL 7z, =05k (1200 g0 10 44F, 4C) Itk Esns
MIFIEIMEEXET-80CTHRE L 2. MIEF T A MZATOY . TA T PF—)b,
LH. FSH B X W Inhibin OREILEE 2 # &6 U HETIFR-> 7=,

© KR A

FBAR A TR T &, KRG K PO, e, IR L 2B,
i PRI &[] U 9 b S 12 e O BBSRIRTE TRV SR 2 fRIL 7=, &
TRIEZ M WTRIRERZJE U7, KIS AZEE 1B TYH H#IC AL
TS TR TRZN D > MU, KRB T3 X OE Bk T OB 2 5 E %R
eHEIML 7. WTOEHEIZDOWTIZN/IE Mitsukawa, 1979) 12X D HIE L
i

- kR ik

T = EE R £ (S.D) TRUZ. BB &EE 3 BITH D720
HALIIR A =S WA S YAVl s
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3. RER

- 13 R AR G- 32 08 R 18 i

7478545 60 BE 180 mg/kg/day %51 TG IR ks B 1 XA
W2IZPWA LT B TRIZEERINZ R L7z (Fig. 3-1). %5 HR% 1K
DF§ B DHER 3 KO HE LT 60 3B KON 180 mg/kg/day BEIZ B W TR/ A3
57z (Table 3-1). LA L. BIEHIRK 7TRICIZIZ(CIZRBD sNah o7z, #
TR 7D 60 mg/kg/day BED 3 Bl 1 4135 KON 180 mg/kg/day BE D4 BT
I D 254 5 K OORS T ML DI E S R TR AR 203380 5N 7=, [ml1E 1
fElf& TIRFICIZ 235 OB 60 B KN 180 mg/kg/day DNWTHOREIZ BT
D 578 o 7z (Table 3-2, Fig. 3-2).,

- MTE ARV E R E

MigH>r A MA70>, TAKSPF4—)l, LH., FSH BN Inhibin EEEIT

B K ORER I OB TIERITN T VFNREL . 1| BEOBWE 3 #il &

DI G B K ONEIE R &0l LT o B3 ERD S e o 7,

- R A

PR, RS TIRE. KT OB, WA B L O THIBLIIONT
BNTYFNRKRELS —EDBENNTIFERD 5N ian o7z,
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4, EE

COAZIAPFINDORBRTIIF T 0 85 LD 13 RO ER 5512 60
BE 180 my/kg/day BETHEE T DR, K O ZE /B K ORT-HII O
DI R TIRIRARDRD SNz, KROMBTRD sNLIZT Y M
KA XTRD 5N EBEIRE NI 5 7. 3 5 MR I 1Y 1 X,
LT H AR )L > JURE B KOS AR 4 & BRI T 772 o 72708, RSB 1 XTI 60
mg/kg/day LA E DG THEHADMNRD 5NZH0OD, MiGHRIVE S EEBLN
PR E TR ENKRE S 1| BEOFIED DN o722 s, BRI 2L
ZIETHZ LI TERMN o =,

Ty b AZXBIOYINZT T 4 S5 L 180 mg/kg/day % 3 BRI S
LB OMMEr 27 4 5245 LBER 3 B TIFIERBRETH S &4
531 TW5 (Tsuchiya et al,, 2003), L7z285 T, R7 4 S5t4 LAOKRENIZ
N OREZMEEZR BB I VOEIOH S NZIFEB L ONZOREN S kT 2 &,
AXSHIL>STy FDIETHO, 1 INERBBEZENENL, Tv MIWHSHM
(ZD 2 FRIZIE KRB Z5IZR T 20IcR T4 S LD EHRERS
TLMENDH S Tz,

FIREIEDONIZH NSNS LTI Ty M-I TdH 508, Al
FEAERERABIETA R 51 > Tl MEMIEEREDTE 2 &5, Y
FBIA OB ENEHEREL T WS, £/, 7HF (Ypsilantis et al.,
2003) BEUA X (Takagi et al., 2001) 2 F Uy 7= K B 85 Pk A 5 & 2 248045
INTWD, MBRFEIEEZEROBWECIE L ZREELTIE, o hoRy
T SD 5y hBLXVT—INT T UT INLARY—IZ X 3 i TR ABEE
NDEDRG WA ME D E 78572 (McEuen et al., 1991), Cyclohexylamine @5
FPBXOYTZIZBT LTI, Ty O Mg SsEpEeENR< ™ 2L 0 5<
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AR T D2 S 2 5 72 (Roberts et al., 1989), 50K & LT
Y. b AR—F—, TIIFALDRE, TK ITE2ENNEZZ5NT
Wb,

RO T, WHEY A XE2[E LzE A, HRHED X Ok
LD A 537z 60 B L 180 mg/kg/day BE THELH A ZOW A H 5N,
g LS/ FATHRZNE T 2 HEEBWE/AIZE Mot L TR ML
2D, MEHEEE THT A2 —H—ELTRAEHTHLIEEZLNE, T,
[P DG TR 13 IR G521 A 5 N7 ks AL IC 31 2 25b1E 32 R0
FIESHERE TR TIIEBD S NZL R0, X7 4T85 L O BEE T w7
PIETHDZENHENERH T,
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5. /g

Ty bEA ITIIMNEHFERZSZR TR T4 SEY LOHRIZENED 5
. BREIC K > TRERZEDOENRS D lEMNEZ 5N, £2T, h=”
AHINERNTR T 4 T15 DRRHEEITHT 2RZIEZRRD EEHIT, B
Wtk D PR = —BLOEER ORI ZTr2o72. Thbb, %74 5+¢
5 I\ 30, 60 E£7z1d 180 mg/kg/day 21 =27 1 H)IZ 13 BRI IR E L., B
BRI O e U, ERE S X O EAR & 21T > 72, B
G TR 32 M OKRERBZBNTHRL., BBROREEfT-7-. L&
SR, KR A XE2ME T 5 & & HITHREFIITERILE 2 HIE B L O ek
Z KL 7z,

T ORGAR 13 B 5212 60 3 KN 180 mg/kg/day BE TH B T G DD, ks
M D2 B K OREFRI D I I E S R T IR A 205380 5 N7z, KRy 1

2 60 mg/kg/day PA EDOFEL-TRADMRD 5N HOD, MG HILE > #EE
BROKERAE TIIHMERLIIRO sNah oz, £ X740 58 T LD
R 32 WA THE L., n[WRE bt TH S ENHSMER ST,

LB, 27451245 L 60 BELU 180 mg/kg/day DH =2 1 HILAD 13 R
B THIREROWEAD, FMEOEHB LR TIRERARNRD S Nn, #
G T2 EMTHET 5 ENHENERS T2 R T 4 TV Y LD K EE
T DREZMEIA XSHIL>TY hOIETH D EEZ 5N,
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Table 3-1 Testicular weights in cynomolgus monkeys administered orally with
nefiracetam for 13 weeks

Group End of administration period End of recovery period
Dose Level Body weight Weight of testis Body weight Weight of testis
(mg/kg/day) (kg) (2) (g %) (kg) (2) (g %)
0 Mean 7.02 30.47 0.4296 7.47 41.17 0.5500
SD 0.75 8.16 0.0703 0.42 5.67 0.0494
30 Mean 6.58 25.53 0.3860 6.95 38.84 0.5649
SD 0.44 7.13 0.0964 1.00 8.50 0.1328
60 Mean 7.03 17.10 0.2508 7.08 30.76 0.4265
SD 1.36 1.22 0.0594 1.31 10:3% 0.0715
180 Mean 6.10 15.09 0.2485 6.57 37.05 0.5655
SD 0.30 1.92 0.0427 0.60 10.49 0.1574
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(A)

(B)

Fig. 3-2  Photomicrographs of the testes from male monkeys. A: Monkey from

control group, no histologic change; B: Monkey given 180 mg/kg/day for 13 weeks.
The number of germ cells in the seminiferous tubules from the treated animal is

markedly reduced and degenerated.
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B1E HESAT4vEMBOFZ M50 ERROKR

1. IU®IT

INETRXSYy FTERT 4 FEF LD 1500 mg/kg/day. 1 XTI 300
mg/kg/day DG THIEB IR F T A N ZAT0O 0 DK FAMERE N,
FTA T LDRERBUEANZILELTHEELTWAZ ENRENE, L
MU T FBETA XONTIUTBNWT S FIEMAKATED S QMR =)L T
s ThD LH ZIIWRERERIIA NN o2, £, A XIZBVWTIES AT
4 v EMRIZBITS70 227000565 A M AT O AOEHAME X,
TARATOCNEAT DI EAREI N (Shimomura et al., 2005), L7745
T RTAL TEILIZEDBTAMATO MK FIZR T 4 S5 ADEK FEB
FUOTFEFITHEEL T, ZO2RMWELELTTFAMATO VN HLTEOT
FR< EEBBEEALTTANZATO 2BDS B2 ENEZ 5N 5,
LU B2 N7z in vivo 3Tl R TIZSE 21T AR 0D 5638 % HERR U TR 3L R 7T
TOTARATOYOEFIZOWTHET 5 Z EIZWHETH S, F72. in vivo
Al R TR AL 2 B T DIEHEAKRDE G U 238 O R K D0, R
MDD, BEL HL2REMDOIEDEDNRBMY DN EW ST H &
ZHEL W, I T, ZOHITI invitro RBR TR T 4 T8 LB IOZEONH
MDA T 4 EMIIZBITDTARMATOVEGKRIZKTTEEERHTS
2D, MRNEN—I—)NEICED 1T 4 v EMlRZH L., X745
FLRZRTONEY 2 EVEHREPTHERL, BRETOTA N AT O
B2 L7z,
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2. EBMEIB X OERAG

- BB

BIEIRLIERT 4 TR LEMWZ, 27455 LADORHMY (Fig4)
Tha5-bEROF-2-EOUD ) 4k (M3), BIILACEAK (MI1), 3-E RO
F26-FUT Kk (MI8) BLU4-EROF2-EOU P/ 4k (M20)
VS — Bkt G THRRI N,

- B

> >~ (Crl.CD(SD)) ZHAF ¥ —)L AU /N— (BiE) "S5 AFLE, &
BRI 15 iR T, RTEIX 300~500 g DHEIPAN TH > 7=, B ER 21
~25C. i€ 35~75%, 12 R R B O B =12 B T oM — D1 Us = N iz,
iR O EE R (MB-1) BIOEAKITHBIZERTES X 21T LT

T T 4w BN 5

CO, HAZWASETHMERHRL. BEeHHtLE, 255 F—tEBLN
Bovine serum albumin (BSA) % Z#1Z#1 0.025%B LN 0.1% 5T Medium 199
(M199) @ 1 mL ZkWERIHDOMEN SEAL . MENOIMHKZ eV L7,
MEISABZREL, MR IS0 9mL O a5 F—tFBLUBSA S
A7 M199 H1IZ ANz, IR E T 34°C, 80~100 cycle/min T 20 4>f. i
lZEDHS B, K&k, Lo Bk 5HR 7 341 X 100 pum O F A O
Ay allTHMEZREL. A& 4°C. 300 g TI10 R DL, ThR
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P12 BSA0.1% &4 M199 2 3 mL MIZMRHE L. 30%. 40%3B L TN 50% & Fifg &
NN=T=)V D LITHNZH F L7z, 4C. 830 g T 20 SRz, /8—
=)L 40%JE & 50%J8 DR DML 2 $REL L 7=, #ill2iZ 5 mL @ BSA &4 M199
ZMA 7. 4C, 300 g T 10 /Rl L. BSA &4 M199 (2 il T 2 Z &
(ZXKON—=a0—=)LZFrAEL 7= (Browning et al., 1981),

R AL B XY TR

M 10°mL IZHHE L, 27 4 514 L, M3, MI1, MI18 BL TN M20 # 0,
I, 2B8X04mM Z2E8 M199 (0.1%BSA & 4) T34C, 5% CO* DA >Fa
N—F—NT 24K HE L, SBE. 392 TIVOUMRZETT - 7=, 24 KRS
#R, BEREZRINL, MEET-80CTIHRELZ. 2B, ImMiZx 745+

% I 1500 mg/kg/day 2 F v BTG5 U 2B DI IE MG s i I (Cmax)
ICHET 2,

LT AR AT O

Bedifef OF 2 kA7 0 BB 2 5 & I U LTI L.

- AR ik

78 B ORI 2 RGBT 5 % Tk L7z, BERIMBEEIIAE 2 1 >

T. X9, Bartlett test Z{7\), S0 HMOBSIIET— 5%, AEHHOEAIT
log 242 L 725" — % % Dunnett @ t-test THRE L7z, AEKUHEIL 5%E L=,
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3. R

274785 A5 Y M3 BEOM20 UHBETIHL, 2BL04 mM DT
NTOUMREIZBNTHIEREE i L TF A M AT 0V EEORANA SN
7Zo MI8 JLHERETIE 1 mM TIIAHIREE E ORI AH B2 EITIA SN 5 7208,
2 mM DL EDOIRETIIT A S AT O VBEORDNASNZ, W Hil
HIREOHMZ EBRNT A AT 0O EBENHADT B HNA SNz, 4 mM
WIDT A S AT 0 PRE, M3 TIEA D 65.3%TH 0, Mt &217 5 7=
BYHOP TRBEMEZER L, 274 785 L, MI8 BLU M20 TIE., %t
MRED 73.0%, 72.4%B XN 72.5% TH 0 IZIFFABEDOK FNH SN, ML T
ET A M A70REDK FIEERD 5 172n 57z (Table 4),

65



4, EER

Ty MERNSN—O—)VEICX DR L2515 4 v EfilllE BSA &4
M199 BEFTTH&EL, 74 T2 5 AFRIITONREY 4 FREZE ] 2 125
MU, 24 FFAR OB /KT T A N AT 0 BEZE L7,

T ORR, AEHY M1l TIET A M AT O 4G ROK FAEM RS SN iah
D72, RT 4 TEF A M3, MI8 BIL N M20 ULHEETULIEE EE O BNz &
BIRNT A AT O AGRIZIZEWT 2MBIERNA S NE, LERST, *
T4 Y LAPMERTOT A NAT O AERKRENRT 2 Z &R, in vitro 3T
RIZBWTHIER SN,

WRIZBIDTAMATOVEAZNHT HEEMEEL T, TH¥IASY
> ANVAEFA b (Nandietal., 1995), BEIESHK TH D AE /052 k> (Menard et
al, 1978) . PITWNAKETH 57 I/ ZILF I R (Lacoste et al., 1989) 7% E M
HMENTWDN, ZOKRKE L TIIMM#ENE. AGmRomsl, Rt niln
BREDBZSNTHOD HTIRABVWI ENHSNTWS,

TAMZATOZIAVATO=)VEFREE LTATOA RRLVE A G RER
# (Schema 4) DERIENIABEINTNWL, DED, ILATO-)H15
TV7x /0 EKT, oYz AR50y, FARAFOY, TA RSP FH—
WIREITEWESNTNE, ZOLHIZIE P450sce. P450c17, 3BHSD. 17BHSD
BEW Aromatase 70 E DBMMRE NG LTS, £/, AL ATO—)ILh5
TLTX /0 ETORKIITA T4 v EfMilROI ha> RUT TS LT %)
02 LA N ORBIEEIZHRINIATITOND ZENM SN T VWS, LR T,
T A NAT 0 2 DL BANHNE 7R 2 57 F 72 13 R AN R T & 1 5 nl e
Hnid 5,

K72, WZHEY) 2859 % in vivo FHI R TIXEMIAN THEYANRM S N2
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7202 R T IHRNEM OREMD, TRZWTNORBYTH S
MEMET DI LERTERN, LML, SREID invitro TOFEAETIZ®R T 4
TtEH L M-18 BEAUIM-20 THFEEIZ, M-3 TIEESICHMWT A N ZAF0O
DEGHMBER DB 578, M-11 TIEIMEE A ER 0 2 S S N 7=,
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5. /N

T4 TR LBIVED 4 FEONBY (M3, MIl, MI8 L M20)
DIAT 4y EMIZBT DT A NATOVERKRIZKIZTHEE in vitro 3
AT 272012, RN S/S—T—)WEIZE D 515 1 v b #2456
L. X7 4 525 LT R320RMY eSO ERKEh TEEL, BERToT
AMZATOCBEEEL -,

TOMEMIL TET A MAT O EGROE FEMIZRD SN - 208,
74 T4 L. M3, MI8 BLN M20 YLHL B TULERYEEE D BINNZ & H 72T
ARATOVREOWEINA SNz, LN T, 274 515 LADEEKEFE
BEOFEAKIZBIGE T, B BRICBI2T7AMAT0 44K E NHT
22 EM, invitro M RIZBNWT HRER I N /=
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0 CH, 0 CHOH
HO & - i =
N CHOONH ) N— CHCONH—(\ /)
W ? ‘?;. V4 L\./ /\\ V,
: ] m.l
M-5 AS p M-4
0 CH, N y o o
/7 b LY o 4/ \
K = \ / A p
/L Ar—gan \ 7 > oH i [\ N CHEOH— ) OH
5 - / N ) 3 _ < N
" o S A /;:\ - o
’ = cHoo— ) ;
~/ \ 4
M-20 Vot M-6
CH,
0 CH, A\ o o, o
A =\ Nefiracetam A —
2N \ ;
W CHCONH—G / ~ N CHEoN /¢;>
\ / \\\\ N
// Vi OH s CH, \\\\ o,
g - ~_ N\
() M-18
r/ _ -~ N
0 CH, | o] 1 CH, 0 CH, oSy 0 cH, o-sd
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Table 4 Testosterone levels (% against control) after 24 hours treatment of

nefiracetam and its metabolites (M3, M11, M18 and M20)

Treatment (mM)

Test article Control 1 2 -
Nefiracetam 100.0 89.1%* 81.9% 73.0*
M3 100.0 90.6%* 80.8* 6a.3%
Ml11 100.0 96.5 108.1 99.1
M18 100.0 94.5 89.5* 72.4%
M20 100.0 85.0%* 84.8%* T2.5*%

* Significantly different from the control based on the actual measurement values,

' P <0.05 (Dunnett’s ¢-test).

70



B2 Ty MERICBI S5 01 RAVE DB RBERORETREORH

1. IZU®IT

27 4 T4 LD 1500 mgkg/day DTy hADFEL B I 300 mg/kg/day D
A XINOREATGIZED, MIEBIOHRFTFZ SZAF 0 @A LER,
{HH LHIZIZHAS D REIZRBD s e o2, £/, invitro SR IZBNT
AXTATHILRERRTIA T4 v EMBROT A MAT OV EBREHET S
EBWEMER STz, 1 XTHRT 4 TEH L 300 mgke/day Z BilnE7-13 1 18
I ERE G L2 RBRTIE, 274 S AP 7Oz 25700 H
STARNATAANDOLEEEREEMNET D5 ENRINTNS, 7OV AT
BoMN5TANATOYANDOLEBBEKIE, X704 RFIVE LML
P450c17 12X D, 7Oz AT 02 M5 17-O0H-7 OV 2 A5 02 &R TT7 > R
OATAXTF VIELDREBLIUOY DA T O1 RE)VE OEHEEE 17 BHSD
KDY 2 ROATHRIPF OMETAMAT O ICEBINIKZKIZHTEN
%, TIT, X747 LIINTNORKENET 20N ERFTTHED. 5

WG ERARTH 227 4 T4 A 1500 mg/kg/day Z#& LTH A2 5. L,
B 1L 30 6 BRU 24 FFBRICH R ZH L. RNA O, Kl K s
Hzfrok. TLUT, AF70O4 RFLE LHEEE P450c17 BL 17 BHSD
® mRNA ZE s L 7z,
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2. EBM BB X OER A E

- B

BIEICRLERT L S LZRH W,

- B

HZ v & (CrllCD(SD)) ZHAF v+ — IV A UN— (BiE) H"H5AFLE, E
BIZEERRI 19 BT, AREIL 511~700 g DHPANTH > 7=, BT EIE 20
~26C. L 30~70%. 12 REERB OB =IZME Y TRIEIEr — D ITNAE SN
7zo MR D& JEEA KL (Certified Rodent Diet 5002, PMI Nutrition International Inc..
MO. USA) BIUKAKIZAMIZBIRTES XL SI1C LT,

35

2T 4 785 LB (05%71)VHF )V AF) )b o—ZKER) 12 150
mg/mL OWETHRE L., Ty MHEY > T &M T 1500 mgkg/day D & TS
v MZHEGRE N KBRS Uz, 723, #4550 1500 mg/keg/day 134% 5 n] He B 5
BTHO., Ty PAOHETMEBLIOHEF T A NATFO 2RSS
EMOERRE L7z, MBHIIXRIEDA G Uiz, 5% 1. 3, 6 LW 24
REREITRICE 3ILD Ty b & T—F )URKEE FCHRINBR L 72, Ak 24 L.
RNA i F THAARE RIS PR L 7=
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* TagMan PCR

KB > 7IV DM 5. TRIzol® Reagent (Invitrogen, Carlsbad, CA, USA)
ZHWT, ®RHRMT0 I —)LIC LA S TH RNA Z#itiL7z, 40 U @
RNase inhibitor (TOYOBO, Osaka, Japan) % & 8 #A i 50 uL O BRI w
77 —HT, 1 U®DNase I (Invitrogen, Carlsbad, CA, USA) 12X 10 7-13 pg ®
6 RNA ZUH L, 7z /=) )—27007 )V ATEICEZ R L =, KWT,
0.1 M dithiothreitol, 10 mM dNTPs, 200 U @ Superscript II (Invitrogen) ¥\
40 U RNase inhibitor 2% $0 igf& & 40 uL O RELRAT /Ny 7 7 —H T, DNase I
UL L 72 2 pg d# RNA % Oligo(dT)12-18primer (Invitrogen) 12 & 0 #¥iliz 5. L 7=,
U IVE A LR PCRIZH Wz 3 i 5T, P450c17 (CYP17AL; Rn00562601 ml) .,
17BHSD (Rn00588942 m1) 73 % TRIZB-actin (Rn00667869 ml) DT F 1 < —$
KT 0— 713 Applied Biosystems (Foster City, CA, USA) M 5SMEA L 7=, E5
RT-PCR {3 qPCR™ Mastermix Plus (Eurogentec, Philadelphia, PA, USA) % 2T
Jéfti L. mRNA %tid 7500 Real-Time PCR System (Applied Biosystems) 2 & 1) i
MIRAT 70 h a3 —)LIZ Lo TR L7, B-actin BWIETF & D H#GIZLD
P450c17 725 TNZ 17BHSD i =T O M )72 mRNA L )L % 3R TOEELZ
WTENZENEHL =,

el F i A ik

T Y I3 OFIE LR E (S.D) TRU. MBBEE R T 4 T4 LRt

E DR 2 A7 BKYE 5% THRE L7z, BERILEBITE T, FREZIT . A%45#
DY G Student D ¢ BRE . FH IO Y513 Aspin-Welch @ ¢ MEEFF 5 7.
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3. MR

CYP17Al G F DX 7R mRNA L~ )58 1, 3. 6 BIN 24 B
DNTNORFRIZBNTHRBREICHART R T ¢ T8 A8 G TE W R
A 537z, 17BHSD @ mRNA L ~N)LIF#E 5 6 BEfGR 2R\ 1, 3 BLTN24 I
I THBREICHANT R T ¢ T4 AR GRETRWEIAA SN (Fig 4).,
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4, EE

S ORTRA LI R 2 MR T 2 M T DB EE, SILE> 2
T D RHER TSR F IR, 52k U 72k A D% (Kawaguchi et al., 2004:
Shimomura et al., 1999) X OEERREE (Francavilla et al., 1981) 72 ELffD A
HZZXLBHSINT WD KGR ERE R T DN AT 2 EEM =S LT,
HIHLAHNE (Toppari et al., 1990) HREMING (Lee et al., 1989) 7 & /L FlifiiNia iz
ﬁéﬁ%\iﬁm@®%§%ﬁémﬁ(%mmmmmhm%)tw%UﬂWK
X9 5 15E (Foster et al.,, 1989) , TRILE AR ZEITRD T1F 4 v EHIIE (Kelce
etal, 1993) OEBERENHSNTWD, LML, FEDEX T 4 S5t4 LADRKE
HIEANZ X LRIV E S N T HHENZE T IRRHETH 2 EE 2 5N 5,

T4 TR LBHERSAT v EMIRIZBIZ 7O 2 AT O N 5T
ARATOIANOLEBRREHET D ENE 3 BOA XX T4 TS A
300 mg/kg/day Z Bi[al B LXK ER G L EPo 7o 250,
TAMATOYBEIRIA NI OV EHE LIEERTRENTNS, A=
DEBETIET v MZET7 4 14 A 1500 mg/kg/day Z RO A5 L, YO
TATOZNETAMATOCANDOEBRREIKITFET 5 2 MEO AT 01 Rk
IVE MRS PA50c17 B LN 17BHSD O mRNA FBI 2L 7=,
ZTO#E, 7Oz ZA702 M5 17-O0H-7OV 2 AT OVERTT > ROz
TAVE B DLREIKIAAET 2 AT 01 RaR)VE > LHEESE P450cl7 il ia T
DX )72 mRNA L XOVIEBBEIZ LR TR 7 4 514 A% 58T o Em)
MALNT, TOFRDTY > ROARATFXPF UMET A AT O ADRKRKIZ
{Ff£9 % 17BHSD @ mRNA L N)UIE R 7 4 514 LGB TIRWE A A 50
2o TDITEMNS, XT 4 T7CF MIATOA REHRESE 17BHSD Dt 5T D
HBEMHTHIET, 72 RORTHRIF ONETARNATOADLE %
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BIE L. MEFOT A MAT O BEEMD S 208NN EZ 5N,
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5. /NE

274 LRTOPZATOCNETAMATOCADLERKERD S 5,
AT 04 RRIVE LEHEEEFE P450cl7 I2XD, 7O 25025 17-0H-
TOPIATOVERTTY > ROAFRIF VICELREE 1T 17BHSD 12 &
07 >RORATRXIFMNETARMATOVICEBRENDIEENTNORKE
BETONERNT 5720, T MR T 4 14 L 1500 mg/kg/day % %118
[lfG U, %5 1, 3, 6 BRU 24 FERIRICKH L Z2HH L. RNA O, k%
BN G EITo /2. LT, A5 04 RRJVE AWEESE P450c17 BL O
17BHSD @ mRNA ZE & L 7=,

T DGR, PA50cl7 AR T DM A7 mRNA LN )UE R T 4 S84 AR GRET
= WE YA 5 31, 17BHSD @ mRNA L )V EWE RN A 57, LAt
T R 74 T8I LFATOA REHEESR 17BHSD O T O RBI & Mk T 5
CET, 7XROATRIPFONETAMATAOIAOLEMEHEL, K
DT AMATOVREZBDIESHENE X 5N,
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Fig. 4 P450c17 and 17BHSD mRNA levels after 1, 3, 6 and 24 h treatment of
‘ nefiracetam
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74 Ty L3 MRS E L TORBEEZHMICHRIZGRENEE
OU RRFBEARTH D, AFOFEMER & LT, FRHIE D BB 8 0
Ca®'F ¥ > )L (N/L ) ORRIEILIZ & 0 M ZEWE OB % BN S ¥ . GABA
BEURT Y AEBIEMRRICKUE L, MICBT 25 2N BEARERRT 2 2
EMHIENT WS,

274 T8y MIEEFRHBRICBWT, &FEETILEY O 0 % 2 b
S, BTy FORBENERES T2 ENHHINTNS, HEtBRT
X7 4 T8 LNTEBHENE. DARMER X OETRETRD S nkho 7z,
13 ERLL Lo g b5 m ki Tix. 5 v T 300 mgkg/day 235 L TH
ZACITRRD SN o 728, 14 XB XYL TIE 60 mg/kg/day BA I D5 THs
TR A SNz, L EDHIZIZE A EDFHEERBIZBWTIZIFHEIZ RS
MOIRND T2, M FERANOMGIER PRI N2 ENS, ZOEMIZD
WTORFM7Z2MRAE, AR OL 2 EEEZ2HDIZT 5 T, HADEET
HDHEEDLNS,

AWML, R T4 TS DK DHRBEEAN XL ORI ERAD EES
. Rizo®BYRE (Sv b, E=JIA X, HZZA4H)) 2HWTEOHER
ERET L. IAHARERETSZEEZHNE L,

#1 ETERT 4 T LOREERIZOVWTHES v M (Sle:SD) &JHNT
Ritl7ze 274 85 L% 4 HEORKERS U, #5058 8 & s
IZRER LT, RRAMEE KRR TR B IRV E S DL E2BE L =,
O L & U TG 1 AR G122 T v 7 19 ORI D823 5 1., A
7 — VII OF#E TR/NF T DA B X OZ T v 7 7 O MBS THl
DENETR S NTH RS FEBE OWA N H SN2, 215 OLGITREE 121
UL G 4BIZIIZREMIEE &7 S ORI L, igs
LR RA T A S AT 0 AFTHEE G L0, 20 HD S Bzt e
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DL N)VNZETHE L, £z, &5 1 BB THLT A MATO2 ORI
L TWie, ALDOEERENS, 2T 4 85 AT X BEERELEO VS ITE
BRPFZ 27020 IZEDZbDEEZ SN,

W2ETREART 4 T2 LAOKEHEE AN Z X LABIORRHLEE PHTE
LRZMEDENY — A —ERFAT D202, HE—TIA X T 4 51 L
D 180 B K TN 300 mg/kg/day Z Hifn], 1 BL N4 AR OGRS Lz, gD
KORHEAT AR AT O, KR 72 5 ONTHR B O HLER 7 HRR 75 2 SRR 12
i L7z

%%*?XFX?D)@*74?t9A3%n@@@w@%@%?%tﬁT
L2, TORETHEF IO 2 257003 BIEER s>, I
%#?th?myméﬁ‘1%&02@&5%tﬂ9htoﬁﬁu‘m%¢
IA NI TFA—IVIEHRGR 1205 4 THIN L 72, 3% 5 LH, FSH 3 & WX Inhibin
I3 BIREY ., 23R D ooz, WPEBROMDB L O THE
ROWIIIREG 4 WETHD TELEL TRA SN, HBHROMBRETIZ |
BRI G TRERITRD SN o 7zn, 5 4 8% T 180 mg/kg/day BET
VLI BE 7RSI D ZEHE AN, 300 mg/kg/day TS HEMIOEKE & x> HE
DR HIE ZE RN A 5 Nz,

INSDOHRNS, 274 T5 LFEHROERFR OG5 BITHE R T T 2
hATO2ZREADSE, 4 G5 Tk ALK B O e 2L & 5
SRITIENHSNER S, ZOTAMATFOCOWPEIRT 4 TEY L
MIA4T 4y EMIICBT2 7022270 NEFT A AT O AOEKE
HETOZILIZLD2BDTHDEEZ LN, KRFEIEZRILT 2002
DENWI—H—THD5IENWHEM RS T,

Ty FEAXTIEIMBEHEEZSERI TR T 4 T85 LDOHEIZENRD S
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N, PRI E > TEZEDOEWA D D RN EZ 5N, 22T, Fi3
TRAZIA TN EANTEHRT 4 T8 LK REIEICHT 22 ERHND &
EHIZ, MEBEOTHY - —BXOEIEEORN 21T >7, Thbb,
FT7 4 T87H 30, 60 7213 180 mg/kg/day &5 =27 A )T 13 B REER 142
G U G B I OB 2R U, FRENGE B K O AL R 7 217
o7z, BiidEGH TR 2 WM OKERIMEBWTHM L., KROREETT
o7z KBHIRMT, BT A XEWET 5 & EDHITHRBMICFIVEIIEB X
OV AR A 2 2 L 7=

T ORI, 13 AR G#1Z 60 3 KN 180 mg/kg/day #f TH W E O, ks
W DZEHE B K O TR DI I S K T IR AR 2GR0 SNz, B+
A1 60 mg/kg/day VA L DG TWANRD SN0 DD, MiEHFILE HEE
BRUKT IR A TIIMER LIRS N hoTz. £, 274 TS LD
R AL 32 MM THIE L, ¥Rt Th D2 ENHLENERS -,
b, 2742145560 BXLN180 mg/kg/day DFH =271 )LD 13 R
B THBREROMD, WS OZEHB IO TRERA RN SN, &
GRTB 2 EBTRET S ZENHLNER ST R T 4 T 5 LD RSN
R T DEZMEFAA ISP >TY MDIETH B EEZ 5N,

4 HWTRET, R74 725 LABXINED 4 EORHY (M3, M1,
MI8 BELUM20) DFA T 4w EMILIZBITETANATOAESKRIZKIFT
SBE invitro MBCR THRETT 5729012 KBNS S—a—)Likic k0 51 F ¢
vEfMilZ L. 27 4 TS LAERRBFORBY 2 ST ERIET TR EL .,
BT OTF A NAT O BEEZNE L,

TORB M TET A S AT O EGROE FERIZERD 5N - 7205,
2T 4 T8H L M3, MI18 BETN M20 YLEL#E TULF B EE DRIINIZ & H 72T
AMZATOVREOWDIIASNTZ, LEN>T, 274 515 ADEE R
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BIOFEFIZBEGET, B HRICBILF AN AFO LR ENH
22 LN, invitro FHERIZBNWT HHERI N/,

RNT, X744 L53702 225700056 T A M AT 0O NDOLEHLKE
DD, A7 04 RRIVE CABEEE P450c17 12X 0, 7O X502
5 17-0H- 7Oz AT 0VERTTY P ROAT RO VIIELIRK T 1T
17BHSD (2K > RORAT R F NS T A NAT O A I N DN
TNORBEHET 20 EMAT 220D, Sy MR T2 TEF L 1500
mg/kg/day ZH#ETHRIEEG- LU, 5 1, 3, 6 BION 24 BRI EZ R L
RNA Ofith, FRBI WG 2o/, LT, 2701 RRIVE LMK
3 P450c17 BE TN 17BHSD D mRNA ZE R L 72, T DfEHL, P450cl7 T D
FXHYZR mRNA L N)VIER 7 ¢ T2 4 A58 T WERIZA2N A 537, 17BHSD
® mRNA L N)UVIEWEHIAA SNz, LEEN>T, X7 4 587 AIZATO
A RAHEER 17BHSD OBETORBIENHTHZ LT, 7o ROATFRIF
SIMBTARATOIADOEMREHEL., BERADT A AT O 2 EBE %D
SELEENNE Z 5Nz,

b, 274585 LOMEHBEANZ X LDHRWBEIRERT 4 SEY LD
WMBRHMEIZHT DT v b A X, BILOREZIED Hig» 5,

(1) FRIZHERT 2 YT, FIVE D PR ZEICHERTICEEEROT A ~
ATOCEREMET DM BEHEEEYTH D Z L 2WD TV 72,

(2) WBDOATOA REHEEE 17BHSD OEEHEE WD AL LERHD
NDOTORFREEEY TH D Z & &GV L 1=,

(3) Fr7ITHE L 7R A D 3 R)VE  MBFIIE I K 23 RICK D, TnZE
TWHTH o7 2) DEDBRANZ XL ZFORBHENEEYM ORI ZTREE L
o

(4) 27 4 5 LRI EOERBEEZRLANS, 1 XBIOHILIZ KL
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Py TTy FTEHLUSBRUEDBEWF DR HEEEY TH 5 L2 LT,

(5) (1) 25 (4) OHEREFF 200 —BLUVEKEZOREIZ KZ < Bt
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Investigation of testicular toxicity mechanism of nefiracetam,

a neurotransmission enhancer

[ABSTRACT]

Nefiracetam  (N-(2,6-dimethylphenyl)-2-(2-oxo0-1-pyrrolidinyl)  acetamide, a

pyrrolidone derivative, is being developed to treat a neurotransmission enhancer.
In pharmacological studies, this agent has been shown to increase the release of
neurotransmitters by activating long-lasting N/L-type Ca2+ channels, to interact with
GABA-ergic and ACh-ergic neuronal systems, and to enhance protein synthesis in the
brain.

In toxicity studies, nefiracetam is not mutagenic either in vitro or in vivo, and is
not oncogenic in mice and rats or teratogenic in rats and rabbits. Results from general
oral dose toxicity studies show that nefiracetam induces testicular toxicity in male
dogs and monkeys given 60 mg/kg per day or more for 13 weeks. However, this
toxicity was not observed in rats following a 13-week treatment with 480 mg/kg per
day.

In the present study, to clarify the mechanism of testicular toxicity induced by
nefiracetam, its pathogenesis was analyzed in the in vivo systems using rats, dogs and

monkeys, and in vitro systems.

Chapter 1 Investigation of the earliest histopathological and hormonal changes

in SD rats
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Testicular toxicity of nefiracetam was investigated in male Slc:SD rats.
Nefiracetam was orally administered daily at 1500 mg/kg for 4 weeks, and the animals
were sacrificed sequentially during the course of administration to determine testicular
histopathological changes and sperm head counts (SHC), and hormonal changes.

Retention of step 19 spermatids, sporadic degeneration of pachytene spermatocytes
and step 7 spermatids in the stage VII seminiferous tubules, and a decrease in SHC
were seen as earliest changes after 1 week of administration. These changes gradually
advanced up to atrophy of seminiferous tubules with multinucleated-giant-cell
formation after 4-week administration. Serum and testicular testosterone levels were
decreased, but recovered to the control levels within a day following a single
administration, and the decreases were repeated after 1-week administration.

These results suggest that nefiracetam-induced earliest changes could be caused by

the decreased level of testicular testosterone.

Chapter 2 Investigation of the hormone biosynthesis and predictive markers

for testicular toxicity in beagle dogs

To investigate mechanisms of the testicular toxicity of nefiracetam and to find
sensitive parameters to predict the toxicity, male beagle dogs were orally administered
180 or 300 mg/kg per day of the drug once and for 1 and 4 weeks. Time-course
changes in serum and/or testicular hormone levels and semen parameters, and

testicular morphology were examined.
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The testicular testosterone level was decreased 4 h after single administration of
nefiracetam at 300 mg/kg per day, but the progesterone level showed no change at that
time. The serum testosterone level was decreased after single, 1-week or 2-week
treatment. In contrast, the serum estradiol level was increased from 1- to 4-week
treatment. No changes in serum LH, FSH and inhibin B levels were observed
throughout the experimental period. Decreased sperm motility and increased number
of malformed sperms were first observed in semen after 4-week treatment.
Histopathological examination of the testis revealed moderate and severe seminiferous
atrophy with multinucleated giant cell formation at 180 and 300 mg/kg per day,
respectively, after 4-week treatment, but not 1-week treatment.

These results show that nefiracetam decreases testicular testosterone level in dogs
following single oral administration of a high dose, and induces severe morphologic
changes after 4-week treatment. This reduction is shown to be a sensitive parameter to
detect the toxicity, and is suggested to be induced by the impaired conversion of

progesterone to testosterone in Leydig cells.

Chapter 3 Investigation of the reversibility and predictive markers for

testicular toxicity in cynomolgus monkeys

This study was conducted to elucidate the developmental process and its
reversibility for the testicular toxicity of nefiracetam and to estimate some of the
markers in male cynomolgus monkeys. Four groups of 3 male monkeys received oral
doses of 0 (control), 30, 60 or 180 mg/kg/day of nefiracetam for 13 weeks by gastric

intubation and had a 32-week recovery period. During the administration and recovery
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periods, testicular size measurement, hormone assay and spermatozoa/seminal fluid
examinations were performed. The left testis was removed by orchiectomy in all the
animals at the end of administration period. The right testis was collected at the
necropsy of the end of recovery period. The weight of the testes and the
histopathological changes were examined.

There were no test article treatment-related changes in the semen analysis and
hormone assays. The testicular size was decreased at 60 and 180 mg/kg/day. At the end
of administration period, the testicular weights of the left testes were decreased at the
60 mg/kg/day or more. Atrophy of seminiferous tubules associated with decreased
spermatogenesis was noted at 60 and 180 mg/kg/day. Full recovery from the testicular
damage was noted in the animals treated with 60 and 180 mg/kg/day during and at the
end of recovery period.

These results suggest that the testicular size could be a parameter for monitoring of

the testicular toxicity, and testicular toxicity of nefirasetam was reversible.

Chapter 4  Evaluation of the testosterone biosynthesis in the Leydig cell and

steroid hormone converting enzymes

The present study was performed to examine the effects of nefiracetam and its
metabolites on testosterone biosynthesis.
The Leydig cells were isolated from the testis using Percoll density gradient separation
methods, and cultured in the M199 medium containing BSA. Nefiracetam and 4
metabolites were added into the cultured medium. Testosterone concentrations of the

medium were assayed 24 h after the addition.
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Decreased testosterone concentrations were observed in nefiracetam and 3
metabolites (M3, M18 and M20), but not M11.
These findings show that nefiracetam and its metabolites have direct action to

inhibit the testosterone biosynthesis in the Leydig cells.

To estimate the inhibition site on the steroid hormone biosynthesis pathway,
nefiracetam was orally administered to rats at 1500 mg/kg, and the testes were
removed 1, 3, 6 and 24 h after a single administration. The mRNA levels of steroid
hormone converting enzymes, P450c17 and 17BHSD, in the testis were analyzed.
Increased relative P450c17 mRNA levels and decreased 17BHSD mRNA levels were
noted in the testis of nefiracetam treated rats.

These results show that nefirasetam decreases mRNA levels of 17BHSD and then
the inhibition of testosterone biosynthesis is occurred on the pathway between

progesterone and testosterone in the Leydig cell.

In conclusion, the achievements of the present study can be summarized as
follows;

(1) Nefiracetam has actions on central nervous system, and shows testicular
toxicity. It has effects on the testosterone biosynthesis in the testis, but not on the
hypothalamo-pituitary-gonadal system control.

(2) Decreased testosterone levels caused by the direct inhibition of the 17BHSD,
steroid hormone converting enzyme, are considered to be a mechanism of testicular
toxicity of nefiracetam.

(3) A new evaluation system established in the present study is thought to be useful

to detect the testicular toxicant that has a mechanism described in (2).
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(4) The present study shows that there are some species differences in the
susceptibility to the nefiracetam testicular toxicity, dogs>monkeys>rats, however,
quality of the toxicity changes were considered to be identical.

(5) These results can be expected to contribute greatly to the advancement of

toxicology science and veterinary science.
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