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FF i

FWELTEBEIC BT 2 R b IERARESMED 1 5THY . ZOIEHEEK
KR E LT W (Fig. 1), ELUHSNDFEY & L CTid, REEAISC KR, FED
3,4-methylenedioxymethamphetamine (MDMA) 0= 1 A > & W\ o 7= B3R 7217
T, FFEMIRCRIN R, SR IRE O AT rIREZR L ZE R IR F TS AR
THDHN, TOHFRTH, REAIA X 722 I AIREEIND 7 =22 T LT 2
CIFEARTEE B L CERHEYORE 2EEZ HOTVWD,

T2 X FNT R INEREEET S O—FTHY . FOFEKRE R
HEECHY ., B OENTELESLD, REWRT =X TF LT I UFFEERL
LCE/T I VRMBMEEDE (KX, JAT KLYy, T REFUY)
RBFEFET I /B (T2 AT 7=, Fuvy) ERmonTtng 19, 72,
%2 < OFBERDABRILTFINCAR S, T DITBRRIEIEEZ R 2 &2
WESNTWD D, ZiLl, 7 = 3 F A7 I UFEERITH D SRR SRR,
TERAL, LA, ke 2B THOWSITEY (Fig. 2). b OZEBEE B
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FREEICE /) 7 I UARRISEMBEORE TH L L ZEZ BTN D Y, FEERIC

= RFVT I FFERIT, E OMEEREINEIC X ARHER D b ORI EME
(R, VAT KLUy, ta b=y) ORHRESCHER Y AARE, €
J TR VB EEEREEREZ AT 2580820 50, Iz T, (LB ES HT
BB XA EMD RN S Th D Z b, FHEITEYE OBl
B ELTHBICRDZENEL, SRLFRT =X TLT I UFEROE
SN TIEEN S, LTI, RREAIOBEULEW N> 7 = X F LT I v
HERTHLIAERIT /B, A F—Fy NEEZI L TEIE - Iloe S itht




b RERMEL > T2 8, =, 7 =X F /7 I UFERITRadmsE
AERTHOLZHAFMETHI D, SETITEHEIE L L Tlx g dkn
ARSI TS (Fig. 3), FEEEIZ, b3 < OEA TERRBZ =T iE - k5
ENT=bOD, TOEL WA FREWEROFAEIC L ARBIES & % hisn
SBHGELTWD Y, LnLARG, REWCVT R I I 02D E L TERLARK
R IIIE A TEDREBICHD Z LITNA, TOEHEEEREL THRWn
Al DEEEE) X A4y MU 20 b ORI SN ERNSHERE
ENTWDZ End 012 26 OREY) K OB 2 ERT2bbELAIC L
DR EFEOREFEROEMFILORENBRSINTND

V7RI IUE, ektEue h=r s AT KLU R AKREERE L
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P OTUHE LR OEG K T HITH S RFFRREOMHI TH L Z LIVREh
T MO, L LR s, HiIR%GICDIAE RIS 2 FERES (EilE, Sk, R
RS NEERE SN2, DIERBORBIEOS 5 BELZ IR E L5
HER OGRS (Sibutramine Cardiovascular and Diabetes Outcome Study, SCOUT)
AREBRNE L ST 10, ZORE, V7 b T I T IEESEME O LI SN R
AEWFZHEMSE L Z EBNRBINTZZ &b, BIfE, BKTIEY 7 M7 I
ORGE - RS FIES N TWD, £, 7 b7 I ORBEBEMIL, BUECME
B, IZEFOREMZ&HE THERT 2720 TR mMEDRERDIETH
EEOHBEZRT ZEbMESNTND B, =5 T, EMEHFOZNT Z UL
FOETIEREZICEDRIECHN LR TEY 920 JR7 ERXXT 4y RO
TUADEZFTNEEIZL > TRRDONBRTH D, El-fikom@my, 7
R IUIREICA 24—y MEZNH L THBLTEY, TNHOHIC
RFHZED BN TWIERRIRAEZ KIBICBZ 2D UHFET L Lhb 2,
7 F T X Ok 2 i R R B HRC K D i LE S O BR AR IR R O 5 56 0N
BIND, LLBRBL, ZN6DY T M7 I U X o TEE SN HIERRE
HORIEF K OV ILE RIS 2 B OFEMIZ OV TIAHR R Z 0,
J1F 7 %, 17— K (Cathaedulis) DEENSR LI N ABENEEZ AT L7 =
AFNT IVFERTH L, £ ORMIBTEENS I — NIRRT 7V L7 7 8
7B ALHE TR AW O N TR Y | ABEZHE ST 52 L TUF / 3l
S, ZOHARMREIERIC L 2 RBRSZEEA G LN D P, FEEEH
B & LTid, MEDNBEP L TOWOREIERT 7 = 4 I ERRICE T I
MRRASIZEYE O FFILY IAAREFE R O 2 7 I U bR LEER 2 Mo Tn
% BB Linl, AF T PALUCHNR =N EEZAT D20, 7o 72X
v b Hel U Bk M R O M BE P (blood-brain barrier, BBB) g i A&
EEZBNTND ) INx T, DIVR=JVIEOBRTIZE DI F o ~DNHS
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QYL Jx—vary K7y 7e LT CRIT L 2, &R F 7~ &1 Fig.
MY L DI, BICEERMKAZBHOMESCN B UBROERM, 7 I/ EOT
LE L (FAFMET 2 v ~OEHR) SHiSN=HF 7 %4 L, [ i
(X, BB S LD FH AR A T/ 13 HEE T 200 FEFELL BICEET S &
WEINTWD %, ZOHTHLEIZ, a-pyrrolidinovalerophenone (a-PVP) K TN
3,4-methylenedioxypyrovalerone (MDPV) ([ZfiFInsrvul) v/ 7= /) VikE
& (pyrrolidinophenones, PPs) (3 b ififT L7IcB I F /v O—FTHY . 7 3
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HHTHEBEZ LTS8, ST/ AKX DRIER & LTI, SRR
B, 52, T A TEORMEOFEEERIT TR IRHCHEIR, & i
FE. BRSO RUARAE S DR DR EEM b 2 HmE ST 508 39 2ol
TER OFRIEREFF DFEMIZ DWW TIIRIEMIA SN TR, G T/ DS
TERBEP I AR T/ L FERETH DD, BEHIEDOEWNIC L > TEIZEH
T5HE T I UARIBEWE OEN R L7290 FAERIZ OV TS E R
BICBRRDEINTND 230 LR, ARl T/ vomEicsd 2@
HILEEHIC X D2 BIZ OV TRIE L A EHE S L TR,

Z ZCARMIZE TR, BLHEDMEE S d R 7 = X F T I U EIRO BN
e R ORIERAREMTOMHEZ B E LT, 8 1 BT, Y7 F 7 I 0pim
BRI LU THEERBERNZHER T2 LICER L, b ML N EGHIRRIZ R
HARESEER ZHAE L, £70. 2OmME A Iox U CIEMEREFETFE (reactive

~

oxygen species, ROS) <CiE %2 % (reactive nitrogen species, RNS) 72345925 2>
BNERE LIz, B 2 BT, milEFOHEERGRE~DEGRMbND E b
MAE M ~DRE LT~ D Z L2 BNIC, ¥ 7 7 I I K5 EFiF
7 A0 P e P B OSRIRLISUAETE PE  BF A L 7=, 25 3 BT, PPs OfifuzEME% 10 f
OMIfEFEZ N TRRE L. £ O F TRESZMED > Tofiiafilz s 5 PPs O
feldE & BRI OREETE AR BRI 21T o 72, B 4 BETIEL o-PVP OESHRAL
KB IR L= icH PPs T& % o-pyrrolidinononanophenone (a-PNP) o4
R e R & R L U LB B ARERE (e T T Y — A KON —
h7 7 U—HEAE) ITE R LTI A Rt e T o 7o,
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FramCThib_7=@ ., 7 F7 9%, PR E LTS cnwi=k e
f=r e AT FLFT U RV IAARERTHY | £OFEIEH T L
—{HE OTTHE R O OHEIN, = L CEAUCHE D RFEBIEDOHD TH 5 1519,
Fo, VTR I UARIMEE TR S %, IS CRERE @ TH D
N-TAAF LY T R T IV RON-UFTAAF LT hT 22 (Fig. 5) (AU
hNo, 6T, ZABIEFKBIERERILE ST RIEER#Y~ L B ST
%, EIRPA~PRtES D 370, —F5 0 o7 b T I U Ok BRI, &
JECHERREIWER (B, (88, [aE%) 2R T2 MM TEY | ITF,
ZAUORIERHOFR THREIMENZKRRIEREZHED WD, OB E LT, O
MERBAEFOBEFEEZRZRIZ LI 5 ERIOBIGREIC L > T, ¥ 7 M7 IV
HBFEIED DFHEZEC AT ) 27 2 A EICHINS D 2 LR SN D
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Fig. 5. Structure of sibutramine and its N-desmethyl metabolites.



X VRDICHFET D22 LD /T RL T ) COERBPRERERTHD &
ZEZHITWD 349 F7= MEOHIEEN BT 2 AR IR AR IS & L
Tl —ME{bZEF# (nitric oxide, NO) R°ROS, YmAZH A7 U T Rk
VEDOWL DMORMER T RIS TN D B8 L Lans, Zh OliER
F D oW AT LTS Bk O I I\ THULRY 22 B 2 48 5 il 48 N EGHERR
EAFRPEREBICKITT V7 7 I VORI OWVTIIREH LN ST
[

ZITARETIEH, Y7 I IV ->Te MILEWNE (human aortic
endothelial, HAE) #lfd D7 R h— v ANRER I NI 0ENERE L, £,
ROS K UNRNS DEEAIZEHR LTY T b7 I UKD 7 AR F— v AHEHF O
AZOWTEREK LTz, 61T, 7 b7 I OfGH & ffu o B EE 4 7B
THE0I, MENEMIO YT~ T 2 ACHHEE & R L 2 IR EE 2 R
L7,
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B2H EBRMHRURBRTEA

1. ZBRM B
AREBRIZMHH L7237 7 2 1% Alexis Biochemicals #f (San Diego, CA, USA),

N-TAAFNLT R T IVKR N-TUTAAF /L7 T 0% Tronto Research
Chemicals f1: (Toronto, Canada) L VA L7z, 7=, wmRICHWW =7 =7
IV AT ELRL T2 (Tokyo, Japan), 7 = > 7 /L7 X i Sigma-Aldrich £ (St.
Louis, MO, USA), N-=r1a V7 = > 7 /L7 I A3FeMi3E T2 (Tokyo, Japan) @
t D % Tz, BRI L 72 HAE Hif2iX Clonetics 1 (Walkersville, MD, USA),
b MR Bk HepG2 e, & RARYLE H12k HEK293 ffifc, & IFHi2k Chang Liver
M, v FAMEY LoRIEERM: A LB Moltd #AEiE American Type Culture Collection
f1: (Manassas, VA, USA), bt M EiRuiE SK-N-SH #ifdi% RIKEN Cell Bank ft:
(Tsukuba, Japan) LV EEA L7z, HAE Mg & L THV 7 Endothelial Cell
Basal Medium-2 (EBM-2) = v K% PromoCell t: (Heidelberg, Germany) X DA L
72, HepG2 #fifiel, HEK293 #lifiel, Molt4 FHf o B5 1 & L T Hv 72 Dulbecco’s-modified
Eagle’s minimum essential medium (DMEM). SK-N-SH #ifaiZf#FH L 7= minimum
essential medium (MEM) o IZFIEHER T ¥ 50 A L=, £72. penicillin-G
potassium [ Meiji Seika 7 7 /L~ (Tokyo, Japan). streptomycin sulfate |X7-7% 7 A 7
A7 (Kyoto, Japan), ZAJEM@{L ™ S BEIR Mm% (fetal bovine serum, FBS) i HyClone
f1: (Logan, UT, USA) b D&M L=, 27 —5 > a— MIHW= Cellmatrix
Type I-P IZ#H H ¥ Z F o (Osaka, Japan) X VW HEA L7z, #MERBRICH W
2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium  sodium  salt
(WST-1) 1 ZFn)eidis T2, N-acetyl-L-cysteine (NAC), Z-Leu-Leu-Leu-CHO (MG132),
diethylenetriamine NONOate (DETA). Carboxy-PTIO i Sigma-Aldrich =Xk VA L

72o RNA O V7= TRIzol BR3E 13 = A - X1 4 (Tokyo, Japan)., ReverTra Ace
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gPCR RT Master Mix kit IX 8755 (Osaka, Japan), VT A X 71 NMENTIZHW
7= ECL enhanced chemiluminescence detection kit (£ GE ~ /v X 7 7 ft
(Buckinghamshire, UK). bicinchoninic acid protein assay kit |3 Pierce ft: (Rockford, IL,
USA), # U RV B FE~—HN—ILFT 747 A2 polyvinylidene difluoride
(PVDF) &% Millipore #= (Billerica, MA, USA) Ot D% =, F7=. — kLA
& LT B-actin {% Cell Signaling Technology ff (Beverly, MA, USA), Bax M}
CCAAT/enhancer-biniding protein-homologous protein (CHOP) (& Santa Cruz
Biotechnology f1: (Santa Cruz, CA, USA), Bcl-2 |3 BD Biosciences £ (San Jose, CA,
USA). endothelial NO synthase (eNOS), pS1177 eNOS, pT495eNOS £ T inducible
NOS (iNOS) (% Transduction Laboratories #1: (Lexington, KY, USA) ™ % @ % fifi
L7z, Polymerase chain reaction (PCR) (ZHV 7= SYBR Green I 743K & Tag DNA 7~
U A7 —8|LH 1734 4 (Shiga, Japan), 100 bp DNA ladder marker |37 —7
(Aichi, Japan) Db DZEM LTz, BRIKEIH T o —2A 7 VXT T4 T A7 &
DREA L7z, BRI R O B KL (Tokyo, Japan) @ Dulbecco’s
phosphate buffered saline (DPBS) # M\ 7=, IEMEHIEHOEE & LA L=
N-acetyl-Asp-Glu-Val-Asp-7-amido-4-methylcoumarin  (AMC) K& % N-succinyl-
Leu-Leu-Val-Tyr-AMC % Sigma-Aldrich fE X W A L 7=, w7 v —7
2’ 7-dichlorodihydrofluorescein diacetate (DCFH-DA) |3 Molecular Probes £t (Eugene,
OR, USA). diaminofluorescein-2 diacetate (DAF2-DA) (L% —{b=3K 5 (Tokyo,
Japan), 5, 5', 6, 6'-tetrachloro-1, 1', 3, 3'-tetraethylbenzimidazolylcarbocyanine iodide
(JC-1) I Invitrogen £ (Carlsbad, CA, USA) X VA L7z, TUNEL %ol v iz
ApoAlert DNA fragmentation assay kit {3 Clontech ft: (Mountain, CA, USA) 7»5 A
L7z, Cytochrome P450 (CYP) 3A4 @ / v 7 & 7 ./ Z V7= duplex small-interfering
RNA (siRNA) (% Sigma-Aldrich ft:, Opti-MEM }% T} Lipofectamine 2000 | X% 41241

GIBCO Laboratories ft: (Grand Island, NY, USA) } TF Life Technologies ft: (Carlsbad,
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CA, USA) Ob D ZMH L7z, CYP3A4 FHEME LTHEM LY haty—u
(ketoconazole, KTZ) & Sigma-Aldrich f1:, Kt % 2t/ (docetaxel, DTX) ILH AL
B3, ~XZ 330 (verapamil, VPM) (3FYEMBE T X VEEA L7z, Zofhidfn
Yt T35 % OF Sigma-Aldrich #: D RpfRERE 2 v T2, KT e TORBRUK 2 L7,

2. MfaEEE

2-1. MfakssE

HepG2 ffifid, HEK293 #fifid & O Molt4 fifidi% 37°C, 5% COz 51 F D g A
AL Fa_X—F—NTEHEL, 2 BEICEZ 58 LT 4~6 HEICHECHERF L
7o, HEREEZHE L LT 10% FBS. 100 unit (U)/mL penicillin-G potassium A TF 100
ug/mL streptomycin sulfate % & 72 DMEM (pH 7.4) % A=, 825/ o FIEkEI 21X
0.25% KU 7 2 KX 0.02% ethylenediamine tetraacetic acid disodium salt (EDTA)
%5 1e DPBS (pH 7.4) % MV 7=, HAE il & OF SK-N-SH #HfiE o B2 1% 0.05%
KU 72 K TN0.02% EDTA % 520 DPBS (pH 7.4) #HW, R U 7' AL 4 {2
BT 27 DICFEOREA RN LT, 723, HAE fifd<> SK-N-SH % Type-I
AT = ra— b7 4y v IR L THRMUMER L7z, £72. HAE Mg 28R
AN VA8 N BRI BARR A OB O T RE 2 BAFSEE T CHERd L. 8 kU H £ THEBR
WA L7,

2-2. FEEHIMR DR

HepG2 #MiaIZ351) %5 CYP3A4 DOFREEIMAMMALIL, 50% 2> 7L MIEL
7= HIBLZ 6 LT siRNA % Lipofectamine 2000 % FHVNTE A L, 48 Biffiza%4 5
LT Ko TRINL L7o, RHHEMEAEIT scramble siRNA % [FIERIZHERRNIZE AT 5
LTk o TR L7z, MBBInF DR BMHN 318 > Real-time PCR {412
el L7z,
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3. MRAEGFROHIE ©
HEFEES R L7 A 96 ¥ = L~ L F 7 L— R HIZ 2 x 10% cells/200 pL
FTOBML, CO M > FaX—X—NTHE L, 80%a 7Ty MIELE
. B2 PUAEME LARMTE (HAE #ifd TiX 0.5% FBS &) D44 & oLtk
HIZ A2 #A LT 2 IFIATES 28 5%, B ICRUB 23N L C S BIT 24 RefilisaE L7z,
7ok, XPHREE L LT A (blank) & dimethylsulfoxide (DMSO) % #0075
Jiil (100% control) ZFHHL L 7=, &iZ., 5 mM WST-1 & 0.2 mM 1-methyl-5-
methylphenazinium methylsulfate % & ¢ 20 mM HEPES-NaOH (pH 7.4) &% % ¥
LT 37C, 3 WEfijis& L=k, v~ 27 a7 L — U —%—Model680 (Bio-Rad
Laboratories £, Hercules, CA, USA) % F\CHIEI & 415 nm K& USRI & 655
nm OWSEEE 2 RJE LT, MRAFSR (%) XL TORICLVER L,
MR (%) = (S-A) / (B-A) x 100
S: B L O Z BN LT T = v OW LR
A IO B EZRIM LT D = VO (blank)

B: DMSO OAZIRM LT= 7 = /L O (100% control)

4. DNA OWrF bR X k2 R 7EEALORIE

DNA Ot At Of i TiE, Mifasd bV 773 LRI CHRIBEL . B L 7= Mk
% DPBS Tt L7z, 70% =X/ —/VICHIERE L, -30°C. 24 W& EAH L7
#% . ApoAlert DNA fragmentation kit Z H\»T TUNEL (terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling) 42 %4772, X b2 KU TEEN
OREIZBNTIEL, Miad MY 7" AL CHIEEL . B L 72 H#ifidz DPBS
THE L7z, 2 uM OFKIRE D JC-1 ZIM L T 37°C, 30 pfflA v F=X— K L
2o D%, 4% paraformaldehyde % 7 ¢» DPBS “C 30 4y [j[EELLHE L=, Ytk

OVEE L7 a4 DPBS T 2 [BI¥E L 7=t . TUNEL % 7=1% JC-1 B e fE 2 fi
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957212 FACSVerse 7 12— 1 [ A— % — (BD Biosciences ft) (Zfit L 7=,

5. YT RZ T ay MET

5-1. EEtOFHR

#iflZ DPBS T 3 EIfiftis., BN R 7 LA =% AW THilaz KBt L 7=, [E
I U7/l 4 0.1% Triton X-100 Z & ¢ DPBS IR L T, /KM FIZIBWTHE
Jla SR R A RS I ALEE (250 W, 60 P x 3 [8]) 24TV, 30 rfmEI L, M
%, ARRARATE 2 OB (12,000 x g, 15 0f]) L. 0 L& & BRE L CHIfR
TR E LT,

5-2. YT RZ Ty MEN

Laemmli ®J51k 40 12hEv, RU 727 VL7 2 R4 0% Fi= sodium dodecyl
sulfate-polyaclylamide gel electrophoresis (SDS-PAGE) (T & 0 #lliuh ik & 70 B L
7=t . PVDF JRICHRE L7z, 0.1% 7 1MiE7 /L7 2 > (bovine serum albumin,
BSA) & TY5% skim milk % & ¢ 50 mM Tris-HCI (pH 7.5) /0.15 M NaCl (TBS) ' C
A FaXx—F L7k, K a2 1 pg/ml O —RUAKL O RPLEE & T 0.05%
Tween 20 &4 TBS (TBST) ENAKEIL ST, FLRRIGHES 37 EiX ECL

enhanced chemiluminescence detection kit % AV N7~ FFEIEIC TR LT,

5-3. Ky 7 vy NMEHT

=haFuvrEGX LRI EIIY 77T 748 Dot blotter &V R
v 7|y MEICTHRE L, 15-1. 3Bt o7 % TFRi L7230k 100 ug % PVDF
JEICHE E LT 0.5% BSA 253 TBS HC7 1 v o ZHLH L=, iK% 1 pg/mL
Y= hrFu R 7 n—F bk (ICN Biomedical £, Cleveland, OH,

USA) KO WPk %z & Te TBST CIERKIG S W7z, PURSISHES X7 B i
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ECL enhanced chemiluminescence detection kit Z AV 7= {L2EFEEEIC TR L=,

6. Reverse transcriptase (RT)-PCR #&#7 47

6-1. h—# )L RNA O

~— 21 RNA 1% TRIzol #3K % WV THLEE L 72, ReverTra Ace gPCR RT Master
Mix kit Z W\ T, 37°C, 1WA > F=a2X—FF5HZ L2LY, F—%/LRNA
16— AREH cDNA Z R L7,

6-2. }E& PCR

INEEA NV ABER T e T T Y — AT 2=y OB REITETEE
PCRIEIZCTHIE L7, [6-1. h—4 /L RNA OflitH) THiHl L7- cDNA & #5581 L
L. TagDNA R U 2T —F LR 7 T A ~— (Table 1) % H\ T DNA Engine
Dyad Cycler (Bio-Rad Laboratories #) (ZC PCR #47-7-, HlE L 7= PCR Mm%
1% 7 Hue—AF)VCERKE%R, =FYrvAT7avA, FQE L, UV KN TIC
T L7, WIEEEDE L LT, BRENT 74 ~— RIEM) 2w Te b

B-actin ™ cDNA % g L 7=,

6-3. &K Real-time PCR

FHEMIZ 31T 5 CYP2B6 & UF CYP3A4 DFEBLIE Real-time PCR EIZ THIE
L7z, 16-1. h—2% /L RNA Offith] T L 72 cDNA Z 5%l & L. SYBR Green
R & Re i) 7" A ~— (Table 1) % H\ T Thermal cycler Dice Real Time PCR
System (% 71 7 /34 ) IZTPCR 1T > 72, 4% D PCR EY @ threshold cycle (Ct)
ik, EioEEo Yy 7 b =7 2HOWCTEHE L, & b B-actin DREERAT
A ~— (RIER) ZHWTRERIC CHEZFH L, TOEa NEEE S L7,
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Table 1. Primer sequences, conditions and product sizes for PCR analysis.

Genes Forward primer Annealing PCR product
Reverse primer Temperature (C) (bp)
] 5’-CCACGAAACTACCTTCAAC-3’
B-Actin 52 160

5’-GATCTTCATTGTGCTGGG-3’

5-AGGTGCAGGTGAGCTACAAGG-3’
HSP70 60 145
5’-GGTCAGCACCATGGACGAG-3’

5’-CAGATGAAAATGGGGGTACCT-3’
CHOP 60 86
5-AGAAGCAGGGTCAAGAGTGGT-3’

5’-CTCGGATTGAGGATGGTAAC-3’
PA28a 60 185
5’-CACCAGCTGCCGATAATCAC-3’

5’-ACTCCCTCAATGTGGCTGAC-3’

PA28B 60 162
5’-GCAGGGACAGGACTTTCTCA-3’

5’-TTCAGGAGGAGGCTCAGTGT-3’
CYP2B6 63 172
5’-CCAAAGACGATGGATCAGAT-3’

5’-AAGTCGCCTCGAAGATACACA-3’
CYP3A4 58 174
5’-AAGGAGAGAACACTGCTCGTG-3’

5’-TGGCTCGGCAATGTCGAATC-3’
beta5 60 131
5’-ACAGATCATGGTGCCCAT-3’

5’-GAACACTTATGCCTACGGGGTC-3’
beta5i 60 173
5>-TTTCTACTTTCACCCAACCATC-3’

7. MR ROS KU NO EDHIE

HIAEPN ROS F Y NO &(X %124 DCFH-DA J U DAF2-DA % VTR L
7= %8, ROS &OWEIZI W TIE, Mz b Y 7 AL CRIBE% . B L 72
A% DPBS THEE L. 20 uM D& E D DCFH-DA % i1 L T 37°C. 20 43
A Fa_X— |k L7z, 4% paraformaldehyde % ¢ DPBS C 30 4[] [E @ ALEE L |
DPBS T 2 [a|¥ei4 L 7% . FACSVerse 7 n—%1 k A —% — (BD Biosciences £t)
\ZC DCF [l z it L7z, E7z. MO NO &2 HIET 27201, HMilld
% DPBS TyEE#%. 20 uM DFLEE D DAF2-DA Z s L C 37°C., 20 4yfEA >

¥ 2_— h L7z, 4% paraformaldehyde % & ¢ DPBS C 3 HF[E][E EALEE L, %—
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T A (Osaka, Japan) A — LA U o EHEABREE (I E 495 nm. T
& 515 nm) T2V T DAR2 [GtEflfa 2 et L7z, F70. ffad o NO &i3Hl
NathHig D & X7 B H7- 0 O DAF2 HSRDHOGIRE & L THE I L=,

8. BERTEMEDRIE

8-1. B R —F 3 {HMERIE ©

Mifd 4 DPBS T 3 [lVEif#&, AR LA =2 W Tllldz JEE L7z, 5]
I L 7=l 2 5 mM 3-[(3-cholamidopropyl) dimethylammonio] propanesulfonic acid
(CHAPS) K Tr 5 mM dithiothreitol (DTT) % 7 ¢» 50 mM HEPES-NaOH (pH 7.4) #%
ERIZHERE L, 26 77— O%t% 30 Bl 2 &1 K 0 Ml A g L=, Ml
eI 2 VLB (12,000 x g, 15 45F) L. 200 b3 2408 L C il stk &
L7z, L&D 0.2% CHAPS, 10 mM DTT, 4 mM EDTA %% 40 mM
HEPES-NaOH (pH 7.4) #ER A 1EA L. W A/X—E 3 OFRE L LT 20 uM D f&
JEFE D N-acetyl-Asp-Glu-Val-Asp-AMC Z¥s/1 L C 37°C, 3 REfEl A > F = X— h L
7o WEHEL 72 AMC IZHKT 28t EE (b & 380 nm, HIEHE 460 nm)
i E~ LF 7 L — b U —&— (Promega f, Fitchburg, WI, USA) 12 CHIE L

77’»’
—o

8-2. 7uT 7 Y —AIEEHIE

26S TuT T Y — AEMEILFE N SRR A R L L CBER O S5k 49
(ZHE> THT o 72, #ifldZz DPBS T 3 [mITtific. BAR 7 LA 2N—%& FIVTHIEE
L7z, B L7=#lfdZ 2mM DTT, 5mM MgClz, 2 mM ATP K OF 250 mM sucrose
% ¢e 50 mM Tris-HCI (pH 7.4) FEHEE R IR L, 26 77— P $#HT 30 [l 2 &
(2 K0 R A R U 7o, ARBRAB IR A 35 O o Bl (12,000 x g, 15 79f#]) L. %
O _EyFZ R L CHIE RS L7, UBHZ 50 pM D #& 32 EE D N-succinyl-
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Leu-Leu-Val-Tyr-AMC Z 1 L C 37°C. 30 Z3ff A > % = ~— | L., 5 L 7= AMC
Hkoa R (iR 380 nm, HIEHK K 460 nm) ZHAET L2 LITXLD

26S T TV —AIEMERE LT,

9. ks v~ s75 7 4 —EEDHT (LC/IMS/MS)

7 T 2 REIE LCIMSIMS 1EIC CRIE Lz, BiHigs & LT LXQ ion trap
mass spectrometer (Thermo Fisher SCIENTIFIC £t, Waltham, MA, USA) % %575 L7z
Prominence HPLC system (5 8/ERT, Kyoto, Japan) % 7=, 7238, 77 A2
Hypersil GOLD™ Cyg column (Thermo Fisher SCIENTIFIC £ ; 50 mm x 2.1 mm, 5
um particle size) A L. BEIFHIZITEL A (10 mM FEEET > & =0 LOKEEIK)
EWIEB (A F =) W, VT NI IR EBELT A0 T
T NARUILL T O X D ICERE Lz, fiiE 0.3 mL/min O Tl Calkh &
HEA%, A:B(90 :10) OHEIGT2 ML, 21 5MTA:B(6:94) £ THE
BB OFIG ZEMANZEEIN S ET2%, FES (A:B=6:94) TS HIZ 3 MHE
HL7e, 7V A=Y —AFF, ThENT 7 FT I (n/z 280), N-7 A RXF

W T KT I (MIZ266), N-WT ARATFIT T RT7I 2 (mlz252) & LT,

10. ZFRIVBEDOER
& X7 B EE X, Bicinchoninic acid protein assay kit 2 7= 515 (HIE R
570 nm) %9 K (X Bradford @ J5%  (JI7E R £ 595 nm) D % W Cor e Rl E

L7z, FREMRIER H O IZ X BSA 2 H 7,
11. SEEHERMT

BEIZ FFFL L2 b D &R T, 3 [HILA DA L 7= EBROFE RO ¥ fE + SD
TR LT, KEEM OFEEIA B 721X, Fisher’s test & Student’s t-test (2 & ¥ 2E4f L
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72o 728, p<0.05 THOILGEITHFFIICHERETH D EHIWr L7,
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B3H MR

1L 7 P IVRBIZLZ2MENRMIRT RN b— 20FHE

HAE #ifidZ 20 uM 7 57 2 /2T O0, 6, 12, 24 KR OV48 IFffALEE L 7= & =
A EAFERIT 12 RF[EE 22 DI LR | 48 BRI #2123\ T 21%I2 £ TR L
7= (Fig. 6A), F7=. FMEEE BT 48 I LiEs, 7 ho7 v
(% 10 pM UL EDIREEIZIB W T HAE MO AFR LTI L 2 RSN
(Fig.6B), — /7 MOEHH (7= 7L FI N=bha Y72 70T 30,
7TV V) TOLET, 20 M DIREZIZE VT S HAE Ml DA fFRIZIE
EANERBERITS Dol VT NT I UAELO 50%ESEEE (50% lethal
concentration, LCso) % #i~37-= & Z A, HepG2 M O HEK?293 fllfi TiXF 2 26.7
UM KON 124 uM & SIS Td - 72 DIk L, HAE, SK-N-SH U Molt4 #ifE C i
ZNEN 84 UM, 7.8 uM K N58uM LIRfETH o7, Flo, 7 b7 I 4L
L7 HAEfIfEIZFBWTCT AR b= RV 7 F ) v T O T =7 X —Thdh
A= 3 OIEMHAL (Fig. 6C) KOV AR b — v Aflifid % 7~ 3 TUNEL B o
FE OB (Fig. 6D) NHERINT-Z LD, 7 T 2 13 & N R A X
LTTARF—YR2EETDHZ PRI,

2. V7 7 I BB 5BIER P L ARUNMEKR L ADEE

4% Tl Matsunaga & 2 137 4 — B AHER AT AT E END FEX )
9,10-phenantherenquinone (PQ) DALEE KRN ROS &4 HIIN S, /IMafg 2 h
2R3 by KU THEREMEE . ) A N—Y 3 RIEMET R b — 3 AR 215V
THZLEWME Lz, £/, v7 M7 I UIRREKRFAIC HAE Ml O AR
—¥ 3 ZIEM L S 7 (Fig.6C) Z & 725 ROS OFEANIMENEMAED 7 K
TIVHEET R M=V RICEET 5 2 EnER S, ZORBERET A7
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Fig. 6. Apoptosis induction in endothelial cells by sibutramine treatment.

(A) Time-course of HAE cell damage by sibutramine. The cells were treated for 0, 6, 12, 24 and 48 h with 20 uM
sibutramine. (B) Concentration-response effects of sibutramine and other anorexiants on cell viability. HAE, HepG2,
HEK?293, SK-N-SH and Molt4 cells were treated for 48 h with the indicated concentrations of sibutramine (0),
fenfluramine (@), N-nitrosofenfluramine (0) or phentermine (m). The viability is expressed as a percentage to that in
the control cells treated with the vehicle alone (0 pM). (C) Activation of caspase-3. HAE cells were treated for 48 h
with 0, 2, 5, 10 or 20 uM sibutramine. The caspase-3 activity is expressed as a percentage to that of the control cells
(0 uM). The values of the cell viability and caspase-3 activity are expressed as the means = SD from three
independent experiments. (D) Flow-cytometric analysis of TUNEL-stained cells. HAE cells were treated for 48 h
with 0 (a) or 20 uM sibutramine (b), stained by the TUNEL method, and then applied to the flow-cytometric analysis.
The analytic data are representative patterns from three independent experiments. **Significant difference from the
cells treated with vehicle alone, p < 0.01.
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. V7 8T IO HAE MmN T D il kAl NAC O R Z /et LTz,
ZOfER, NAC I X BRI, 7 b T 2 VR mE NI LT
FERTIEHRNLOORERREFEMNEZ TR LI (Fig. 7A), £7-. @tk HE
(H202) it~ 2 —> DCFH-DA # A\ C7 e —H% 4 kA U —Hr&1T
Sl e T A KM L i L C20uM 7 b T 2 02T 24 WEEALER L 7= i
Tl% DCF B O EI & 0380 L= (11.2 + 4.3% vs 48.3 + 6.1%) (Fig. 7B), Z i1
HOFERNS, ROS PFEADTLHEN T T b T I N X - THE XD I N
Ja 7 AR b= TR LTG5 LR S iz,

Bt A B LRI KD T AR b= AD—FL LTI by KU 7E#ERED
BFEBmons %, 22T, 2 har R 7Y o 7 BORBEEZ R~
DIEOIT T AR Ty Mg ZAToTofER, 7 8T I 0 24 ReALERT
TR b= A% 37 Bel-2 BB EOREKFENRBDEI Fa s NI T
DAL ENICEAET 27 R b= ZMEES /X7 8 Bax FEBL&E OB e N
sk Lo (Fig.7C), £ 2T, ¥ 7 F 7 I 2L % ROS OFEATLENI b=
R U 7R E A FE T 20 ENE R 5720, I bar R 7RO
TS LT E (BERIK) Ok (BER) [ty 7 M2 37 =v
Jetask IC-1% & WV TIERE D LB A 7 m—H% A b A B Y — 8T THE LT,
ZOREFR, 7 N T I D 24 RERALER I SOk IR 2 789 HAE AR
FPAFZICHIIN S, 2O 2 mM NAC (2K 2 RTLERC X - Tl S iz
(Fig. 7D), F7=. H AN X2 RTLERIX, 7 b T I ALBRIZ K 5 HAE Hifa
DT KR b — AEIE A Z I S 72 (Fig. 7E), 2N bDZ Enn, v 7
R ATk B MAENEMIIET R F—3 2AOEEIE, ROS OREATTHE KR OZ i
fE9 2 har N 7BHEREREEIC L - TN Shd Z LR ST,

WA MaEA R UVABEER T (O vy Xn RN e TR b= A Z N

7% CHOP)® ORBEZPET D EICED, YT R I IVICRNT DT A K
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Fig. 7. Sibutramine elicits HAE cell apoptosis in a manner dependent on oxidative
stress induction and dysfunction of mitochondrial membrane.

(A) Effect of antioxidant NAC on sibutramine toxicity. The cells were pretreated for 2 h with 0 (o), 0.5 (®) or 2 mM
NAC (o), and then treated for 48 h with the indicated concentrations of sibutramine. The viability in the treated cells
is normalized to that in the control cells (O uM sibutramine) and expressed as the means + SD from three independent
experiments. (B) DCFH oxidation. The cells were treated for 24 h with 0 (a) or 20 uM sibutramine (b), and then
subjected to flow-cytometric analysis to determine DCFH oxidation by hydrogen peroxide. (C) Change in amounts of
Bcl-2 and Bax. The cells were treated for 24 h with 0, 2, 5, 10 or 20 uM sibutramine and their extracts (40 pg) were
analyzed by Western blotting. (a) Representative blotting result. The band densities of Bcl-2 (b) and Bax (c) were
normalized to that of B-actin, and are expressed as the means + SD from three independent experiments. (D)
Mitochondrial membrane potential. The cells were treated for 24 h with 0 (Veh) or 20 pM sibutramine (Sib). In the
NAC group (Sib+NAC), the cells were pretreated for 2 h with 2 mM NAC prior to the treatment with 20 uM
sibutramine. The treated cells were stained with JC-1 and then applied to the flow-cytometric analysis for monitoring
the number of the cells with JC-1-derived green fluorescence. The results of these flow-cytometric analyses are
representative patterns from three independent experiments. (E) Effect of oxidative stress on sibutramine-induced
apoptosis. The cells were treated as described in (D) and then subjected to the flow-cytometric analysis. The number
of the TUNEL-positive cells is expressed as percentages to total cells in the bar graphs. Data are expressed as the
means = SD from four independent experiments. Significant difference from the cells treated with the vehicle alone
(0 uMm), *p < 0.05 and **p < 0.01. Significant difference from the cells treated with 20 uM sibutramine, #p < 0.05 and
#n < 0.01.
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— Y AT A~O/NEAE AR L ADEGZ G LT, MBDIZ, HE & RT-PCR £
TENL DG L~V ZfEgh LIz & 2 A HAE #ifdd heat shock protein (HSP) 70
O MRNA B &L, 7 M7 I URRE 2 X5 M) LRI K-> THML 72
H OO FERE 20 uM BRI K o TIXEPIED Lo (Fig. 8A), X HRAYIZ . CHOP
MRNA ZEHET, FEE (10 LT 20 uM) AFCEEFIC EH L. RO A
BRI ELUZEBWT bR S L7z (Fig. 8B).

TaT T Y —=AE, BIEA L ASMaE R B LR K o TER S LD RL
EiiZ R TBEROEMNE R BEEOREIRE R B R DT e T T —
PEAKRTH D 9, Thil, O BRI, EREA b L AICKHT
D RO B W THLN R EEZ R -T B2 LN TWD, I T,
HAE #fa itz VT 26S 7 a7 7 YV — LD FE b U 7 URRIEE 2 JIE
L7, ARIEMEILS 7 7 X 20 24 RERALERIC X 0 B I 2WHE8 L, & O

A Sibutramine (uM)
0 2 5 10 20 (b)

B (a) Sibutramine (uM)
0 2 5 10 20

B-Actin | e ——— Sibutramine (uM)

Fig. 8. Elicitation of ER stress in HAE cells by sibutramine treatment.

(A) Alteration in expression of mMRNAs for ER stress-related factors. The cells were treated for 24 h with 0, 2, 5, 10
or 20 pM sibutramine and the expression levels of mMRNAs for HSP70 and CHOP were assessed by semiquantitative
RT-PCR analysis. (B) Change in expression of CHOP. The cells were treated as described in (A), and their extracts
(40 pg) were analyzed by Western blotting. (a) Representative blotting result. The band density (b) of CHOP was
normalized to that of B-actin. The PCR and Western blot data are representative patterns and the expression level is
expressed as the means + SD from four independent experiments. **Significant difference from the cells treated with
the vehicle alone (0 pM), p < 0.01.
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X NAC ORILERIC L > THEIZEIE L7z (Fig. 9A), 72, 7 F 7 I UiEF%E
U Y o RREME R AR 7 2 = | betab & O D% E betabi (D FE Bl i
D SETOIIR L, e T T Y — NEMEILKF P28a TN P28B 1Tt L TiX
WL RIS 2o 7= (Fig. 9B), & B2, a7 7 Y — ARLERK MG132 DAL
BIZX > Ty 7 M7 2 vromENEMEEEIAREICHE B SN (Fig. 9C), Z
NHOFEFRN G, ROS OFEATIEIZ L 27 0T T YV — A iEEESL 7 RT3

AN L BIMENEHIT R N— ADFEEO—FThHHZ EIRBINT,

3. V7T I AT XD NO EERDOED

B FIZTNO BEOEBE AL 2 A, 7 N7 I UIF HAE Mifldo
NO & % FE i M OV FE A7 IR &8 7= (Figs. 10A XY B), £7-. HAE i}
DT T I UNTKT B ML, NO R —To® 5 DETA ORILERIZ L > TH
BEIETL, NO 7V NV AIR V% —Toh % Carboxy-PTIO (2K - THRL
7z (Fig. 10C), &6, ¥ 7 M7 I AU L > THEE S5 HAE #ifaN NO
BEOWRADIE, NAC ORILEIC L > THEICHH 7 (Fig. 10B) Z &b, I
ENEMIRIZ BT D NO OF5¥8IX ROS OFEAICER L, 7 F I Ik d7T
W=V ZAFHFRETICE ST 5 E 2 b, Ml TAR L7 NO %, ROS
D—FETHDHA—=NN—F XL T =4 ERIGELAA—=FFTF A T A b
(ONOO-Y) Z4A L, ONOO- IZ AT A VIO F A — VAT 571 T
<, FuvUREOHREZ= b T 52 LIk = beFu 2R
THZERRESNTNWD ¥, Z22C, = hrFry i hikdHWT Ry b7
a2y MENTZIToT2E 2 A, 20 uM > 7 T X UALBRIE, RFREARAE & bl L C
HAE fliffaiN D= b Fa L U iEa 2 o7 B %2 1.8 310 TS ¥ (Fig.
10D),

A& N EHIIRIZ BV T, NO X eNOS X VINOS IZ L » T L-7 v F = U b A
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Y5 %, 22T, Y7 T 2T 24 BERALER L 7= HAE MR o v = %
g7y MENT 21T o1 & T A RERFRIZ eNOS FEHL &3 A LTc—75 .

VT N7 UMEOF IR DT INOS D4y EAHTIZIE N RGRD bive
2o 7= (Figs. 11A }x Y B), eNOS JEME I3 O ILICBIT 5V VB LA B
FoTHIsnTEY, FFZ 77 FEHOEY DV UEE{kiX eNOS @ NO FEAE
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Fig. 9. Contribution of 26S proteasome to apoptotic mechanism caused by sibutramine.

(A) Decrease in chymotrypsin-like proteolytic activity of 26S proteasome by sibutramine treatment. HAE cells were
pretreated for 2 h without or with 2 mM NAC, and then treated for 48 h with 20 pM sibutramine. The activity in the
cell extract (100 pg) was measured, normalized to that of the control cells (0 pM), and expressed as the means + SD
from three independent experiments. (B) Expression levels of proteasome activators and subunits. The expression
levels of two proteasome activators (P28a and P28f) and subunits [beta5 and its inducible type (beta5i)] were
assessed by RT-PCR. The data are representative patterns from three independent experiments. (C) Effect of a
proteasome inhibitor MG132 on the viability loss by sibutramine treatment. The cells were pretreated for 2 h with 0
(open bar), 0.1 (filled bar) or 0.2 pM MG132 (slashed bar) prior to the 48-h treatment with the indicated
concentrations of sibutramine. The viability value is expressed as the means + SD from four independent experiments.
Significant difference from the cells treated with vehicle alone (0 uM), *p < 0.05 and **p < 0.01. *Significant
difference from the cells treated with 20 uM sibutramine, p < 0.05.
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Fig. 10. Lowering of NO production in HAE cells by sibutramine treatment.

(A) Time-course of reduction in NO production. The cells were treated with 20 pM sibutramine for 0, 6, 12, 24 or
48 h, and intracellular NO was stained with DAF2-DA. (B) Concentration-response effect of sibutramine on NO
production. The cells were pretreated for 2 h without or with 2 mM NAC, and then treated for 24 h with 0, 2, 5, 10, or
20 pM sibutramine. (Insets) Representative photographs of the fluorescent cells treated for 24 h with vehicle (\Veh),
20 pM sibutramine (Sib), or 20 pM sibutramine posterior to 2-h pretreatment with 2 mM NAC (Sib+NAC). The
intensity of DAF2-derived fluorescence (i.e., NO amount) is normalized to that in the control cells (open bar) and
expressed as the means + SD from three independent experiments. (C) Effect of NO on sibutramine sensitivity. The
cells were pretreated for 2 h without (open bar) or with 20 uM DETA (filled bar), 100 uM DETA (slashed bar), 5 uM
Carboxy-PTIO (dotted bar) or 20 uM Carboxy-PTIO (gray bar), and then treated for 48-h with 10 or 20 pM
sibutramine. The viability is normalized to that in the cells treated with the vehicle (open bar at 0 pM) and expressed
as the means + SD from four independent experiments. (D) Nitrotyrosine-bound proteins in sibutramine-treated cells.
The cells were treated for 24 h with 0 or 20 uM sibutramine and the cell extracts (100 pg) were analysed by dot
blotting using the antibody against nitrotyrosine (upper panel). The dot density is expressed as a percentage to that in
the untreated cells (0 uM) in the bar graph. The blot is representative patterns and the nitrotyrosine level is expressed
as the means + SD from three independent experiments. Significant difference from the cells treated with vehicle
alone (0 uM), *p < 0.05 and **p < 0.01. *Significant difference from the sibutramine-treated cells, p < 0.05.
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OV pT495) DI BB INEEN 5 AT 0 F T 45 5 TH MR eNOS pS1177 781
BT RIS L, RAiEMERD eNOS pT495 &L & 35t FRAYIZHN L 7=
(Figs. 11C X I’'D), 26D Z &6, MBI NO EDI 1 eNOS Bl & DI
DT TR, T FROEY O ) VbR N 495 FEHDOA LA =0D Y
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Fig. 11. Down-regulation and inactivation of eNOS by sibutramine treatment.

HAE cells were treated for 24 h with the indicated concentrations of sibutramine, and the cell extracts (40 pg) were
applied to Western blotting for detection of eNOS, its phosphorylated forms (pS1177 and pT495) and iNOS. (A)
Representative blotting pattern. The band densities of eNOS (B), eNOS pS1177 (C) and eNOS pT495 (D) were
normalized to that of B-actin. The blots are representative patterns and the expression levels are expressed as the
means + SD from three independent experiments. Significant difference from the cells treated with vehicle alone (0
UM), *p < 0.05 and **p < 0.01.
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4. V7 b T I AREEE & R D B

VTR TIVEFIBICCON-TAATFALT R T I U EON-UT AAF LT
N7 I AREsnD Z LD HAE ROV HepG2 fifidickt4 57 F 7 I v &
Z ORI O TN & i Lz, T OREE, HAE #8385 N-F 2 A F b
R OBEILL 7 N7 I L L THBIKDN > 72 DI2xt L, HepG2 il
IZBWTiX, L7 b7 I oM TEEOEITRD bhkr -7 (Fig.
12), F£7-. bR 2 BEOMIICIBWNTY T b T 2 U N-T 2 A FILARHEIIAN
SN DEIGZ~T2 L Z A, HepG2 Ml HAE flifial & beigs LTI 2 22 AU
BN H N 72D L, HAE Mifd% 10 uM &7 b5 2 T 24 R L 7=
BXDON-TARAF LY T T IV RON-UTAAF LT T U EREIL, £
NZNHI 3% N 1% AR TH - 7= (Fig. 13A), S 512, HepG2 (28T W
AR RIFINCBIE LT A, T R IFIVIEINTAATFATT T I
EHRMITE S, ZTNITERLIREMEZ T N-DTARAFALLT T I U0
EHr s 7= (Fig. 13B),

HAE HepG2
120

Viability (%)
3

0051 2 5102050 00.51 2 5 102050
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Fig. 12. Sensitivity of HAE and HepG2 cells to sibutramine and its metabolites.
The cells were treated for 48 h with the indicated concentrations of sibutramine (0), N-desmethylsibutramine (®) or
N-didesmethylsibutramine (o). The viability is normalized to that in the untreated cells (0 pM) and expressed as the

means + SD from three independent experiments. Significant difference from the sibutramine-treated cells, *p < 0.05
and #p < 0.01.
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AT o TofEF, CYP2B6 } UF CYP3A4 F Bl (3 HAE, HEK293 & U SK-N-SH #ff
fil & bhis L C HepG2 K UF Chang Liver i T < (Fig. 14A), Rl 3 ORI T
IXFEBRZ N-T 2 A TF AR O A E DV 72> 72 (Fig. 14B), L7z23~>T, =
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Fig. 13. Metabolism of sibutramine in HAE and HepG2 cells.

(A) Intracellular and extracellular levels of sibutramine (Sib), N-desmethylsibutramine (DesSib) and
N-didesmethylsibutramine (DidesSib) in the cells and medium after the cells were treated for 24 h with 10 uM Sib.
(B) Time-course of Sib metabolism. The cells were treated for 0, 6, 12 or 24 h with 10 uM Sib, and Sib and its
metabolites in the culture medium were analyzed. The amounts of Sib (0), DesSib (®) and DidesSib (o) are expressed
as percentages to the sum of their amounts from three independent experiments. n.d., not detected.
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ST, BRI Z &2, CYP3A4 [HEAITH 5 KTZ DORITALHELT 2 FE ATl
FZHBWT Y7 b7 2 R O AR Z B TR L (Fig. 14B), siRNA D&
AT &% CYP3A4 FEBLINHIZARFERTH -7 (HepG2 J2 UF Chang Liver ffifaiZ
BWTENZN 72% M O 81%DFEHME) b DD, 7 T I OREHNEE
\ZI8ES L7z (Fig. 14C), S HIT, AEFRICEEL KT I RWRETO KTZ &
UMl o> 2 FE¥E O CYP3A4 FLER] (VPM KT DTX) 828 ofidliiZy 7 7 2 v~
W PE A A RIS (Fig. 14D), £ & [FAEDO 2L CYP3A4 & BLHNH]
HepG2 #iBIZH W T H 3B vz (Fig. 14E), LLEDZ Lvd | CYP3A4IZ L %
7 R UREHEMRW A NS O ML, 7 b T ARERER R

WITHIIES & EE L TaWnWe 7 b7 2 U2 R 2 LRI S T,
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Fig. 14. Contribution of CYP3A4 to sibutramine metabolism.

(A) Real-time RT-PCR analyses of expression of mRNAs for CYP2B6 and CYP3A4 in HAE, HepG2, Chang Liver,
HEK293 and SK-N-SH cells. The analytic data are expressed as the means + SD from four independent experiments.
(B) Effect of KTZ on sibutramine metabolism. The cells were incubated for 24 h with 10 pM sibutramine, and the
culture medium was collected to determine extracellular levels of sibutramine, N-desmethylsibutramine and
N-didesmethylsibutramine by the LC/MS/MS analysis as described in Fig. 13. HepG2 and Chang Liver cells were
also pretreated for 2 h with 5 pM KTZ, prior to the 24-h treatment with sibutramine. (C) Effect of CYP3A4
knockdown on sibutramine metabolism. The levels of sibutramine metabolites (N-desmethylsibutramine and
N-didesmethylsibutramine) in HepG2 and Chang Liver cells transfected with siRNA targeted to CYP3A4 (3A4KD)
and its scramble siRNA (Scr) were analyzed by the LC/MS/MS analysis as described in (B). The amounts of
N-desmethylsibutramine (filled bar) and N-didesmethylsibutramine (slashed bar) are expressed as percentages to the
sum of the three compounds from three independent experiments. (D) Effect of CYP3A4 inhibitors on sibutramine
sensitivity of HepG2 cells. The cells were pretreated for 2 h with 0 (open bar), 5 uM KTZ (filled bar), 5 yM VPM
(slashed bar) or 10 nM DTX (dotted bar), and then treated for 48 h with 0, 5, 10, 20 or 50 pM sibutramine. (E) Effect
of CYP3A4 knockdown on the sibutramine sensitivity. The siRNA-treated HepG2 cells (filled bar) and the control
cells (open bar) prepared above were treated for 48 h with 0, 5, 10, or 20 uM sibutramine. The viability is normalized
to that in the control cells treated with the vehicle alone (0 pM) expressed as the means £ SD from four independent
experiments. Significant difference from the cells treated with vehicle alone (0 pM), *p < 0.05 and **p < 0.01.
#Significant difference from the sibutramine-treated cells, p < 0.05. n.d., not detected.
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ARETIE, 7 M7 IUBNMENEMOT R N — A%ZFHET L2 &%)
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nNTng 88 ZhnbomENS, ARFEOEBRE S ik olmREO 7k
Z 2 U OMRMIT IR O ER- L Z AU S M N R OB REREE K VT AR
=Y REFHFET DI LR SN, AT, SK-N-SH & T Molt4 #lifidi,
HAE #ifid & REEICS 7 R T L AC L TEmWEZEEZ R L2 &b, 7 b
7 2 IR R O AE B RE PR A A T D T & DRI S LT,

AEFFETIE, VT R T I LD TR b— v AFEFICEREA R L 2D
BNEETLZ 2R L, £72, ROS EEAOTEELHNZRET D Z &1
HskZeh o 7= H DD, Fig. 7B T B 7= ROS DA i IS Hii b IER
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v RY ALK —F (superoxide dismutase, SOD) (ki AR+E#) K& 8 Bel-2 (Fig. 7C)
DRBEDRLNET BN D, TN OHRIEERASSTT R b — 2 AR F DR E
BETIE, PQ DV Ry 7 AP A 7 0% LTELED ROS DEASNIZEED T
DU RERICBWT BB SN TV D 9, Tiilg, v 7 b T I BRI X 5l
B TP ROS OHFEFEMNIMENEMILT R b — ADOFEEOF| E 410725 & TS
iz, £7. Bel-2/Bax OFEIENRA LTI b2y R TSR T 5 &,
7'r J3 A,3—F 9 X° apoptotic protease activating factor 1 (Apaf-1) & & HIZ7 AR b~
V—LEEKTHI har FY 7R X 37 H cytochrome ¢ (Cyt-c) 733 k=
YRUTHOIRETHZENE 0 I har R 7EREIK TIZ L 5 Cyt-c O
FUVEA~DPH & A= 9 R UH A—F 3 DIEREE ALV T T 2 i

YATRFN—IRAFEO—FTHHEHEINT,

}

NO X F[IBIE S 7 =Vl 7 5 —¥ OIEMAL 2 A U T I 3 i #l I o I

H.

AL, MEA R T S50 EmER T ThHD B, Foiod, miko
JNT R U RED EFRZT TR MENBMILO NO EARKTS &
727 b7 I UORWERACTH D EIMED ERIEWFT CTHDH EE 2 v, A
FIZBWT, = huaF v (Fig. 10D) & NOS (Figs. 11A~D) OA L/ 71
v MEFTORERNG, 7 b7 I 128 5D NO fEiBIX, eNOS DR B & K ONE
X F & ONOO- DARKIZ X 5 NO WHHE EOHIMZER T2 L HELZ S 7z, eNOS
TEPEALTNL Ser1l77 @ U LR L & O eNOS DIEHALIZ X 5 NO kR, #
VR X —E (protein kinase, PK) A, PKB/Akt, PKC. AMP i&MHAbF—+
LDk & e —BIC LV HIH s D O, Fi- PKC KON Ca¥ [ IVEY 2V
ARTEEX T —B1Z, eNOS D 495 FH DA LA =ik %E Y Vb d 5 2 &N
MHNTWD M X5z, mENKICHET 2 ERHMETTF RThid=r
RE U id, PKC ZJr L7z eNOS DOANEMAL K O BLINHIC L W NO PEAE A 1
Hl92, k., 7 8T IR ETT 5 72 HAE il T eNOS Bl & K Y
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BERE 2 i3 2 EXF 2T X< BERIBMFBLETH D, LTI
T, NO 28 PKA X ONPKC KAFE Y 7T U o TR DIEMAL KOS &) T a7 T
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— LOMREERTUHET D Z E0NHEIN WD Y9, 2, RIFETIE, Y7 T
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Ta=wy hREBE (Fig.9B) K FS®HHZ LIMx, 7 u7 7 Y —LEEEAE
N T NI I VEEMNE PR IESZLE (Fig.9C) #RH L, 2N b DORE K
D, T FIIVRBIZED NO #BIZT 0T 7 Y — L ORI 7 2= v
RO OFER OB Z I/ L TTrT 7 Y — AMEREZ IR S, £ Ok
BB LA P L AROVNAE A N LRI X o TER LB Z o7 OE
DRI E 2 5 LHER ST,

VT RITIVOEREY N-TAAFNALLT R T I U EON N-OT AATF )Ly
7N I0) TR IR (BRMETE) AL WD), T T I v

IZ KD REBAERO L REREZR-TEE2 TS ™, Lo, 3K
PER &3z 2 S O HAE M 2 il s tEid s 7 F 7 S e bt
LTI o 72 (Fig. 12), F7-. HAE Mifid & thiis L C CYP3A4 & @38l L T\
% HepG2 M Tix> 7 b7 X kT RS MEME < (Figs. 12 TN 14A), £
DRI X CYP3A4 [HER O RITALEE (Fig. 14D) CZEE4MHI (Fig. 14E) (2L -~ T
WEs L7ce ZNHDORRNG, 7 87 I UKD MENEMEESEDAE
TER DY 22713, CYP3A4 #BLE L ADMHBEN® D LHELE I T, Z OHEZ T
% SK-N-SH fifflg23 s 7 b 7 2 ok LTVt 2 R4 2 & (Fig. 6B) KO
FEAEVT T I URFHEEZR L TR & (Fig. 14B) IZEfIT 6N TE
V. AR OUERSCIL R O MR ER BN EEH & L THRiESNTnH 2 &
EH—ET D, VT NI I URFHCEE S35 2 #iHO CYP (CYP2B6 & CYP3A4)
32 < OBIEFZRPIFEL T Y, EOZAIC L0 EYEHRE L ) PRI 72k
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Fig. 15. Structure of sibutramine and psychostimulants.
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1. EBEH
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3. MilAFEOHIE
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B3H MR

1 7 bT IV L2 B FRGMIRT R F— 20OFHE
HASM Hfid % 20 uM > 7 k7 2 12T 0,6,12,24 TN 48 WRHJALER L 7= f5 5L,
ARRAE A7 3R1E 6 IRFIZ 0> IR LAk | 48 FEfEIF2 1238V TiE 12%I2 % Tl L7z
(Fig. 16A), F7-. ZEERBEICRBW T A48 BFMBEL 7= 2 A, 10 yM L LD
TR T I VBEEICBO TIIEEERTRO S, £O LCx fEliX 142 uM ThH o7z
(Fig. 16B), & 52, v 7 b7 I AR L > TT A b — v AL &~ 3 7 AR
— 3 OIEM:AL (Fig. 16C) K& T DNA A {b23@isE S iz (Fig. 16D), i H D 2
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Fig. 16. Apoptosis induction in HASM cells by sibutramine treatment.

(A) Time-course of the cell damage by 20 uM sibutramine. (B) Dose-response effects of sibutramine on cell
viability. The cells were treated for 48 h with the indicated concentrations of sibutramine. The viability value is
expressed as a percentage to that in the control cells (0 pM). (C) Activation of caspase-3. The cells were treated for
48 h with 0, 2, 5, 10 or 20 puM sibutramine. The caspase-3 activity is expressed as a percentage to that of the control
cells. Significant difference from the control cells, *p < 0.05 and **p < 0.01. (D) Flow-cytometric analysis of
TUNEL-stained cells. The cells were treated for 48 h with 20 uM sibutramine (Sib) or the vehicle (Veh), stained by the
TUNEL method, and then applied to the flow-cytometric analysis. The TUNEL-positive cells are indicated as “Positive”.
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& DRI S LT,

R TlIX, 7 b7 IV ROS OFEATTHER NI k2 R U 7 HReREE %/
LTHAEHMBODO T R b= A 2E#T 52 &2 LT (Fig. 7). € Z TIHRoHIZ,
ROS DEATLHEN LT F T I i ME R T R b — R GT 5 0
BInERRT=E 2 A, NAC OFRHLERIZ Y 7 b T 2 2 X D MiamEME 2 A B I
g5 X ¥ 72 (Fig. 17A), F7=. DCFH-DA ZHW Tl D H0 BAHIE L= &
ZAH VT NT AT Ko T DCF PRI O FIG 258 2 i1 L 72 (Fig.
17B) Z &6, ROS DFEATLHEIT HASM Milfud s 7 b T I ViEE TR b —v
AD—FThHdIENTBINT, IHIZ, VZAZ T 0y MENTORFERE,
T R T I E Y HASM fliiaH o> Bax FELE O EH KO Bel-2 L& O
RFRSO B AL, Bax/Bel-2 DEIGITIREMAFRICHE M L= (Fig. 17C), Bax/Bcl-2 &
FEOEIMI. I hay R TRAE RLRENLISE D Z ERH BTN D T2 888
IC1EHWETa—H A hA RY—I2 T ko R 7IERSREZ 14 L 7= (Fig.
17D), ZOfER, 7 R T I VMEE L7 HASM i CiE X b= KU 7 iAE
DR T Z - 3k BaotEN EH L, £0 ERI1E 2 mM NAC 12 L% 2 e Rl
HIZ X oTfl Si7z, AT, 7 b7 I B L7 HASM fifRICE1T % 2
FEFAD 73 A/3—8 OIEMHAL K OY TUNEL B ERl iR O Bl O B ANT TR LAl O Ri
FZ X > CTHBEICHEE Lz (Figs. 17TE K OVF), 2 bDZ &b, 7 b
AT KD ME RGN T R b — s AFFEITIT, N & FEE. ROS
DEATELPREIIEY I har R 7HERESENEE R &R 2 R4 2 &

DIRIE ST,
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Fig. 17. Activation of ROS-dependent apoptotic mechanism by sibutramine treatment.

(A) Effect of antioxidant NAC on sibutramine toxicity. HASM cells were pretreated for 2 h with 0 (open bar), 0.5
(filled bar) or 2 mM NAC (slashed bar), and then treated for 48 h with 0, 10 or 20 uM of sibutramine. The viability
value is expressed as a percentage to that in the vehicle-treated control cells (0 pM). (B) DCFH oxidation. The cells
were treated for 24 h with 20 pM sibutramine (Sib) or the vehicle (Veh), and then subjected to flow-cytometric
analysis to determine DCFH oxidation by H202. The DCF-positive cells are expressed as percentages of total cells in
the bar graph. (C) Alteration in amounts of Bax and Bcl-2. The cells were treated 24 h with the indicated
concentrations of sibutramine. The amounts of Bax and Bcl-2 in the cell extracts (40 pg) were analyzed by Western
blotting and the band densities were normalized to those of B-actin. (D) Mitochondrial membrane potential. The cells
were pretreated for 2 h without or with 2 mM NAC, and then treated for 48 h with 20 uM sibutramine. The treated
cells were stained with JC-1 and then applied to the flow-cytometric analysis to monitor the JC-1-derived green
fluorescence. The positive cell is expressed as a percentage of total cells in the bar graph. (E) Activation of caspases.
The cells were treated for 48 h with 0, 2, 5, 10 or 20 uM sibutramine. In the group shown with NAC, 2 mM NAC was
pretreated for 2 h prior to the sibutramine treatment. The activities of caspase-9 and caspase-3 in the cell extracts are
expressed as percentages to those of the control cells. (F) DNA fragmentation. The cells were pretreated for 2 h
without or with 2 mM NAC, and then treated for 48 h with 0 or 20 uM sibutramine. The TUNEL-positive cell is
expressed as a percentage of total cells in the bar graph. Significant difference from the control cells, *p < 0.05 and
**p < 0.01). Significant difference from the cells treated without NAC pretreatment, *p < 0.05 and #p < 0.01.
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Fig. 18. Facilitation of smooth muscle cell contraction by sibutramine.

(A) Evaluation of HASM cell contraction. (a) Representative photographs of HASM cell-embedded collagen gels.
The cells were suspended in DPBS containing type-I collagen, seeded into a 12-well plate, and cultured for 48 h in a
CO:2 incubator to promote the gelation. The collagen gels were detached from the wells, and then the cells were
treated with 0 (o) or 20 uM sibutramine (®). (b) Quantification of collagen gel contraction. Outer perimeter of the gel
was indicated as dotted circle and the gel area calculated is expressed as a percentage to that before treatment shown
as 0 h. (B) MLC phosphorylation. The cells were treated for 0, 24, 36 or 48 h with 20 uM sibutramine in (a), and for
24 h with 0, 5, 10 or 20 uM of sibutramine in (b). The cell extracts (40 pg) were analyzed by Western blotting using
their specific antibodies of p-MLC and t-MLC. The p-MLC/t-MLC ratio is expressed as a percentage to that in the
control cells. (C) Intracellular Ca?* concentration. The cells were treated for 24 h with 0, 10 or 20 puM sibutramine.
The Ca?* concentration is expressed as a fold increase to that in the control cells. Significant difference from the
control cells, *p < 0.05 and **p < 0.01.
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Fig. 19. Contribution of ROS to smooth muscle cell contraction elicited by sibutramine.

(A) Effect of NAC on increase in Ca?* entry by sibutramine. The cells were pretreated for 2 h without or with 2 mM
NAC (slashed bar), and then treated for 24 h with 0 or 20 uM sibutramine. (B) Effect of NAC on cell contraction.
The cells were treated as described in A. The contraction was measured in collagen gel-based contraction assay and is
expressed as a percentage to that of the vehicle-treated control cells (shown as 0 pM). (C) Effect of oxidative stress
on MLC phosphorylation. The cells were treated for 24 h with 20 uM sibutramine (Sib), 40 pM HNE, 200 uM H202
or 2 UM PQ. In the NAC group (Sib+NAC), the cells were pretreated for 2 h with 2 mM NAC prior to the
sibutramine treatment. The p-MLC/t-MLC ratio is expressed as a percentage to that in the control cells (Veh).
Significant difference from the control cells, *p < 0.05 and **p < 0.01. Significant difference from the cells treated
with 0 mM NAC, #p < 0.05.
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Fig. 20. Effect of NO on damage and contraction of HASM cells elicited by
sibutramine treatment.

(A) Effect on sibutramine sensitivity. The cells were pretreated for 2 h without (o) or with 20 uM DETA (e), 20 uM
DETA plus 10 uM ODQ (o) and 50 pM carboxy-PTIO (m), and then treated for 48 h with the indicated
concentrations of sibutramine. The viability value is expressed as a percentage to that in the vehicle-treated control
cells (0 uM). (B) Effect on contraction. The cells were pretreated for 2 h without or with 20 uM DETA, and then
treated for 24 h with 20 pM sibutramine (Sib). The contraction is expressed as a percentage to that of the
vehicle-treated control cells (\eh). (C) Effect on MLC phosphorylation. The cells were treated as described in B. The
p-MLC/t-MLC ratio is expressed as a percentage to that in the control cells (Veh). Significant difference from the

control cells, *p < 0.05 and **p < 0.01. Significant difference from the cells treated with the same concentrations of
sibutramine alone, #p < 0.05.
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Fig. 21. Cytotoxic and contraction effects of sibutramine metabolites.

(A) Sensitivity of HASM cells to sibutramine (Sib), N-desmethylsibutramine (DSib) and N-didesmethylsibutramine
(DDSib). The cells were treated for 48 h with the indicated concentrations of Sib (©), DSib (e) or DDSib (o). The
viability value is expressed as a percentage to that in the vehicle-treated control cells (0 pM). (B) HASM cell
contraction by Sib metabolites. The cells were treated for 24 h with 20 uM Sib, DSib or DDSib. The contraction is
expressed as a percentage to that of the vehicle-treated control cells (\eh). (C) Detection of Sib metabolites. HASM
cells were treated for 24 h with 10 uM Sib. Sib and the two metabolites in the medium were measured by LC/MS/MS
analysis. The values in HepG2 cells are taken from our previous results (Morikawa et al., 2017). **Significant
difference from the control cells, p < 0.01. *Significant difference from the cells treated with Sib, p < 0.05.
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Fig. 22. Structure of a-PPP, a-PHPP, a-POP and its derivatives.
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KON A& S 187 HASM IR L. #RF¢ SK-N-SH #liia & 3 A C a-POP (257 5 Ji&
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Fig. 23. HAE cell damage by a-POP treatment.

(A) Time-course of HAE cell damage by a-POP. The cells were treated for 0, 6, 12, 24, 36 and 48 h with 20 uM
a-POP. The cell viability was estimated by the WST-1 method, and expressed as a percentage to that in the control
cells before the treatment (0 h). (B) Dose-response experiment of a-POP. The cells were treated for 48 h with the
indicated concentrations of a-POP.
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Table 2. LCso values for toxicity of a-POP derivatives against ten cell lines.

Cell line LG (kM)

a-POP F-a-POP MeO-a-POP MD-a-POP
BEAS-2B (Lung) 149+15 11.8+0.32 148+2.2 128+1.2
HAE (Vascular) 156+ 23 10.6 +1.32 152+17 131+14
HASM (Vascular) 224+0.8 144+ 158 21.7+04 16.6 + 0.62
SK-N-SH (Neuron) 226+44 11.4 £ 0.62 220+24 16.0 +1.0°
DLD1 (Colon) 243+3.1 17.3+1.92 225+16 18.3+1.6%
Al172 (Neuron) 429+6.2 29.8 +5.62 385147 33.6+5.6
MKN45 (Stomach) 457+49 31.5+£5.28 441+35 37.0+£5.1
HEK?293 (Kidney) 89.4+5.7 56.4 + 4.9 82.1+7.9 67.5+4.78
A549 (Lung) >100P 93.4+53 >100 >100
HepG2 (Liver) >100 >100 >100 >100

2 Significant difference from a-POP, p < 0.05.
® No significant cytotoxicity (less than 40%) was observed at 100 uM.

Table 3. LCso values for toxicity of a-PHPP derivatives against ten cell lines.

Cell line HCo (D

a-PHPP F-a-PHPP MeO-a-PHPP MD-a-PHPP
BEAS-2B (Lung) 42.1+5.1 28.9 + 4.2 36.9+4.9 33.2+54
HAE (Vascular) 449+48 325+252 38.8+3.0 341+292
HASM (Vascular) 46.2+4.1 30.2+6.92 40.1+4.0 33.8+5.22
SK-N-SH (Neuron) 575+48 35.2+6.82 51.8+6.8 449 +6.7
DLD1 (Colon) 57.9+5.6 43.8+4.92 52.9+6.3 49.7+5.2
Al172 (Neuron) 65.1+£6.3 52.9+352 63.8+£5.7 55.6 £5.0
MKN45 (Stomach) 824+43 45.8 +5.12 726+78 56.8 + 6.3
HEK293 (Kidney) >100° 83.7+6.0 >100 92.4+6.6
Ab549 (Lung) >100 >100 >100 >100
HepG2 (Liver) >100 >100 >100 >100

2 Significant difference from a-PHPP, p < 0.05.
b No significant cytotoxicity (less than 40%) was observed at 100 uM.
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ZPERE N o T2 (Table 2), F7=. [FROMEA2Y a-PHPP LERIZHB W T HBIZE S 1
7z (Table 3) Z &b, PPs OMRHERUIIEER 2R, PR & OMIMARRERIZI N T
HEEREEZHRET D EEMEN /RS-, HAE #ifd® a-POP } Y a-PHPP [Z%f
THREZIEIIKRE RN o7- 2 & WO PN R T 4 B fL ik~ O S 5 B
IZRBWTH LR R Z R -T2 2ZE L. ZALUREOFERIL HAE Mz H

WTIiTo 7,

2. PPs \T & % & Py B BB 1 D 4 X TE A AH BB AR AT

PPs |2 L 2 i s & (& HEL OREETEMEFABE 2 B 9~~~ < | 2D IZEEH IR ALK
FHL O/ TG HEROEHRILN 72 5 10 FEFEO PPs (233 % HAE #lifiE o
ZPEZRHE L7z (Table 4), ZOfER, o-PPP (Ri A T IVED L D) RO D
K (FHFBROAIAST7 vFBXIA PF VS LIEBANICAF LUV F
EPFESE L2 D) 1%, MRETHD 100 yM LB 21T 5 G A ICB W THL A E
IRHREEER 2R S 2o T2, £12 Ri A= F LI o-pyrrolidinobutiophenone
(0-PBP) & [RARICEIEDRRD DR o2, TD 4 -T A e (KL N3 4-2F
Lo UF R URITETOMBEEE R LT, — . ROWESHRILKEHEL AT
% a-PVP. pyrrolidinohexanophenone (0-PHP). a-PHPP J O o-POP I I PN B i
fmErEZ s L, 20D O@PEITRAKBREHOM R > TN L7z, oa-POP K&
N a-PHPP OB EMAKICE L Tik, 4N 7 v A aql (F-a-POP } ) F-a-PHPP) %
2L 3 ANLDAF LV FF AL (MD-0-POP % T8 MD-a-PHPP) (Z X~ Tl
BN R S, o-POP §FEK D FH MO E S 1X F-0-POP > MD-a-POP >
MeO-a-POP > a-POP DJIETH ~ 7=, Z OFH[AIFMD 8 FEOMIfLIZI T b [FIEE
(ZHERR SAV72 2 L 25| PPs O IME N AR B I X E S ARAL K B BHO M B0 5 &
RO 4T NA RN 4- AT Lo IFFIALIC L VIR T D Z LR E Tz,
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Table 4. LCso values for toxicity of PPs against HAE cells.

Substituent @ LCso (uM)

PP
R1 R2
a-PPP CHs H >100°
F-a-PPP CHs F >100
MeO-a-PPP CHs 4°-OCHj >100
MD-a-PPP CHs 3°,4’-Methylenedioxy >100
o-PBP CH.CHs H >100
F-a-PBP CH2CHs 4-F 76.3£64
MeO-a-PBP CH,CHs 4°-OCHj >100
MD-a-PBP CH,CHs 3’,4’-Methylenedioxy 83.6 5.7
a-PVP (CH2)2CHs H 923+£6.1
o-PHP (CH2)3CH3 H 71.7+55
: (o}
R, 2
4 Ry

® No significant cytotoxicity (less than 40%) was observed at 100 uM.

3. 0-POP FBEMAEFER T R h—Y RITRITFT BB FLADEE

HAE #ifd % a-POP TR LT & Z A, I AN—T 3 DIEHALFBO b, £
DIEVEL UL a-POP DIEFERFHIC EF L7z (Fig. 24A), £7=. 7R h—
ADHE AT D72 TUNEL YetaiklZ TT R h— 3 Az i L7z g 3L,
a-POP ALEHIZ 1 5 TUNEL [GMEMIOEI A1 DMSO D TALER L 72 6t Bt 1=
e UCBEE TN L 7= (Fig. 24B), LA E XV | a-POP ALEE X HAE HEfD 7 7R bk
—VAEBRT DI ENRENTZ, BT U EEAT D — ML D0EIT,
ZF A MOMRMES A ROS FEA A TUHESH 5 Z &6 12 ROS DFEAETT
D a-POP FHET AN h— Y AEFICEG LTS e Flllsng, £2T, 20

G & RREET 5 72012, o-POP @ HAE MR EMEICZ 45 NAC D 22 %23~
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Fig. 24. Apoptotic induction of HAE cells by a-POP treatment.

(A) Activation of caspase-3. The cells were treated for 48 h with 0, 5, 10 or 20 pM o-POP and activity of caspase-3
in their extract (100 pg) was measured using the fluorogenic probe. The caspase-3 activity is expressed as a
percentage to that of the control cells treated with the vehicle DMSO alone (0 uM). (B) Detection of apoptotic cells.

The cells were treated for 48 h with 0 (1) or 20 uM a-POP (2). Significant difference from the control cells treated
with the vehicle alone (0 pM), *p < 0.05 and **p < 0.01.

7= (Fig. 25A), ZOfEHE, NAC ORTLET a-POP OMINEEEIER 2 A 25
SH, ZOREFEHIL 3 FED o-POP AR TR L 7= Iz 50 T b AR ICHEL
gahiz, £, AN H0, &4 9t~ 2 —7 DCFH-DA # i\ 7= 7 n—HA
FARY =G EVIHRZEZ A, 20 pM a-POP TO 24 BffJALELIZ k- T
DCF B ERIAR OB A B L [59.4 + 6.3 vs 7.8 + 3.7% (e BRI, A bR T17e
A EMEZ R LTc F-a-POP TILEICHMEMOEI SN Er o7 (67.3 £ 7.1%)
(Fig. 25B), & 512, a-POP (2K B H A/ N—8 IIHEMALSCT AR b— U RAFFEIL 4
MO TNV A v fic L - THR S, £ OHNNIE NAC ORTLERC L - TIEIERESE
(2Pl & 47z (Figs. 25B TN C), 2D OFERN G, a-POP 12 L 5 I PN R

Ja 7 R h—3 ZADFHEIZ ROS OFEATLHEN R E 425 Z L AVRB ST,
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Fig. 25. Activation of reactive oxygen species-dependent apoptotic pathway by

HAE cell treatment with a-POP derivatives.

(A) Effect of NAC on toxicity elicited by a-POP derivatives. The cells were pretreated for 2 h with 0 or 2 mM NAC
(slashed bar), and then treated for 48 h with 20 uM a-POP, F-a-POP, MeO-a-POP or MD-a-POP (filled bar). The
viability in the treated cells is expressed as a percentage to that in the control cells treated with the vehicle alone
(open bar). (B) DCF formation. The cells were treated for 24 h without (1) or with 20 uM a-POP (2) or F-a-POP (3).
(C) Effect of NAC on caspase-3 activation. The cells were treated as described in (A). (D) Effect of NAC on
apoptotic induction. The cells were pretreated for 2 h with 0 or 2 mM NAC (slashed bar), and then treated for 48 h
with 20 pM a-POP or F-a-POP. The percentage of the TUNEL-positive cells was indicated in the bar graphs.
*Significant difference from the cells treated with 20 pM a-POP, p < 0.05. Significant difference from the cells
treated without the antioxidant, #p < 0.05 and #p < 0.01.

66



BAf B

AREECUL, M PN B AR | 078 ST A AR, SO B BRI J OV R AR 2% o-POP
2k L TRV RS 2R3 2 & & L L7z, o-POP T 48 RFfEJALEE L 72BR D> HAE
AR D LCso fEIL 15.6 uM Th 7275, ERffH (96 KfH) L L7255, o-POP
(34 uM LI EDOIR I W THIIRAEFROFE R (4 uM o-POP LBRIKFIZ 75.3
+ 5.7%F Tl) Z/8 Lz (i), Hasegawa & O#iE 129 (2 v, &
B ORIEEFART O a-POP JEFE1I#1 0.66 uM TH Y | oL 2 Tl o-POP K&
WZED 4-A FF U1K (MeO-a-POP) OERUTER TS LB X BN L THNTE
WTC, TNONEIRE (NI 2.7 uM 10 0.86 pM) THH ST\ 5, AHF
FECTHW o-POP JRELIT B OFHIERE & BT VVETH D Z L2 b Gk
T BRI KO 1 & L TlENEMRESEOE N RE ST,
— RIS, AR T OBEERREIIRERA D L IR OEBIRTH D 11120,
Fle. BRI TF ) OB L > THEHEITR RS oo, SRR B EREIL S
~250 mg £ BEXHLINTWD, D, AT 7 U ERAT 2BRICITRE R
NH LR RN EIRED G T/ VIR SND Z LRl S5, Iz
T, BEAS-2B #ifiiZ PPs (Zxt L TREVEZMHEEZ AL TNDH I &b, G F
J v OERUZ IV E & RERICKOERMEST bR SN DL 2 e TFRIS N,
Begia 2 O e Bol O mMERRBRIC LU, 4-ATF VA M ATF 7 R0 34-AF L
VUFFR YA NATF TR B 12719 MDPV IS I A A T D
TEMFRBINTWS BB gp 2, 3T F e R N AT v
(fluoromethcathinone, FMC) & [FIER (IR AL D AEFR D S5 2 &l
ENTVWDEHLOD, ZHHIEFEE uM~mM 4 — & — O E iR ELF BV T DI
FHINDHZE B 0 h | HMRATOGR A T/ > & B LT a-POP DA%
faF I EBEIC EH L TnD B2 b, ZHD I &b, o-POP DilbF|
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BTG R, FER AR L O R ORI ETR A Y A7 2S5 2 &0
RS, —J T, a-POP O BT 2 S IXT 2R Y 1% Lo
FAE L7 T2D . FARAHEE R ORI %95 PPs BEMEIZ DWW T OFERIZR 0 X
REF/FBLA TR,

ABFIENT 51T 2 REETE PEFR BAREAT O & . PPs FME I T E SR AK R DO R
4-7nFufl, FA-AF Lo DA RAEFEOFFROMBEEMIC L > TLRAT
5 Z EPRS LTS (Table 2~4), ffaEOE &M ITMAEEEZRET 2R b E
AR D 1 DTHDHIENMENTND, Tk, EERILKEHEOMEIC
K o@mMTEIL, RIS BUKMED EH-& 2 5 kB EiE N
ERTDEEZONTE, —FH, F4- AT LU IVAFURITBNT, BUKEDRE
BECH 5t % log P E2Y a-POP TlX 4.13 TH - 72Dk L, MD-POP Tl
391 L/hE ozl b M bTHIfFEEN R L2 &b, 34 -ATF L UF
X VR OB L DA EE O BB XBKME LS O K OB 523 R S iz,
Bl OFREHAE 2 W 7= Bz By C, MDPV o R <& % 37,4 -Catechol-
PV (MDPV Dfii A F L > {K) 73 MDPV & i L Ci et 2 A9 25 Z L VR
S B9, Zhik, PPs D 34 -2 F L u VA AT L DRI EENE OB KT
AT 3= VREDO BN OARIZE D b0 LHERI Sz, F72, 4
7V RIZ oW T, BikPE (F-POP ; log P = 4.28) @ LRz, MW T
DRI DBV L DEBENEZ BND, DF VD, a-PPPFHEKRD T v M & H
WEEBR T, vr U P UBREOKEE R UK AKFEIZ KLY XS T 57
7 B BT S DR N EE AR & ST g WIS F7- vr Y
VUBRDEMIIMA T, A MNFTVEROATF L UARVEEZET D o-PPP 7
BIKL, 200 O A F ALK A F L vkl > T Fr X IARE DY
B Ra SRR SN D s STV D B8O RIS, 4-FMC D X D e
TNFA AT ) UFFERIL, C-F FEA DEEE R S U < W2 R O A
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Mz oD EEZLNTND WBN, 20l 4-7 04 v RO R et
AATHI LG F-POP i iilamttz " Z LD —FThHoHLEXDN
72

AREEFFZE ORGSR, o-POP IZ X D IMEWNEAMIT AR b— 2 OFEIZEE
fEA MUV ABREGT L 2 LARENTZ, o, a-POP EFRBRICT = F LT 2
VIHBERICBTORER (T 7 2 A I RRAF T 2 H ) Ik, IEN
ARSI X L T ROS BEA K O A N—E 3 DIEMALZFHRT 5 Z &7
MO TN D B0 X5z, FEATIFE R OF 1 IR\ T, I8 NS~
7 IRV T I T ROS OEATTEL A# L, Bel-2 LT Bel-XL IZ
%45 Bax OEIGOHMEN LTI bar R 7TEEEARTSE5 2L, IF
NZ Cyt-c ZHMEE FFICIRHE S Z ERHE SN TG BB~z b
D, 0-POP DT AR b — AFFEMEF & L TROS OFERIZMHEII b2 R T
BEREFEE & 2K W ANR—E 3 DIFEMHILE B X b, B, 7u—HA
AU = OfE R, FlRLRE S Y SV & S D HepG2 KUY A549 sl
7 0-POP fLE X DCF Db a1 L A EFHE LR o722 LD (HfEARERK).
a-POP FHHEMRIZ 3 2 A AR DR MEOIE WL OFIRI LB ISR 35 & #E
BN, LILARNDL, BB T 7 2k D ROS D REAEML K OEAREFF D
PRI OWTIERTEICAHATH 720, BEROIMEDPMLETH 5D,
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BAE FBBLEEDEE) &S L= a-pyrrolidinononanophenone 12 &

DI T R h— A DFHE

B WE

B-7r h-T v 7 2 B I VHEBURTH D ERA T/ U E, RBWAT LT A S
— R 970 1 DT, EERTGOA 2 —3y N LTHER P CTIRGE S
TV p Wil 2 g7 KB E ST IZ, £/ 7 X VR RREWE (KX
RUVIAT R Er b=0) OFEITHY E/ T IV T UAR—
Z—IZX L THBDICHET A2 TCENLDOHRVIALZIHEST L Z E0NHL
TN W) K Ff T v AR —H — % B L EEEEHERIC L > TR
D, LT LIEHRERE R )Y ) 72 ) VBEARTH D a-PVP LY
MDPV (Fig. 4) 1%, #7172 / V7 KLU U RO R RS U EEID AABLERE L
TEHT 2 W), JRRIC, A7 = Ra R 4-AF L7 R /A7 K
LU Tt b= KO RS VOB AR E TR ES 2 614,
WL OPDOEBIRAZ LAUE, GEH T > ORE NBERUL 4R 72 BRI R4 %
ATRAIREWER 28 S 23 Z EAME SN TWD, FilxiE, MDPV KT/
XIFEA 7 = Ra 2B LBFETIE, BEh, BN, &imE, RERE O
R OMEERRRR b ¥ Re—ARRH 65 #19), F, 2 7= FarOiRg
BEUZ X o TRtk D i T IE IR M OB O R FRENEIER & LTol&kZ
Shizto@gEbdH s 212 <52, Nagai 5 14619 % a-PVP, MDPV K XA
7x Ra R ELREOERI T ) ORAMOEBERIC L A EHIZHE L, &
AT v DIRGIZ X DREWER O ZERMESCE M 2R LT, AT T, E W

PG B E L PPs DESHIRILAKFEHOMEIC I > THE L, o-PVP &Lk
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L CTEWHEEHRILKFEHEZ AT D a-POP 23 ROS DREEATLHEZ N L TT R h—
AT D2 L2 LIz, 1€-> T, mlREMEART F /7 v OEFERUIE
ARRERZSIZRH L, ATV A7 E2@mD DL Bz b h WH1BND) = ¢ I 5
2. BT o ~OBLREE VO ELAIC X D REFEHE OB ERBRS ST
HIZHH 5T, 0-POP L0 b & BICEEHRALKFEHNR WG F 01
D Toh % o-PNP (Fig. 26) OEWTFHIRIER, BHELXOZEOEFIZOWTITIXE
Ao EFRE D SHUTUVVRUN,

Z ZTCARETIE, b MR OAEFRIZKIET o-PNP ORRAZMEE L 72,
72, ROS FEAKNZDFRER L L THEKT 2k IBELKOY X7 H), I
WZEN DR OGRS 57T T V=L kA — 7 7 U— I
HHLU. TR M= AFFEETF 2R Tl L R 21T o 72,

L AD

Fig. 26. Structure of a-PNP.
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B2H EBMEROERTTIE

1. EBRAE

ARFEERIAEH L 72 a-PNP [ % Cayman Chemicals £1: & 0 B A U7z, A58 240 o fi
TGW #lifiix RIKEN Cell Bank ft, Ki# HT29 #fifi% American Type Culture
Collection 2> HHEA L7z, TGW FlRIZfEMH L 7= Eagle’s minimum essential
medium (EMEM) [FFDEHISE T L 0 EA LTz, BMERERIZH W72 Polyethylene
glycol-conjugated catalase (PEG-cat) IXH K& PR R AW I IEE RE
BEANERI VG SN, v A X T vy MEFTIZH W2 — R PUAIT LC3,
p62. phosphorylated-adenosine monophosphate kinase (p-AMPK). total-AMPK
(t-AMPK) K OF Beclinl /& Cell Signaling Technology f:. Cyt-c id Sigma-Aldrich 1
LVEEANLT-, £7-. HNE #H/ % 7 OB W —&UAIT Alexis
Biochemicals ftO & D&M L=, A— F 7 7 U—fAEHE L THW 7 ra X
v, Ta T T Y —AERRIEIZ W t-butyloxycarbonyl-Leu-Arg-Arg-AMC., &
JT 7 v 2 F 4 (glutathione, GSH) D FkiE#AI & L CHEH L 7= DL-buthionine-
(S,R)-sulfoximine (BSO) | Sigma-Aldrich ft:, N,N-dimethylformamide (DMF) } O
diethylmaleate (DEM) X747 A4 T A7 NHIEA LTz, TOMITETE 1FE, 5H

2EROEIEZEOE 2 THALZLDLE L LD E W=,

2. MfaEE#
MIfERE I3 1 &, 2 AU 3 | 2 Millilsll L FIEICE- T,
TGW #llfia & O HT29 il id 37°C, 5% CO2 5 FOIREEH A A o F 2 _X—H
—WNTEFE L, 2 HEICE I Z A L C 4~6 HEICHEUMERE L7z, H95FESH &
L T 10% FBS. 100 unit (U)/mL penicillin-G potassium & TF 100 pg/mL streptomycin

sulfate % & ¢¢ EMEM & U DMEM (pH 7.4) % H\\ 7=,
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3. MilAFEOHIE

MR AR OMIEITH 1 O 2 HilCRLd LI TIEICE -~ T2,

4. DNA O¥TH{LR O b= R Y TEEMORIE
DNA OO bz RY TEEMORIEILE 1 EOH 2 Hilcitdl Lz

B~ Tz,

5. HKEN ROS BEDHEIE

AR ROS EORIEILH 1 O 2 HilZFi#l L2 FIEIZE -T2,

6. YT REZ T uy MENT

6-1. AELOFTHR

B ORI 1 B 2 iR LI FEICE - T2,

AR O i, B L7-/ifE % 0.14 M KCI % & ¢ Tris-KCI (pH 7.5) #%
HHRIZRRE LT 26 77— 084 30 [BILL R4 2 &2 K 0 Mk s 4 s U 7,
HHRABAA R % 158,003 B (105,000 x g, 60 Z7[#]) L. &0 ig 2 HH L -CHRiiaZ

o Y

6-2. YT AZ Ty NMEN

T AT a sy MENTIZE 1 EOF 2 §ilciddk L FiEIciE- 7=,

6-3. Ky b7y NMEW

Ky h7'ay MENTIEE 1 TEOFE 2 8ilcied L7 HFiECE-> T2,
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7. BEERIEEDHIE
7-1. H ANR—PIEHOEIE
T A= 3 F I AN—F QIEMEOHIEITE 1 L OE 2 O 2 Hills

# L2 HECE o T,

7-2. a7 Y —AIEERIE
TaT T Y — AMEEOREITE L ZEOF 2 filitd#k Lz HiEICE- T2,
NY PV U RRIEMEIZ S N U U URRIEME E RO FIEICTHIE L, BE L

L T t-butyloxycarbonyl-Leu-Arg-Arg-AMC % L 7=,

7-3. HNE 2 eBE 3R K OBk SREESRTE M ORI E

HifmZ DPBS C 3 [AIYEs#., BRI LA S—& AW CHllEZ HEEL 7=, [\
I L7/l % 5 mM 2-mercaptoethanol 2 Tf 20% 27U e —/L %5 10 mM
Tris-HCI (pH 7.4) fEERICHBB L, 26 7 — 2 D$#t% 30 [Al@ 2 & 12 X v #illa
B2 U7, MR 4 U0 B (12,000 x g, 15 53f) L. Z® LG &
B U CHilE R & U7z S R 00 HNE 32 el 3R K O K SR BER TG M 1
LLFORGSRIZBT D 37°CTO NADPH Dl K O RGE EE & 43 220 (340
nm) ICHIET 2D Z ISRV R L, JOSRIZ, 1M U Ul Y oL (pH7.4)
TEmNR, S, MiREE. MRtk e Shag2mL & L, BIuiERISENE
DI N OMilEdE & LT, £ E4 10 uM HNE K 180.1 mM NADPH % i fl L 7=,
7K SR SR T MR 8 O RSB K OVRiE SR 1, £ 4124 50 uM HNE & Y 1 mM NAD*
Z e,

7-4. TNVEFF S-EEEER (glutathione-S-transferase, GST) TEMEHIE

GST %1%, Habig & 0515 18 (2t - THIE L7=, Mifln% DPBS T 3 [HI¥#4
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%, BRI LA N—E O THlldZ #EEL 72, B L7-#fdZz 140 mM NaCl
% ¢e 50 mM Tris-HCI (pH 8.0) #EFER -HICFFRRE L .26 7 — 2 D $+4 30 [Eld T
Z LT &0 AR A R U 7, AR AR IR A 04 B (12,000 % g, 15 43fE) L.

D EiF 2RI L TRIEMEE S L7, BlEHRE O GST iEfEIL. LT DK
ISR RBT D 37°CTD 7 VX F 4 -1-chloro-2,4-dinitrobenzene (CDNB) D/ fk%
ZAY YRR (340 nm) IHIET D Z ST K D B LT, KGR IE.50 mM Tris-HCI
(pH 8.0). HE. Mgz &2 2 mL & L=, AE L LT, 5 mM GSH

% OY1 mM CDNB % 7=,

7-5. 7V FF BEESR (glutathione reductase, GR) {E#EEIE

GR &1, Worthington & o 5k 19 (29t > THIE L 7=, fifia% DPBS T 3 [A]
Velfi% BV A7 LA /X —Z I TR 4 B L 72, B L 72 #ffd 2 1 mM EDTA
2 TY0.1% Triton X-100 % & 150 mM HEPES-NaOH (pH 8.0) #& &% H |2 FF kv
LT, 267 —Oft% 30 @ 2 &2 L0 a2 s U7, Mlafiig z =
La3HfE (12,000 x g, 15 73fH) L. £ BiFZ28E L CHlEHREE Lz, JE
MR O GRIEM L, LT OISRIZEIT D 37CTD NADPH Dtz 53t
FHY (340 nm) ([ZHIET D Z I X W EH L7z, BUSFKIE. 50 mM HEPES-NaOH
(pH 8.0). 1 mM EDTA, FE. #lilsk. Mlafhiiikz & 2mL & L, %
BIZIX 1 mM BR{eR 7 v 2 F 4 (oxidized glutathione, GSSG). #fi#35121% 0.1
mM NADPH Z{#i ] L 7=, B35 1 U 13 25°CI2 BT 147 [ 1 pumol @ NADPH

AL OB R L L TERL

8. MlRNINEFF L BOHIE
Mg O 7 VEZF A KDY GSH EDOMIEIX, 5, 5-dithiobis-(2-nitrobenzoic

acid) (DTNB) % HWCEEH D ik B9 (2it» TfTo 7=, #ifd% DPBS T 3 [Rl¥k
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Hiie, BN A 7 LA N—% W THlllaz R L 72, FUX L 72z 1 mM EDTA
KT 0.1% Triton X-100 2532 0.1M U U Ee Al U w7 A (pH 7.4) FEEE 2R L,
KR T I TRl R R R 2 B 5 R LB (250 W, 60 FDfE] x 3 [8l) 247\, 30
DRI AI Uiz, WAL, MR 235 00 B (12,000 x g, 153f) L. =D
I AR L CHIE R & L7, RIC. 0.8% sulfosalicylic acid Z iz T4 o
AN EAEET S Z L 0 JlE A SR L 72, 75 uM DTNB 2 #shn L C 37°C,
15 53 A > &% 2 X— | L7=#., Z=pk L 7= 5-thio-2-nitrobenzoic acid OWLYEE (A
EWR 415 nm) ~A 7L — ) —=F—IZTRHIETLHZLIZEY GSH &
EREHLE, B, &7 F 4 BEOREIX, DTNB IO 30 43Riic 7 v~
FA B uESR KON NADPH ZiRINL, GSSG % GSH (T4 L 7242 I [AER D J7

Ea T2 7,

9. RT-PCR f##T
9-1. h—# L RNA O

k—% L RNA OfHIIEE 1 ZOF 2 filZicd# L7 HIEIC/E- T2,

9-2. FEEHM Real-time PCR
A Real-time PCR X 1 =D F 2 FilCiidk L7 HIEICHE- T-,
v-glutamylcysteine synthetase (y-GCS) DOIEELEIIBEHROFr R 77 4 ~—% H

WTCHIE L7z 199,

10. ZU NI BOEERE

5o Ry O TERITH 1RO 2 5 AR L R o T
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11. HEEHEYT

HERTRATIZ, 55 1 EOH 2 HilCi# LIz TEICE > T,
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B3H MR

1. a-PNP SLBR|Z X B #h#% SK-N-SH MIfRD 7R b — 3 AFHHE

SK-N-SH #fifd % 50 uM o-PNP (2T 0, 6, 12, 24 }x N 48 K[ aLE L, WST-1
ARG CHIRAFREZRN Lo s 24, 12 B LB B THEFE DN
DHFRD B AV 48 IR I 1T B AEAFEIL 8% F T L= (Fig. 27A), £ 7=,
a-PNP (T & 2 a7 =D O m L, WST-1 58k & AAfla a2 it 425 ~ U
RUTN—EOFPERRBIETIZE A EEODRRO LR o722 L WST-1
REOAERILI b3y R 7R Ce HIRaAEFEIZB W TS o-PNP IC &
DEE AL TWD Z ENRENT, AT, o-PNP @ 48 FFfH L IE TUNEL
BRI O & BRI HIN S 7= (Fig. 27B) Z & 226, a-PNP ALERIZ 1 CTHf
AT R P = ARFEEIND Z ENRBINT, KRIZ, FFEEEICEBNT
SK-N-SH #lifld % 48 IFEALEE L 7= 5, 10 uM L _E D o-PNP LB I fa A= 1728 %
BEIR T SH720izkt L, FRE COESERILKENE D a-PVP OLFRITA
FERIITE AV ERELE RITE 2o 7= (Fig. 27C), SK-N-SH il THIEZ S =i
71732 a-PNP PEIE, L oofikt TGW M, & F-iE 5 HASM il id K OV & PN B
HAE FZIZ B W T HERD B, £NZEND LCso fEiX 16.9, 13.7 X126 uM T
HY . SK-N-SH ffife (11.8 uM) ERRRETH -7z, —F. K HT29 M-
i HepG2 #Mft., i A549 i, gk HEK293 Hi o> o-PNP (25659 2 8z M
AR A Al S0 L R & B L TRy o 72 (0-PNP I2%F9™ % LCso fEIZZENLZE T >
50, 33.1, 38.4 X1t 35.8 uM Tho72), TN HD I LD, o-PNP O 748
B I FR AR RO A R o6 L CIRAN R E 2 5| i 23 alaB M R S
Too 7R b= AFHEFF 2 AT X U ORRTIEEHE (20 LT 50 uM)
® a-PNP ZfEH L 7=,
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Fig. 27. Induction of neuronal cell apoptosis by a-PNP treatment.

(A) Time-course experiment in SK-N-SH cell damage by a-PNP. The cells were treated for 0, 6, 12, 24, 36 and 48 h
with 50 uM a-PNP, and the viability value was estimated by the WST-1 assay (o) and trypan blue dye-exclusion
assay (e). *9Significant difference from the control cells in the in the time-course WST-1 assay, p < 0.05 (B)
Flow-cytometric analysis of TUNEL-stained cells. The cells were treated for 48 h with O (Vehicle) or 50 pM a-PNP
(a-PNP), stained by the TUNEL method, and then applied to the flow-cytometric analysis. The apoptotic cells were
detected as the TUNEL-positive cells. (C) Dose-response effect of a-PNP on cellular viability. SK-N-SH, TGW,
HASM, HAE, HT29, HepG2, A549, and HEK293 cells were treated for 48 h with various concentrations of a-PVP
(0) or a-PNP (e). The viability values in the treated cells are expressed as the percentage of that in the control cells
treated with vehicle alone (shown as 0 pM). Significant difference from the control cells, *p < 0.05 and **p < 0.01.

2. a-PNP iZ & % ROS {EFHET &R b — AEFDiEMHEAL
BIEEIZBUVN T, a-POP LA b L 2 DFFE 24 U C I N R i 5 5E 2 3 5%
52 L& LTz (Fig. 25), £7-. PPs O EERILESH R KEHDOHE

o

WL > THEIRT 5 2 LD, fiEE SK-N-SH HIla Tl a-PVP L 0 & FW B4R

bAKFZEHEZHT 5 a-PNP IZL > TEZED ROS NEASND Z ERHERIENS,
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Z OARGERE RRFTT 5 72912, ROS OREAED a-PNP 12 X A HfEHIIR D 7 HR b —3 &
B CBET 2 En a2 L 2 A, BOERE (50 uM) @ o-PNP LB X 5
SK-N-SH #ifa {5 EE-IE, Hil{bATdh 2 NAC < PEG-cat |2 L 2 RTALERIZ L -
TIFERTFHC NN &7z (Fig. 28A), F7-. DCFH-DA # A\ /=7 m—+4 1 K X
R U —IZ X DRETOFER, o-PNP @ 24 BEFALERIZ X - T DCF BEflu S A &I
L (Fig. 28B), ZOHEIGOHEIMIFEIRED o-POP &l L TREN>T0, —
U7, EEHRFAKFZHEIE N a-PVP LLELIZ L - T ROS 2ME & A EFEA LD T
ZEehn, 3FEHD PPs 12 X 5D ROS D& & 2D DESHRIKFEHOEZ D
B IEOMBENRO Bz, &I, a-PNP FFEHT R h— ZA~DI har KU 7T
WREREFE ORI G2 5202 T 572, I h = KU TG 1 D A28 &
VT AKX T ay MENIZ X o THREF LT (Fig. 28C), ZDfER. SK-N-SH #lify
7 a-PNP JLHLE Bax FHEOHN & Bel-2 FHEOWR/D 275 L . Bax/Bel-2 DE|
BT HRRE & el L CHEICHEEZ R L, £72. a-PNP ALEL S ATAET /3 1233
7% Cyt-c L~L%& BH-SH, JC-1 HEeROREAEOEAEES S ¥72 (Fig. 28D), &
512, o-PNP LB TR ERFAIIC D A —F 9 O ZA3—F 3 DiEMAL (Fig.
28E) & DNA OWrfft. (Fig. 28F) Z##5E L, £ H1E NAC ORPLHIZ X > TH
BlomH SNz, 5D END, a-PNP FEARMIET A h—T A28\ T
ROS DREATLEN BT /B EZ B2 2 ERHA LN ERD | ZOT R h— A
JFPe LT har R THERERETE & UMD 1 A =B DIEHILRE 2 T,

3. a-PNP {2 X % HNE PEATLEE

ROS DFEAIINRE IR b 2 FE L, £ O RAE U 5 LAEE 55 ey D+
TR & LT HNE 23260 s 199, % 2 ¢, SK-N-SH #lifi 1 > HNE 1
ME R EERE Ry b7 vy SOHIC TR~ & 24,50 uM o-PNP T ALEE

X HNE-# v R 7 ERE AR 2 BB SN & 7= (Fig. 29A), HNE O f#7312 1% 3 fil
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Fig. 28. Activation of ROS-dependent apoptotic mechanism by a-PNP treatment.

(A) Effect of antioxidants on a-PNP toxicity. SK-N-SH cells were pretreated for 2 h with the indicated
concentrations of NAC or PEG-cat, and then treated for 48 h with 50 uM a-PNP. The viability values in the treated
cells in WST-1 assay are expressed as the percentage of that in the control cells treated with vehicle alone. (B) DCFH
oxidation. The cells were treated for 24 h with 50 uM of a-PVP, a-POP, a-PNP or the vehicle, and then followed by
the flow cytometric analysis to determine DCFH oxidation by ROS. The DCF-positive cells are shown as “Positive”
in the representative patterns of the cells treated with vehicle (1) or a-PNP (2), and are expressed as the percentage of
total cells in the bar graph. (C) Western blotting of Bax, Bcl-2 and cytosolic cytochrome-c (Cyt-c). The cells were
treated for 24 h with 0, 5, 10, 20 or 50 uM a-PNP. The amounts of Bax and Bcl-2 in the cell extracts (40 pg) and
Cyt-c in the cytosolic fraction (80 pg) were monitored by Western blot analyses using their specific antibodies and
the band densities were normalized to those of B-actin. (D) Mitochondrial membrane potential. The cells were treated
for 24 h with vehicle or 50 uM a-PNP, stained with JC-1 and then applied to the flow-cytometric analysis to monitor
the JC-1-derived red fluorescence. (E) Activation of caspase-9 and caspase-3. The cells were treated with 0, 5, 10, 20
or 50 uM a-PNP for 48 h and 1 puM staurosporine (STS) for 12 h as the positive control. The enzyme activities in the
extracts of the treated cells were measured using their fluorogenic probes. In the group shown with NAC, 2 mM NAC
was pretreated for 2 h prior to the 24-h treatment with a-PNP. (F) DNA fragmentation. The cells were pretreated for 2
h without or with 2 mM NAC, and then treated for 48 h with 0 or 50 uM a-PNP, stained by the TUNEL method, and
then applied to the flow-cytometric analysis. The TUNEL-positive cells are expressed as the percentage of that in the
control cells treated with vehicle alone (0 uM). Significant difference from the control cells, *p < 0.05 and **p < 0.01.
Significant difference from the cells treated with a-PNP alone without inhibitor, *p < 0.05 and #**p < 0.01. N.D.: not
detected. N.S.: no significant difference from the control cells, p > 0.05.
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FHORHIESR (GST. NADMKAEMEMIAKFEEESR K O NADH (AR JelESR) A3
592 Z ERMBTN D B9, Ziik, a-PNP AL L 7= SK-N-SH i o Z i
ORI O 88 2 R~ 7o i 2R, GST IHMEICA B AR ZETRO bvd (Fig. 29B),
HNE ik FEBERTE PRI IR LU T Th o 7o (AEREHK), Z4uizxt L, HNE
BICIEPEIT 50 uM o-PNP ZLBRIZ I » THEIZHED LT (Fig. 29C) Z &6, #f
PRI H I 3T a-PNP 12 & > TARL L7z HNE 13, BR{EE eSO IZ L 5 4-8 R
BX )RR 14TV RRF L ) RN EEMINLZ LD BT LA,
GSTIZ &% GSH A4 L CgmRE S s L& 2 b,
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Fig. 29. Increase in HNE-adductive protein by a-PNP treatment.

(A) Dot blotting of HNE adducts. SK-N-SH cells were treated for 48 h with 0, 20 or 50 uM a-PNP, and the cell
extracts (100 pg) were subjected to the dot blot analysis using the antibody against HNE. (B and C) GST (B) and
HNE-reductase activities (C) in the cell extracts prepared in (A). The dot density and activity are expressed as the
percentage of the respective values in the vehicle-treated control cells (0 uM). Significant difference from the control
cells, *p < 0.05 and **p < 0.01.
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4. a-PNP {Z X 2N GSH L~V D

AT DGR B o-PNP 264 2 BhEEEE & L C GST 1T & 2 #FEH 28Rie &
7272 SK-N-SH HifEIZ 315 5 a-PNP #%E 7 AR h— 2 X1 GSH OF¥e 234 5-
T Lo ENERRE LTz (Fig. 30A), ZOfEHR, o-PNP @ 24 FFfJALEEIZ LV i
ND GSH A EIZHA L, £ORDIFHR I NV EZ FF o mOEd L RRE Th
ST Z EInb, I NVETF A BEORAIEL GSH ORDIZERT 5 & O & HEH =
iz, WIZ, GSH OO LK 2T 272912, GSH DAL OFHAE
(2B B DL % Real-time PCRIEIZ L W I~ & Z A GSH OHFHLARLIC

B D HEERESE y-GCS DR BLEIT o-PNP WHIZ L » CTHEIHED Lz (Fig.
30B), %£7- a-PNP ZLHRIE GSSG D LIZ L VW GSH % /4 &% NADPH (K17
GR IEMEH A EIIL T & 7= (Fig. 30C), = 512, 3 i GSH #5¥E%| (DMF, DEM
KON BSO) M OEE iM% %#E L7z GSH 7+ e/ Téhsd GSH =F /LT AT /L
2 X A RTALELE a-PNP 12 X B MRS EERH 2 €2 U 98 . ON8ss < w72 (Fig.
30D), 24U 5 D5 AN B a-PNP AL LV A0k S 40 5 MIaN GSH & DA 1
HNE DT K 2 TS GSH DOFTRLA B OV BRI OB REIE F IR 35 =
&R I Tz,

5.0-PNPICE BT T YV —bEREEL A — 7 7 V—DFHE

TaTT Y=LK — T 7 VDS o-PNP (2 & DR 5 I B S
THDENEFRDLT2D . ORI IR KT 2 Z 237 B 53 iR R
FERORBE T LT (Fig. 31), TORE, 7'r7 7V —AREAI MG132 A4
— b7 7 U—FERZ ma N K DAL o-PNP A EENE 2 AT EISHE R L
ZOEMEHEIERIXEN O ORI L - THIMIZHE R L7z, ZO/REEND
TaTT V=AM OF— 7 7 UL o-PNP BB AR b —2 R &
P LTS Z ERRIBE ST,
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w7 e T TV —LEEERIE LT 2 A, a-PNP OERE (20 uM & TN 50
uM) PRI FXE R Y PO ERR O N U 7 URRE A A EICIR L (Fig. 32A),
ZDOXE MY T UARIEMEDOIK TIENACIZ X DRI X 0 IIFeecmiE L

(a) (b) i
< 120 X 120
ey SR i
8 100 e m | 5 100}
O 80 = “ 8o}
£ = o
w 60 T % 60}
S 0 I i
= 40 0] o 40
= 20 8 20}
kS 0 Q o
0 20 50 0 20 50 > 0 50
a-PNP (M) a-PNP (pM) a-PNP (pM)
> 8 120
£ sl T __100}
z . & g0}
— >
> 4 X 60
= =
= 3 «f
& > 20}
% S ENEREO
0 20 50 0 5 10 20 50
o-PNP (M) a-PNP (M)

Fig. 30. Lowering of antioxidant properties by a-PNP.

(A) Glutathione levels. SK-N-SH cells were treated for 24 h with 0, 20 or 50 uM o-PNP, and levels of total
glutathione (a) and GSH (b) in the cell extracts (100 pg) were measured by the DTNB method. (B) Alteration in level
of mRNA for y-GCS. The cells were treated for 24 h with 0 or 50 uM a-PNP, and the expression level was analyzed
by Real-time PCR. The values are expressed as the percentage of that in the vehicle-treated control cells (0 uM). (C)
GR activity. The cell treatment was performed as described in (A) and the activity in the cell extracts (100 pg) was
determined. (D) Effect of glutathione on sensitivity to a-PNP toxicity. SK-N-SH cells were pretreated for 2 h with
BSO (10 uM, e) DEM (10 uM, o), DMF (100 uM, m) or GSH ethylester (1 mM, A) and then treated for 48-h with
the indicated concentrations of a-PNP. The viability values in the treated cells are expressed as the percentage of that
in the control cells. Significant difference from the control cells, *p < 0.05 and **p < 0.01. Significant difference
from the cells treated with same concentration of a-PNP without inhibitor pretreatment (o), #p < 0.05 and #p < 0.01.
N.S.: no significant difference from the control cells, p > 0.05.
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Fig. 31. Effects of proteasome and autophagy inhibitors on a-PNP sensitivity of
SK-N-SH cells.

The cells were pretreated for 2 h with MG132 (100 nM, e), chloroquine (20 uM, o) or MG132 plus chloroquine (m)

prior to the 48-h treatment with indicated concentrations of a-PNP. The viability values are expressed as the

percentage of that in the vehicle-treated control cells (0 uM). Significant difference from the control cells, *p < 0.05

and **p < 0.01. Significant difference from the cells treated with same concentration of a-PNP without inhibitor
pretreatment (o), #p < 0.05 and #p < 0.01.

7z (Fig. 32B), 7. #fEHIALIZIB W CREERDFE U 7 URREME OGS A L
Ry 7 2% A4 7 V%S LT ROS L &IZHEAT D PQ® Ik~ THER SN
ZEND, MMM O o-PNP WLERIZ LD 70T T YV — NEPEDOTEAIZ BN T
ROS MEHER&F 4 5 LHEL I LTz,

F— I 7 7 P—OFFERITIL, LC3 HIBRA S X7 BRI T LC3-T I
BRI, LCI-ICEDICARA T 7 F N E ) — LT I UNEETHZ LIk
D LC3-Il BERT D, £Z T, LC3-1I KLC3-Nl DY =R K T ay Ml %
ITo ot R, a-PNP ALHL T SK-N-SH Ml DA — ~ 7 7 O —BE ¥ 37 g
DEZEMEE A — N7 7 V—DHRETH 5 p62 DFBLE A A S H7- (Figs.
33A~C), F7=. o-PNP MBI A— b7 7 P—DOEEZRFHEHINFTH D21 T
< ROS O FiftfEH) 1 T H &5 AMPK O U U ER{E ) O Beclinl 38 HL &4 %
FHE L7 (Figs. 33A X UYD), & HIZ, N6 OEEIMEMIEZD PQ ALBLIZ X
S THRBRICEZE S, aPNP I K 54—~ 7 7 U — B R 1 OB L NAC O
ALERIC K-> CTHEICIHl SN2 &6, aPNP IZL B4 — 7 7 U— 12k
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Fig. 32. Reduction of proteasomal activity due to ROS produced by a-PNP.

(A) Dose-dependent experiments of chymotrypsin- and trypsin-like activities. SK-N-SH cells were treated for 48 h
with 0, 5, 10, 20 or 50 uM o-PNP and the cell extracts (100 pg) were used for measurement of chymotrypsin-like and
trypsin-like activities using their fluorogenic probes. (B) Contribution of ROS to the reduction of proteasomal activity.
The cells were treated for 48 h with 50 uM a-PNP or 1 pM PQ and the chymotrypsin-like activity was assayed as
described in (A). a-PNP+NAC: the cells were pretreated for 2 h with 2 mM NAC prior to the treatment with 50 pM
a-PNP. The values are expressed as the percentage of that in the vehicle-treated cells. Significant difference from the
vehicle-treated cells, *p < 0.05 and **p < 0.01. *Significant difference from the cells treated with a-PNP alone, p <
0.05. N.S.: no significant difference from the control cells, p > 0.05.
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Fig. 33. ROS-dependent autophagic induction by a-PNP treatment.

SK-N-SH cells were pretreated for 2 h without or with 2 mM NAC, and then treated for 48 h with the indicated
concentrations of a-PNP or PQ. The cell extracts (40 pg) were subjected to Western blot analyses using the antibodies
against LC3, p62, p-AMPK and total AMPK and Beclinl. (A) Representative patterns. (B to D) Alterations in LC3-11
(B), p62 (C), AMPK phosphorylation and Beclinl (D). The densities of the immunoreactive bands were normalized
to those of B-actin, and are expressed as the percentage of those in the vehicle-treated control cells (0 uM) in the bar
graphs, except that that of LC3-11 is shown as arbitrary unit because of its non-detectability (N.D.) in the control cells.
Significant difference from the vehicle-treated cells, *p < 0.05 and **p < 0.01. #Significant difference from the cells
treated with a-PNP alone, p < 0.05.
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BAf B

ARFETIE, a-PNP ALEEFRHIAZ O T R b — A2 BT DH 2 L 2D TR
U7z Fio, BMERBRIZ W TR A ONILE N EGHIIE Y a-PNP (256 L T
MR LT Z L6, a-PNP - OO 1 RFE BRSO EL AT #hik Mo OV BR # 5R (k)
LA REEEH R T D RSN, ZOZ LIXARI T 7 v ORIER &
L CREFOR MRS, SR, miE, FEEE O K& O # e & B E % 8
MAEFTOND & LIETMEIC L > THEMIT NG, BERBROFEREND,
PR K OV PN ECHERR X E 4040 10 LTV uM LA D 0-PNP (2 & 5 48 IRF[iH ALEE
2K o THIRAEGFREPAEREIZED T 5 2 L3R Siue (Fig. 27C), AEITR LT
W28, 2 uM o-PNP ~D I (96 BF) BRFEIZ L 0 SK-N-SH } U8 HAE #li
BRI DALFRITA B L (71.3 £ 3.6%% 10 65.1 + 4.3%), = DAL I5E%
DO RBRIMA S X7z a-POP JEFE (2.7 uM) 1) X0 HIRfECTH 7=, Iz T,
SK-N-SH # D a-PNP {Z5%]3 % LCso I% 0-POP (22.6 pM) 1 & Lhiis L TRV Z &
BT D&, a-PNP OFERUT L0 Ak K& OVLAE MR A3 B IR EE D a-PNP [ZHR
i, TORER, a-POP L[RIERIZT A b — 2 AREEOIEMAL 2 L CHIRR G E
ETHETIRENZ, 6D ENG, o-PNP IXEKRTT 2 OHFTRD
BERICEYD 1 DTHY | £ OEEFELUIARE KL OUAE R IS5 L TERA 72/
TERZERT D10 A7 % BRI ERRBEnT,

AFFENZBNT, BIEA PV ADFERI b= B U7 EEEREDK T 23,
a-PNP (C X D7 AR F— ZFFEMFICEE+ 25 2 L 2R LTz, £72. SK-N-SH
MR D a-PNP ALPRIE ROS DPEATLEZ B E i 2 L, & O JTHEITTIR K Ot A
felo> MDPV TR A 7 = R i AL BES0 L8 N BHE 0D 0-POP ALBE 21T - 72 BRIC &
MR S 7e 198D XL IZHTEIZE VT, PPs OEHRIL/KFRHEE & M4 N
a7 & OV ROS DPEA TR L ORICIEDOFHBEANH L Z L2 ENI LTS, &
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NHDZ &b, PPs OEGHRAKFZHR T ROS DREEAIZIS T 5 HERME I
DREKRFTHY . £D ROS DREATUEN G & 4 & 7g o THFRGHIE T R h—
AEHET D RIS, BRI T 12 X D ROS DFEAMFFIZ DUV T
IREARHTHDLN, BF /) kDT /) TIV TV AR—F—DRERLD
MUTHED |/ T X UMW E O RV 75 ROS DPEAICE 595 Z L 3%
INb, s, FowEaxHWEEZERICENWTAZ 724 I OREIC
FOMAE 7 I LV OIR T R OB{E~ — 1 — O¥IMD R S iz 2 & 199
WRNZEEMIZER =2 RAIVEOB VT RLF U ro/ha b7 v AR
— X —Z KBS E T~ U A TIEATHIR K ORI R ECE DR JE IR N T
FEAERR S EEIN T 5 Z LR ME SN T DA N TH D ), -, ZoHwBicth
. E/TIVETURAR=F =D/ v T U ML KRMRED FRiREIC
BT Bel-XL DFBEND L, B A= 3 RO A 8—F 9 OIEMEALTH
SN b rRanNTWD, 2O/ v I T UMY VRIIBITLT A=A
B F OEIIAEORRFER EFL L THWDH &b, BRI TF /) Ik
LHE T I MR EDE OB TR IZ 51T D ROS DREEATLEKL TN R
v R TR E 2 BERT 2 EE 2 bniz ¥, 728, o-PNP IZEK T % ROS
DFEETUEFIC OV TIE, RS v ok, X har KU THROFER, 7
T2 I MDMA IZEBWTBIESND 7 U —T VAV RE~DEEREIZ
DR O AREME 2T B 5 19180 2 = CTHIE, ROS MEA DO FEM 7oty % fif B
T all-trans VT A UEERIC K 43 b S 72 SK-N-SH il & O EE 2 ik
MlEZRANT, B/ 7 IV R T UAR—F—IZHTHEMA T /7 OfEE BRI
BRH T 7 BRI BIT AMENE ) T I ER T Y —F U h VT
KDERIZ DWW T DI EIT > T D,
Ry b7 my MEH T ORES., o-PNP LBRIX ROS I X 2 IR E BRI ER T 2
HNE Al 292 Z L 3R &7z (Fig. 29A), HNE Ozt & U<, #hfk
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AN O Ca? EFMEDkAE, I b= RV 7 EEEREREH L O A/ 3— 8 OTE M
LRGN TN D 8118 =50 Evh, HNE FEAEIZ X D Rl ORISR
o-PNP FEFEMEMRRMAL T R b — 2T ICHET 2 LI, 4EOD
SK-N-SH il O EERTE MR EIZ BT, a-PNP ALEE X GST {HMIC B A KT &
727z (Fig. 29B) & D HNE 2ol 4 A EICED &7 (Fig. 29C) Z &
35, o-PNP ALERIZ X ARk L 72 HNE (X HNE 3B cEERIC L 5% e kW & GST
(24 %5 GSH-HNE #i& & (GS-HNE) OB K> THRE S D Z RS
7z, O’connor & )z ki, 5 FEOT L R MRTEESE (AKR) A 23—
(AKR1A1, AKR1B1, AKRIC1, AKRI1C4 };T* AKR7A2) |% HNE % 7 /L= —/L
R~ BT HBERIENEEZ A L TRV, FICRMIZRHIET 5 AKRIAL KT
AKRI1B1 [3ftho> AKR &l L TV HNE B oiftE 2 v+ 2 2 G LT 5D,
JNZ T, AKR1B1 |% GS-HNE #3%7C L, HNE & OF GS-HNE (Zx19" % Km fEi%Z
NEI 9 K34 uM LKW Z L2225 HNE & GS-HNE |3 AKR1B1 @ FE /2 EK
NEEEBEZ 6D, N EOHAN S, AKRIBL TR IZF:\ T HNE

T HEERMETH D Z &, WONT HNE ZITIE O FIZ i a-PNP (2 X
% AKR1B1 OFEBIGI KO/ SUIRNEHALD B 535 Z L PRS-, — 5.
GST DOFEFE I CTIHE SN 5 GSH 1T o-PNP LEEZ & » Tl L7 (Fig. 30A),
Z DX D72 GSHEDIK NI MDPV LR A AT o I IFMiIZ WV T b [AIER ICBIZE S
Ty B KBRS 5 GSH B3R 0 Real-time PCR 1% K& ONE LR E O
FERND . y-GCS OIFLIHI (Fig. 30B), GR IEMEMDIKL T (Fig. 30C) }& Y HNE
LEORREME{LT VT B ROGSTIZ XL 5 GSH & DFEAICERRET 5 LR S,
v-GCS FE BT O OFERIZ OV TUI AR TH 523, GR RIEMALOER & L
T HNE (2 & 5 NADPH {&f7#)72 GRILEN B 2 b2, h b2 Enb,
BEA T 7 2L D HNE JERIE GSH D HIlRLE Db o 72 BIA & HE %2
STz,
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GSH 2Nz, b & o080 v, B AF VU E RNV AT A PR
HNE OF5EFAMLTH Y, HNE IZ L > TEfMiZ% T4 o X7 HiFaexF -
TaTT Y= LROF— T 7 VI K o THR SN D Z ER BT
% 166360z, bR 2 FED X LRy By RS IIER L A b L AT B AR
TREERICRE W TEEREREH ZH I LB LN TV, KO FEZ L5 AO 1
& LT, a-PNP LEEH ROS DFEATLHEA ST L THEEHIILD 7'e 7 7 Y — AiE
HEg st A— 77 v—2EETL2Z 2 AL, BIfEE T, ki 2
DOLHRFERE DB ROS IC L » THE I D Z &% < OFFEH DG T
I TV b5 8810 Z o 77y — AROA— h 7 7 U—HER G
R T BRI T R R — R B M H 2 & AR LI SCHERITAFAE L T
W72V, DARTRE LEFERR N HE LT 5 &, o-PNP RBIZ L 57 0T T Y
— LRERE DN T IE, 8D ROS ARk L it~ == K [proteasome subunit
molecule beta (PSMB) 1. PSMB2 }; O PSMB5] K (XN 5 OFFERY 7 2= K
(Z 24 PSMB9,PSMB10 } O PSMB8) DOF BN L » T TE 50 b L
Mgy 4180 2 kT a sy MENTORER (Fig. 31) 725, a-PNP ALEEX
AMPK O U VRN Z, A — h 7 7 V— DR TH 5 LC3-1I & Beclinl D
MK p62 HEEORDZ2ER T HZ LRI N, ThHOEELY LT
DA — F7 7 V—FHEERFPEEIND, (1) o-PNP (2 X > TPEA L7z ROS 73

ATP OFEYEIZ X D AMP DA TLHEZ /I L C AMPK ZiEMA LT 5, (2) = oiE Mt

rl&

{t, AMPK (Z & - T, mechanistic target of rapamycin (MTOR) D BHE & NZ i
< ULK-1 U »E{Eif ONT Beclinl-Bel-2 #6447 & 0 Beclinl OTEHEAFHE S 1
DA =77 V=REESNS, £72. AMPK (3 3L —HH 2 HERF
T 5120 OMRRNRHENZI T 2 HELHIEIN T TH 572D, ROS (2L D5 AMPK
EMARIZA— 7 7 PV —OFH L FERRIC I b2 B U 7R OG5 08
BTORBLTHEST ST, 2hbDZEnd, aPNPIZEDA— T 7 V=0
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FHEIXT AR =T R K DL VD L0 ITTe LARERBLERZ /]
7B T DI ORMINRERISTH D LHE ST, B, BT v
LB K Dt o 7 a7 7 Y — LMEREREE K A — F 7 7 U= DFFEICD
WT, T D OARBE 2R BE J OFEM 72 35 5B e 2 AR 4 5 T2 DI 72 0T 98
MLETH D,
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oG

T2 RXFNT I UFERIISRREHEEEZ AL TWD 2 LD, e RE
MDA SNIERICHN O N TE 2, L L b, TOERESF (£/ 7 2
VAR E OFER) OME L A EREER R I ER 2 R T A
bEEAFMET DI D, AR L < WisERICRBEN AT D 2
EbDR v, YT T I EEORKHITH D . BRARIEIER (RERDE
) DEEFEO T LI THIEMEDIRR IS W TUIA A TH D720 LilE
RDOFEFROFAEE R LT REFHER RHME A0 T D, Fio,
A F ) AT OWTIEFREIC LV BEZ < OFERERPFRINDL Z LN
HAONZR > TNDIZ ML BES Z O R EMIRIEEH ) bR R T
HHESNTWD, ZOXIRRPICHLERE LT, ERL7 =X FAT 5
EROVER K OB IZOWTREICARAZZ SN Z . 2B 2GR
PEZEIR EITRHE L T D OO, ZOFEMAVHI LT 2 & 23ME A A
I X DRI B OGLAR R it e VWO 1 D ThHEZx LD,
F7o. BWERZIER T O 2 i & BT Y O Hha ik O 2 B & ORI
WTEERERZRZTETPHSND, £ TRUETIE, 7=F LTI
R O T S ORIE S IERS T O 2 B B9IC, I IR & Ot b
Z HLD AR & 7l AE 22 IO TR 4 BRET 2170 LIRS R R 21572,

1T, MREE R OHIIEN NO OZECER LTI 7 h 730k b
A& N BRI T 2 B LT, LFOMAEZ/T, £, b0
TR S D8R % Fig. 34 IZEKIT 5,

1) 7 87 AT H AR—EBREOIEMALZ /LT HAE fifad 7 R h—

A L, £ OME NI EMEIZFERIC 7 = 2 F L7 I Es 2 AT 51t
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2)

3)

4)

5)

s R

\

/ -HSP70: Sibutramine
CHOP r
L3 .
cl He cH, | Cytotoxic |
l% A CYP3A4
Reactlve Mitochondria (CYP2B6)
function sibutramine
Proteasome NH
function l o e
Caspase cascade activation N-Didesmethyl-

DI L g LTI Th -7z,

7~ T 3 1E HAE I 5 LT ROS DPEATLHER ZF FUITLE 5 IS T v

Tk ROEA, I hay FUTEKERE, Yo7 7 Y —ALEROKR T 25
LT

U7 8T I UERIME NI R b — 2 2T A/ MR A R L 2D RS

DHELR STz,

U7 F 7 2 1T HAE fliEN O NO &) S8, O 1 eNOS D F &

KT EORTEHALICER T 5 &R STz,
ST NI I URE OB EMEIXY T R T I R L TR L TR,
7 h 7 2 UREEESE (CYP3AL) DORILE L MuFIEO B A OFEI N 7R

Sy AW

Sibutramine | Aortic endothelial cell

sibutramine

! )

A s e
Induction of endothelial apoptosis

(Pathogenesis of hypertension)

Fig. 34. Mechanism of sibutramine-induced apoptosis and relationship between

metabolism and cytotoxic effect of sibutramine in endotherial cells.
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%2 mCIE, mIERERFOMAZHENE LT, 7RIt MLE
R AR e 2 Al M K O IIGRE TR I DD TRE A a2 T LR
DOFNRLZ=3+7= (Fig. 35),

1) ¥ 7 b7 0% HAE #lfa & [RAARIC HASM FIRIZXF L CT AR b— Y A & 355
L7,

2) 7 b7 I X ROS OFEATLEA M L TN Ca? i E D EH K X MLC &
U UMb aFHR L, L NI O & 255 2 L VR Sz,

3) 7 T I UREIIC L D ME N K OSHIIRIGRE R X 7 R T X & ik
L CIER L 72,

Smooth muscle cell

- : Mitochondrial
Sibutramine ) —> — “dysfunction

Caspase activation

Endothelial
*
l """" > | Apoptosis
%
A
MLC phosphorylation —> | Contraction | = > Hypertension

Fig. 35. Mechanism of sibutramine-induced apoptosis and contraction of smooth
muscle cell.

% 3 T CIL. PPs OIS L CEHLS KT THELHL 720, 10
FEOFMARFE Z VT PPs (2 X 2 fMiia g O &1 AR BT 21TV, LA 4
a5,
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1) PPs(Zkf L CHLEWE, ME G, <0E LR ORI L sz M &
T~ LT,

2) PPs O X ESIRILKBHOMES 4-7 4k, 34 -AFL Y
X AbIic L > THKR LT,

3) o-POP FHEIME N AT R b —3 2% L CEb A b L ADOFERENEE S
T5HZ ENREEINT,

B4 O, MIBOFIBLEREICER L. b MRERHIIR A H T o-PNP Of#
A5 AV E ) B O IC DWW TR 2 SRt 21TV BUF %R 21372 (Fig. 36),
1) o-PNP X ROS DPEATTHE, 2 k22> KU 7 BREREREE K OV AUICRE S B AR

—BOIEMELZ I U TR T AR F— A Z3HE 3 5 LRI,

2) o-PNP [IREIEEALIZ L > TAE LU D UGMET VT & K HNE DA Z e L
= DO L L C GST 12X 5 GSH MIMAD IR RIE S duTz,
3) TuT T Y —LKOA— T 7 VgD o-PNP SRS T AR —

ZDOIMHNCEE-T 5 LR ST,

4) oa-PNPII7u77 Y —AREEE LA — N7 7 U —ZFHE LT,

b, 7 b7 3B EA N L AOFHERICL D mMEMIEEERZT Tk
<. MEWNEHIRLO NO PEARDIR T KO ORERA T 5 E F-E Ffd~o
NO AR DA %I LT, miEEOIERISIRE L BE T 5 2 LR Sz,
F 72, PPs (XEHIMELIC L 0 EOMILFEESEE L, 2 0EM#F & LT ROS
DPEAETUHE K OPURRALBRE O FEN e Sz, Zhd ERl7 =2 F AT I v
FHERFEERTF O R CE -2 L, EWTFERIZEH LW NS LT
Z LA, ERE R OETE AN RBLE N b AN RERA GOz LB X
5, bbb, GSUREMOGERIEELTER T D LTI BEREER-E5 2 LN
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FREE 2D . FRIZZ DFHMII —E TRWHEMIZIB W T, D DEG RS

SLHOBIIEIZEER D Z LR S D, E7o. PPs OREIETEMEFA BT s K1

EHILEMIC X D fEREDIRZ R L TRV | SBEBEENTHRINDHHEE

A F ) AL DR E TSRO HF G T 20D EELLND, SbIT,

EHFH DFNIEHCH FH DIGFICB W T, Eit 7 =32 F A7 2 VFERIC X

LAEEFRZHENO LR VIHTD EEZ LN,

Antioxidant property |,
[GSH amount @

\ 4

X\

i N

Mitochondrial Proteasome
dysfunction function
l' o Unwanted
Caspase activation compone nts f

v y

GSH synthesis & reproduction @ consumption f J

Neuronalceﬂ\\\\\

& Autophagy f

7

Neuronal cell apoptosis f

\

T

Fig. 36. Mechanism of neuronal cell apoptosis induced by a-PNP.
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