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58 : Propofol 13, GABA Z&{EZEME LREER LR 7 #IRNAEE Th
%o BAE, MEMEROIENIZ, RELE 2 SICBT 2 MMRAEBERPER &
T3, HRMEBEROEFE LT, RMORBCBRREROMBERAR X
VEREA R L RART R b= ZOHEIERZ, B LR TWAHH, FEMIZTH
DEETHD,

—JF, A— b7 7 D—iEBRTECY 7 BOBERA R 2 EE EEE T,
PR OEFS AT L L LT, BECEEOEREOEFICLADEGRRT
D, e, A= 77V TR IV RO LRI 0T AR L RE
THRZENTE, TNICIV S FSERRBIEET D, £2 T, RFFETIT
b NERIEREE SH-SYSY MilRE AWERRFRMEA— b7 7 DIl 3
propofol DFBFEIREEROCEE L FOEREFFHBICT A L2 HIE LT,
SH-SY5Y #ifa% FBS REFHBRICTHEREL, A— 77 V—%FH L.
Propofol 1£ 0.5 uM, 1 pM, 5 pM EE %, 1-24 BHEAE L7, TR F—RAD
M & LT caspase-3 EMEERIEL, A— b7 7 P—0Fli & L THIRE p62
BLUA— b7 Y —LW LC3II #BIFE LK, &5HIZ cjun N-terminal
kinase (JNK) VU »E&{LEER L T8 AMP-activated protein kinase (AMPK) &
HEREL, MBI CaZt L NV DOEBHEEE LT,

BEBERRICIVA— 77 V—2BR L72#IX. FBS §HERRICTE




i L7 fERalo b, FERRE M p62 1ZIET L, LC3-II DN L R caspase-3 7%
M. AMPK . JNK U VEMLA{E#E L7z, La L7285, propofol AEid, {&
ST LB — T 7 U—HRCHD LI IR p62 2 L, Sbi, A
— , 77 U—FERIZL VN L 7~ LC3-II, caspase-3 J&IE, AMPK, JNK V >
B{ktd propofol MEIZ X Vb Lz, Ei=, HFEA[CaZ]i L~ id propofol
LB X A LT,

PLE X Y. propofol IXMEFRFBFRHMEA— b7 7 U—ICx L. MEENICaZt]i %35
&, AMPK EH(S L O INK U VBMERES M%) 5 Z & T, phagophore
R EIE LA — b7 7 O—FRIC X S MIREE 2% L7z, Propofol 137K
P = ARERIEAR B L RACH T HBEREERE TR ET TR{F—r7 7Y
—HmBICLSMRESIIN L THHRREERAEZR L, propofol MREEHIIER

EETAHIEIRENT,

F—U— . EEBEHEMEA— 7 7 P —, propofol, FiRIEHEEH




Propofol 14, GABA 7 =X M Th ¥, Fifh, LHMEEOMRT L 87
DI DITIE B 2 EEMERE, BIRNRBETH D, £, IHE, B
ERDIEMC, RE L% TR 2 MHREEERASEE S BESLTY
% 19, Propofol X, GABA ZAFEEFE L, #HREAE~D Cl- DA ZEHET
22 LI X DRI DR DE SR E 5| & - LaREEOME 2T 5,
ZOEMICED, REORBPLBRAHEBEZINHT 5700, HEECR O THE
REEERETTZEBHEINTVWS, E£72, propofol 1%, HifgRN~7 I —F ¥
ANDAIR Py — LRV EEA ML RPER L, MIEREERCBTY
% 48, BUFZERRITIT, MIas 0N F I UEREESN ER L NMDA 2248
FIE$ 5 Z & TERIEESIEEZT Wb T3S, Propofol 127V —2 %
NE—RTBILICL D ST I VBEOR Y ALHEE R B L, NMDA &K
R 2 I LARREIER 2R L7 9, E7z, propofol iX, 7 h—3i A HIAASE
EIHI L. MBIAREBERE R T I EBRES LTV 19,

A= b7 7=t el T AMREICEE LAMREED 1 OTHY,
BUEREFDAETEL AT L 8 LT, S PREDIEFEEDHRICNADEMRRT
H5H 18, =R 7 VI REL BT MBRERS T, HETHZLIZLIVIE

EHEOERICERT 5, MREMBEOBRZA— N7 7 U—ik, #EHRICE




EBEE525 69,

Propofol @A — b 7 7 U—IZx+ HEFEOHRITHERE I N TV D, 7 v
MMM E 7 ~D propofol LEIL, A— b7 7 U— R LIESOEEY A
AOWAMEE R L D, invitro RERTIX, BRBIKFEFRMEAS -7 7 P— 0
FERRIEZEITHT L, propofol IZANIRIRFERAZ R L7z 10, LonLiedis, (KBS
BECIVA—- b7 7 V—%FEH L7 COS-7 #RIZN L T propofol X, 77—k
77 P—&E#E L7 1, Propofol I — b7 7 —lZRt L, ke RIERAERT
LHTHD,

F— b7 7 V—DERICBNT, MBEEEROZ TS v Fat—t s
VLI RBOBFERES— 7 7 V— in vitro EFAVERANTOF— T 7Y
—BREBRESEAOREIZHD., LiL, EETEHEIRESIRL
RHZEIE, BROSOWED, JVEFIGEWVIRETOZI— N7 7 V—FEL
L, FEROBERINBMRETOBRR LA — 7 7 P—FE TR AHRE

Th, ERBTA— 77 V—2F/HL., BEEBFRMEA— N7 7 V—iTHT
% propofol DFEfEREEROEE L ZTOEAMFELALMITLIZLEHME

L7,



[Fr3EH7iE]

1. BREERTRL & MBlERE R
SH-SY5Y #lifa (& M#RIEMME : EC-94080304 : The European Collection of
Cell culture : ECACC, London, UK ) #fA L. 10% Fetal Bovine Serum
( FBS: Life technologies, Inc. : Carlsbad, USA ) . Antibiotic-Antimycotic
(Thermo Fisher Scientific Inc., MA, USA) &4 D-MEM/Ham’s F12 Medium
(ForthiZE LM, KR T, 5%COz, 3TCITTHELL, A—FT77
U—{B¥E{EH &~ 9 rapamycin }Z. Abcam Biochemicals, (Cambridge, UK) X
Y B L 7=, Propofol (2, 6 - diisopropylphenol) . dimethylsulfoxide (DMSO) .
‘dithiothreitol { DTT ) IEFIXMETEHAESEKR L VEA L, Cjun
N-terminal kinase (JNK) inhibitor T#&# 5 SP600125, protease inhibitor
cocktail (PIC) & #%& . phenylmethanesulfonyl fluoride (PMSF) .
deoxyribonuclease (DNase)ld, Sigma-Aldrich Co. (MO, USA) X D jEA L7,
Propofol & rapamycin {2 DMSO T 1 mM %#1Ef L. BEFE LERORICE

ERERES L.

2. A— b7 7 V- DFERB LUEMLE

F— b7 7V—ix, FBS ~EEFBSG)® D-MEM Ham’s F-12 medium T



SH-SY5Y #Mifa% 1-24 FERIZE LFEFK L7, FBSODATEE LML
FBS(-)control & L, FBS 4% D-MEM Ham’s F-12 medium TE#E L7=#ifR%
FBS(+)control & L 7=, Propofol 8 & Uf rapamycin i% FBS(-)® D-MEM Ham's
F-12 medium THEEICHRE L, HFRIE L M} LT, £, SP600125 I3FH

SLED 1 BFEIRTIZRIALE L. % D% propofol = 7-1d rapamycin & FAE L7z,

3. Caspase-3 JEHEDHIE
SH-SY5Y #Bff 2.5X 105 cells/well & 6 /X collagen coated dish( ASAHI
GLASS Co., Ltd., Tokyo, Japan ) T 24 Brf#2% L7, Propofol ( 0.5, 1.0, 5.0,
10.0 uM ), rapamyecin (2.0 pM) , SP600125 (JNK-inhibitor) (1.0 uM)T 24
BEEMEEEE L, Mgt Ly, PBS(137Tmmol/l NaCl, 8.1mmol/l Na2HPO4,
2.68mmol/l KCl, 1.47mmol/l KH2PO4, pH7.4iZ T L. Cell lysis buffer
(DTT &F) THREFEREZMH L, MREEKI caspase3 DEETHD
N-acetyl-DEVD-7-amino-4-trifluoromethylcoumarin =~ (Ac-DEVD-AFC

Kamiya Biomedical Co., WA, USA)% FI\WCIEMRIE SR LT,

4. FA—Fr 77 TV — AR LC3 I DEIE

SH-SY5Y #3880 4X 104 cells/well & 96 7 collagen coated dish (ASAHI

|



GLASS Co., Ltd., Tokyo Japan) T 24 #Ej#%# L /-, Propofol (1.0 uM, 5.0 uM)
T 3 5 E % accutase THEE % dish £ ¥ 1343 L. Muse Autophagy LC3 Kit
(Merck Millipore Corporation, Germany) @2 b 33— /LIZREV, FEEER A —
b7y Y —bEHE L. i LC3/Alexa FluorR555 EZ AV TA— F 77 =
Y — LN YEEE % Muse cell analyzer (Merck Millipore Co., MA, USANZ T

BIE LT,

5. HIEEA p62 HFIE

SH-SYBY #ff> 5.0X 105 cells/ml % 6 7T collagen coated dish (ASAHI
GLASS Co., Ltd., Tokyo, Japan )T 24 83 U= #%. propofol (0.5 pM. 1.0
M, 5.0 pM), rapamycin (2.0 pM) . SP600125 (JNK-inhibitor) (1.0 uM )T
BEL, MEENEL Y BEBLLE, EBEARZET, PBSITTHR L, RIPAcell
lysis buffer (PIC, PMSF, DNase &) Z I 2 MBIEER 2B/, MIREBRI
p62 ELISA kit (Enzo Life Sciences Inc., NY, USA)D 7 1 b o — L{ZHEWBIE
L7-. 7. Bio'Rad Protein Assay (Bio-Rad Laboratories, Inc., CA, USA)T

BRAEERZIT-T.

6. AMP-activated protein kinase (AMPR)/EHEAIE



SH-SY5Y #HAE 2.5X 105 cells/well & 6 /XD collagen coated dish (ASAHI
GLASS Co., Ltd., Tokyo, Japan) T 1 BisE L=, #®%#. propofol (0.5, 1.0,
5.0 uM) |, rapamycin (2.0 pM) T 1 BERE, 6 B, 24 BERIER L, Mt E
LD, EOLLE, EEAZET, PBS IZTHE L., cell lysis buffer (PMSFE,
leupeptin, pepstatin, DTT &) &0 % M K 2157, HIIRE A X AMPK
Kinase Assay Kit (Cyclex Co.Ltd, Nagano, Japan)D 7" 2 k 2 — LT HEWEIE
L7, E7. HIERESEIX Bio-Rad Protein Assay (Bio-Rad Laboratories, Inc.,

USA) TEAEER®IT-o 7,

7. MAPK U »ER{LBEDRIE

SH-SY5Y #HAE 1.0 X105 cells/well % 96 /U collagen coated dish( ASAHI
GLASS Co., Ltd. : Tokyo Japan )T 24 B:ffi#Ea# L7, Propofol (0.5. 1.0, 5.0
pM ), rapamycin (2.0 pM) | SP600125 (1.0 pM )T 1 BefEE®R LT, T D%,
PBS TR #%, BEHETHE L, BEH. EE L. Cell-Based
JNK(T183/Y185 ) ELISA kit (Ray Biotech Inc., GA, USA) 2TV v Bk &R
7z INK B XU total INK Z2BIE L7z, INK U VBT Y VBRE INK &

total INK OI{E DL THBHAE L7,



8. #BAary Ca2+ ([CaZ*lD)lE

[Ca2]i BIEX. I U LEAETE Fura-2 AM VW 12,  SH-SY5Y
#liaiX Hepes-Tyrode buffer/0.1% BSA (140 mM NaCl, 2.7 mM KCI, 1.8 mM
CaCls, 12 mM NaHCOs, 5.6 mM D-glucose, 0.49 mM MgCls, 0.37 mM
NaHsPO4, 25 mM Hepes/NaOH (pH 7.4), 0.1% BSA ) TIFHE L7~ 4 pM Fura-2
"C.60 437/, 37 °C Tloading L7z, #EZPI[Ca2+]li EfREZ (L iX Meta Xpress Image
Acquisition (Molecular Devices Co., CA, USA) T, Fura-2AM D& 7 v

ZHIE L,

9. ®EEt - MEHT

FETAE & LT, 3L EDHE: (ZEE) 13, one-way ANOVA THERIZ
BEVWHRHDINEIPBEL. KT, FBS(control = ho—/ & LT
Dunnett’s test #1772, F72. 2 BHEIL unpaired Student t-#REZ TV,

FhER p<0.05 2 FE L L,

10



[fE%]
1. Caspase-3 iEEIZ®3 5 propofol DIEFE
Caspase-3 X7 AR h— I AEMHREBIZBITAZ I/ ¥ — B AR—ETH Y,
FOEMEIT R F—ADTLER T, Fig.l IZ propofol (0.5~10.0 pM} %
24 FEEALETE O caspase-3 {EME %R U7z, FBS(+H)control ix FBS(-)control 2k
N, FERBAOERL, TR N—VAEERR LNz, 72, mTOR HEAIT
HYA— 77 O—REERNHRE I T3 rapamycin(2 pM)DLLE 131,
FBS(+)control & HLEXT 5 & caspase-3 EMEOHEMAM R S iz, Propofol (1.0
pM, 5.0 uM)#LE X FBS()control & B LFERBAEZRL, TR M= 2
HfE R ARD iz, propofol (10.0 uM)ALE T caspase-3 FEHEIHIVER X
Rohiphoic, TED, BL%U)%%“@H\. propofol 1% 0.5-5.0 uM Z 5
kb,

BUZITR LERATLED, 3 BRI & W 5 ERfEEICBWWT Y, caspase 3
i& 12 . FBS(Jcontrol T 42.60 £ 2.47 nmol/mg protein/hr % 7R L .
FBS(+)control &, 27.13%+3.79 nmol/mg protein/hr % 7% L. caspase-3 IHMERL
S HERD BT (p<0.05), 3 RERIHEIZRBVTY, HBHEFO FBS REL WD

ERBHFETT A - AHREEVRFEFR SN TV, FBS [REFEIL,

BEROATODEREL VW IBELREEIHIV ANV FTHIHN., M

11



BEETFNVELTAERATHD EBbhi, £/, 3HA Y Fa—a s
75 FBS(propofol 1, 1pM 4LE Tit. 33.837+0.32 nmol/mg protein/hr, 5
pM LB Trk. 26.53+2.24 nmol/mg protein/hr (p<0.05) & FBS(-)control
(42.60+2.47 nmol/mg protein/hr)iZ b, HERBAMBERD bz, LAl Fx
i3 thapsigargin FFRME/NRER N LR EIT5 7R b— 2% 5 propofol
DYERIZDWTERR L7z, Propofol (1.0 uM, 5.0 uM)iZ, thapsigargin {2 & 0 %
b &7z caspase-3 ZHEIZHM L7z 19, Propofol 1Z/Ma#EA b LV AFHERME

HIREEDL TR, A= 77 V— %N T 2HIREBEZ G IIH L7z,

2. LC3-IIizxt¥ 5 propofol DIEM

Fig.2 IZ propofol (1.0 pM, 5.0 uM) % 3EEHMBHOA— b7 7 TV — AN
LC3II 2Rz, w7 04— b7 70— 28BN T, LC31I M, 74AT77F
Unxz ) —nN7 Ry (PE) ILEARETH L LCSI L2y, [REEER 4 —
F7 7V —ARICBE DD, LC3Il OBIIA— N7 7T/ — bR &
EDOHEBEEZRTD, LC3I X, A—bhT77P—Dv—b—L LTEMAENT
W3 1), AREBRTIX, 1 LC3/Alexa FluorR555 Hifs# AWVWTC, A—hr7 7TV
—LEHEHEE, A 77 TV —LRNOENEE ZEIE Lz, FBS()control iZ

e, FBS(#)control 1%, EXEEOFELRBINBE LN, FBS BREICLS

12



EREFWREIA— D77V —2RBEER, LALARNE, FBS()control 2tk
X, propofol (1.0 pM, 5.0 pM)ALEIL, A —F 7 7 TV —LAAXNRIEEDOETER

W2 R 5, propofol IZ X VRSREFHMEA— F 7 7 U— i3l ki,

3. #BEMN p62 IZxT B propofol @{’Em

P62 37 =R M/ —A1 L THMLNEY, REMEICER T SMRAFZ S
7ETH D, MIaA p62 DIETIL, p62 24— 7 7 IV — LERREMLIC BTE
Licleizd— b7 7 O—RTRE L b O LRI v, HHREAN p62 DML
— M7 7 U—RMEI LTV D RIS TV B 1619, Fig. 3 IWIEREFBRIEA
— 7 7 P—HMERIZHT B propofol (0.5~5.0 M) Z X I p62 ~DIEF
ZR L7z, FBS(+H)control & tbE: LT, rapamycin £LEFBSH))IL, 3 BEE. 24
FFfE] & BIZHERER p62 RERIELS L, F— 7 7 V—OTLERTINT,
FBS(+)control i2 b2, FBS()control rX. 3 FEfE. 24 BRI & b IZHIARN p62 A3
BRI L, A— b7 7 P— DTN R Sz, F72, FBS()control iZ L,
propofol (1.0 uM, 5.0 pM) @ 3 FEfIALEIL, FE 2 p62 DEMM R b, A—

F7 7 O—DMEIRR NN 24 BEABETII . BEEREIR AR T,

4. AMPK JEH£IZ %9 5 propofol D1ER

13



Fig. 4 IT propofol L& - & 5 AMPK {&EME~DEA %R Lz, FBS(+)control &
SRR & 2IZ AMPK OFEIE EE SR I, FBS(-)control i&, FBS(+)control
N B LA RO, AMPK 1Z AMP,/ATP B ERIZ & bR VENE
ftandedlc, EXRBRET, AMPK OFMELEAENELELEEDNS,

FBS(-)control iZtb~, FBS(-)propofol (0.5 uM)iZ. 1 FEMAE CTHE B
R+, FBS(propofol (1.0 pM, 5.0 pM)ALE L, 1 85, 6 Bef. 24 FEfEA
FaX—arC FERBOBELNE, LirL., FBS(rapamycin &LET

. BERERRD N7,

5. MAPK V »E&{LEEITHT 5 propofol D {EM

Fig. 5 IZ FBS(-)3ERIZ T SH-SYSY flfE & 5538 1 Bt MAPK V B:{LEE
%7~ LTz, FBS()control iX, FBS(+)control iZt~, JNK U VEHL DB B /2YE
MAR LN, LrLRBE6, FBSOHEEIRIC T SH-SYSY Mgz & 1 KHE

%0 ERK 5L 0 p38 V) VEMLEEDA B RBEIZR bhiiote,

6. JNK inhibitor ATALEIZ & 5 p62 IZ%3" 5 propofol MEE
IESEERIETINK ) Bk, ML= 2 & XY, Fig 6 IZ JNK inhibitor &

AELZ & B p62 1259 D propofol (0.5~5.0 uM) DER %7~ L7z, FBS(+)control

14



{2, FBS(+)SP600125(INK inhibitor) BTALE Tik. ALK p62 DE E /i
MBER G, A= 77 P—WEHERBS R b, INK 34— 7 7 O—{RIEME
BErTHLo RIS, £, FBS()propofol 1.0 nM AEIT & 2 HEIZ A p62
DL, SP600125(INK inhibitor) FiALE T, B2 HEMAFEDH 6h., JNK

BEICRD, A— 77 D—HRIBELLEER DN,

7. [Ca2t]i =543 propofol D ELE

Fig. 7 1. propofol LB iz L B [Caztli ~DEA Z R L, [Ca2li X
FBS(-)propofol 5 uM #LE(X, FBS(control 2k, AER 20 ##&05 250
#E T,

BEA LKA BT, 9 10%DFERFD(-test: p<0.05) D3R b7,

15



Propofol (IR TITIBAVEBE CHEAZINL TR Y, HREEEY, EFHREET
i3I I E T 2~6 pg/ml (10~30 uM) TEHREN D, L L72eA 5, propofol
L2 237 L DFEEERE L, 50%NIRMMIRE 48% B3 MIEF /37 LS
LTWB), free propofol IX 1.2~1.7%iT725 19, ZTO8H, SEIDERT
{5/ L 7= propofol 0.5 uM 225 5.0 uM it FERERRFOMFEE LIEE L T
B EEDLND, SEDERIZIBVT, caspase-3 FHHEIX FBS(propofol 1.0 uM,
5 uM AE Tix. FBS()control iZth~, FERBAMNR O, TR b— A
HITERANTED bhizh, FBS(propofol 10 uM Tk, #HERIIR bhado
2o EEERBEFRIBE X ¥ bEIRED propofol Tix, HMRESIERMNAEL 5 FIREMRE
bEZ b 202,

Z— N7 7, FRRFEICREE LRSS THh DA, HERROATE
VAFAE LT, EFERSICVAREGRRTH S, A— F7 7 V—IIRE
PERIZ LV MIANOESFTT VA MTHEE N, B BAZHE RSO
f/NRE R OET AIEBFENDERES LEX b TER, LrL., FF, M
AT S 20EE (HEAE72IEMEAR P AREFICEGL T, Sk,
ERFRE, ERAMVR) 2%, FELR-LI bar U7, Mian

CERALTEREER 2 RRGICHME, Bl BEICHRNOESR



HEOMEROEDITBNTWAZEBGPLoTETNSE, ZhbA— 77V~
DWHEIT, BACCHERE, HREMRESER R ERITILnREEN
TRY, = 77 V—DEFEEZ T TR, SEIEREACBWTE
BRREFHSTNAZ ERMLN TN D 29,

REHERETIZ, AMP/ATP B ER L, AMPK JEHAEMT 2, {ERERE
BILUOTRAF—TRTOERA— M7 7 V—FHERKIL. mTORCL(HHIEFT
s8R 8y BIEAE 1)OMAIIZ L5, ULK1-Atgl3-FIP200 #4
ROERCEIN AR TH D 2829, mTOR 13 rapamycin NDIERISF & LTCHRE
Sty AVF=rF T —E T, MEOSEPETFR EORENIC L
RERERETEBEZLNTND, mTOR ICEOPDOMDZ LT EREEL
THEEEmMTORCL, mTORC2) %2 ¥ 5, Rapamycin 4 FKBP12 & > /3%
HiZHE L, mTOR iK#A LT, mTORC1 #fEET 5, mTORCL i, T
I BREDORBRRL AN —RE, HBERTFREOBEREHKSL, =L
F—EACHBABPEFRE LA LT 5, mTORCL X, #BERTFCHRE
EFORAE RO I > THIFEEFED > 7 F ARkl L &2, RBERET X
NEF—DEBEBRTRRHD BRI L, o7 BCREEDAMERELT
AR R EITT DA v F 2 AND o, BAMBRTIXHEERRSTT,

mTOR EEH|D rapamycin IZMBAERZ2RTIENBESNL TS 20, X

17



512, ULK1 i Beclinl-PI3 kinase classIII-Vps34-Vpsl15 HEA M & fLiz/Nad
iz PI3P # %4 L. phagophore R BAE N, KB LA — 77/ —
LB FREEIND, RE, SHOERIZBVWTSH, BRBRETHD
FBS(-)control 1%, FBS(+)control iZtb~, AMPK DA R 57,

F 7, ERFBREIZBWT, propofol #E X AMPK Z#f L7z, AMPK i
CaMEKKB iz L9 U VEEb &N 543, CAMKKS (%, Ca*lc LD iEH{bT5Z L
BERE XN TN A 2128 Fig7 IR L2 L 512, REBRIZBW T, propofol iXH
far[Cazt]i 2ETFT &¥7, Fax L, LLET. thapsigargin 2 & 2 AIEM[Ca2i
N % propofol AAIHIT 2 = & 2 L7- 19, Propofol id/MNafEiE £ IP3 %
BEFICERL, DREED»DO[Ca2]i EBEZ IR T 2 L EZbh TS, AMPK
A Ca? iz X D IEMEET 2D THILIE, propofol IZ & 2 HIARFI[Ca2tli DB,
AMPK Z#iffil L7c Db LIv7auy,

BOYELRA— N7 7 V—EED 1> Th D SQSTML/p62 k. KEHERRIE T,
BONCHEEN DD, REBOERRIEKETIT, SQSTM/p62 1E3H L,
53 578, SQSTM1/p62 DB L ~NANI— 7 7 O—iEEE LT LK
SHCFE LT ER|mEEN 29, LaLRnb, KERTIZ, ERERE
TOF— b7 7 P—FROHIT, 24 BFHEEZELTHTYH, p62 OEMIZEE

=Y ARSI TN i

18



~J., SEIOERIZIEVT, EEFRIEIC L7 1 EEREZEO MAPK ik
TiE, p38, ERK V VEMLIRARLREXIR LT, INK U VBN EEICHEM
L7, 7. propofol 1.0 uM & ix JNK Y W ELEMFI L, INK FREHFIDOH]
B TITHIBEN p62 OFERBMBRD LN, F— M7 7 D—IRHERAR A
bz, €k, INKI 1%, UV BE, Bz v 7 -~ Dfkx 2RRIC &
D, EHEEE D MAPK THY, iT7 AR b= REFZ 7 THB BCl-2 2V
VEMEL 39, RELSETR = X2 RBESF LB, AERIZBWT, INK
U B ERERBREILEBWTA— 7 7 U—REIZBEL S Z L3R BT,
FKEIBIZL 54— F7 7 V—FEII mTOREECHBINERBR L EX BN
T, INKEEBEE LTS & Bbh s,
ERK B LU p38 @V ki, (EEFRE L BEE TIX, FERELRIZIR OGN
Rhole, MAPK OZMIZBRHICELAZ LBV, 1RFLV L ELIC
BWRRICEEPELCTLE- L FABESZL b, ERDMETII, KE
FHO MAPK EHICHOWTIE, BHIDA v F 2 _—v 3 VIERIC DWW TRETT
LHUENRDD L BN,

LAk X Y propofol iMERBHREMA— b7 7 U—IZx L. HBEAICaz ]
b &8, AMPK EHRB LU MAPK @ JNK FHEEME T L0 kb,

phagophore 2R, Z#fE L. autophagic a2 &#F L EH L. HEMERE

19



EMHWER Z 7R3 & BbiLiz, Propofol i2 L A MIIMREEREED 1 2L LT,

F=rT77V—IlL% MIREEOMEHER bR T ENTRBEINT,

[FlEETEK]

ABFFRICRE LB~ & FRARRIT 720,

20
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Prevention of nutritional deficiency-induced autophagy by propofol in human

neuroblastoma SH-SY5Y cells

Department of Pharmacology, School of Medicine, Showa University,

Hatanodai 1-5-8, Shinagawa-ku, Tokyo, 142-8555, Japan

Yasuyuki Kondo, Yoko Ao, Mayumi Tsuji, Katsuji Oguchi

Propofol, a GABA agonist, 1s short-acting intravenous anesthetic agent and
used widely for anesthesia and sedation. In addition to anesthetic effect,
propofol shows neuroprotective property on a nervous system under the
1schemic state. In addition, it was reported that propofol suppressed program
cell death, however, the mechanisms of the neuroprotection remain unclear.

Autophagy is a homeostatic cellular mechanism for the turnover of
organelles and proteins. During nutritional deficiency, autophagy promotes
cell survival through the recycling of metabolic precursors. Furthermore,
autophagy can regulate programmed cell death such as apoptosis and

thereby influence disease pathogenesis.
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The aim of the present study is to clarify molecular details of the
neuroprotection with propofol against the nutritional deficiency-induced
autophagy and cell injury in SH-SY5Y cells.

SH-SY5Y cells were cultured in serum-free medium to induce autophagy.
Autophagic cells were treated with propofol (0.5 uM, 1.0 pM, 5.0 uM) for 1 -
24 hours. Cytosolic Ca2* ([Ca?tli), the specific evidence of apoptosis
(caspase-3 activity), and the biomarkers of autophagy (p62 and LC3-1I) were
measured. Furthermore, activities of c:jun N-terminal kinase (JNK) and
AMP-activated protein kinase (AMPK) were measured.

Nutritional deficiency-induced autophagic cells significantly decreased p62
and increased LC3-II, activities of caspase-3, AMPK and JNK. When
SH-SY5Y cells were treated with propofol (1.0, 5.0 uM), these biomarker
were significantly suppressed. Furthermore, [Ca2t]i was decreased by
treatment with propofol. [Ca?li reduction with propofol might suppress
AMPEK activity, and that prevented nutritional deficiency-induced autophagy.
These results demonstrate that propofol at clinically relevant concentration
suppressed the nutritional deficiency-induced autophagy and cell injury in

neuroblastoma SH-SY5Y cells. Propofol prevented not only the
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neuroprotective property against oxidative stress and apoptosis but also

autophagy-induced cell injury.  This prevention may provide explanation of

the pleiotropic effects of propofol that benefit the nervous system.
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Legends

Fig.l [ERBFRMES— M7 7 U —HBEMIZIZIT D caspase-3 HEITHTD
propofol DAER

Caspase-3 iHEIL. EE AcDEVD-AFC #HWTHEIE L, FBS REREIK
(FBS()) T 24 BrjEE2E% D4 caspase-3 JEMEME L, meantS.E.M. n=6-24) T
7~ L7z, Propofol (0.5 pM, 1.0.1.1M, 5.0 pM, 10.0 pM) i3 FBS(-)iai iz sz L
7o

#: p<0.05 vs FBS(-)control (one-way ANOVA, followed by Dunnett’s test),

*p<0.05 vs FBS(+H)control (Student t-test).

Fig. 2. BREFREMEL - b7 7 P—HEMRIZBI ST -7 79— LK
LC3-1I lz%f4 5 propofol D{EFH

FERPN LC3-II i, anti-LC3 Alexa Fluor555 conjugated antibody % F 1,
F—bT7rIV—bE@H L, AT IV - ANOERLBEZRE L,
FBS FERER(FBSC) T 24 RHERE DA — 7 7 5V — AR LOSILEIE,
mean=®S.E.M. (n=6)"C#H L7, Propofol (1.0 uM, 5.0 uM)ix FBS(-)EE2¥E I
BEELT,
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#:p<0.05 vs FBS(-)control (one-way ANOVA, followed by Dunnett’s test).

Fig.3. BRBFRMEA— b7 7 V—HEMIEICE T 5HEA p62 1415

propofol DEH

AN p62 1%, A— N7 7 AV —LHHEMLICBAEL, A— 77 P—2LED

HERBINS, AN p62 ORI — 77y T —LFBROT-HIZHEHE S

hA— b7 7 P—DORESHE SN D, FBS REHFEFEBS()NT 3 FH, 24
FERTES R O HARM p62 EiX. mean®tS EM. (n=6-58)C&* <L 7z, Propofol
(1.0 pM, 5.0 uMDFE FBSCHS ik (AR L7z,

#: p<0.05 vs FBS(-)control (3 FfE5s%E) (one-way ANOVA, followed by
Dunnett’s test), ¥ : p<0.05vs FBS(-)control (24 B H%EE) (one-way ANOVA,
followed by Dunnett’s test),

* p<0.05 vs FBS(+)control (3 ERiE%E: Student t-test), $: p<0.05 vs

FBS(+)control (24 FEFfE#EsE: Student t-test).

Figd. EEFBFRMEA -7 7 P —BBMBICBIT D AMPK EEIZRTT 5
propofol D{EH

AMPK #&M1Z, phospho-serine specific monoclonal antibody & H W THIE L
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2o FBS FEHHIKEBS(NT 1, 6, 24 FefEaE% O AMPK fEMIX, mean®
S.E.M. n=6-12) T3~ L7z, Propofol (0.5 1M, 1.0 nM, 5.0 pM)i% FBS()#53%
IR LT,

#:p<0.05 vs FBS(control (1 FFfE#EE) (one-way ANOVA, followed by
Dunnett’s test) , %: p<0.05 vs FBS()control (6 BEEfitEsE) (one-way
ANOVA, followed by Dunnett’s test) , ¥ : p<0.05 vs FBS(-)control (24 BERIEE
#) (one-way ANOVA, followed by Dunnett’s test), *: p <0.05 vs FBS(+)control

(24 FE[B5EE: Student t-test).

Fig.5s (REEFERMES— h7 7 U—WEHRICRIT 2 MAPK Y VEbEE
MAPK(JNK, ERk, p38)® U »Ee{kix, V > E1k L= MAPKWUNK, ERL,
p38)/total MAPK(INK, ERk, p38)tt TR L7-, FBS REH#E(FBS(H)T 1
FEEIE R B OE MAPK Y VEE{LEEIL. mean=S.EM. (0=6-14)THR LT,

*p<0.05 vs FBS(+H)control (Student t-test).

Fig.6. (EFBHERMEA— 7 7 U —MRMEL O p62 1259 % INK inhibitor! @
1EH

FBS R&#5#iR(FBS(-)T 6 REFEER OMIEZA p62 B, mean*tS.E.M.
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(n=6-30) T#F = L7=, Propofol (0.5 pM, 1.0 uM, 5.0 nM)ix FBSC)IEiK - AT
L7z,

# . p<0.05 vs FBS(-)control (without SP600125) (one-way ANOVA, followed
by Dunnett’ s test), %: p<0.05 vs FBS(-)SP600125(one-way ANOVA,
followed by Dunnett’ s test),

*! p<0.05 vs FBS(+)control (without SP600125: Student t-test), ¥e: p<0.05
vs FBS(+)SP600125 (Student t-test),

a’ p<0.01 comparison between with and without SP600125 (Student t-test).

Fig.7. Measurement of [Ca2+]; levels

AL E P [Cazt]; i3, v D AFEREE Fra-2AM % AV CRIZE U7z, SH-SY5Y #
fai: FBS &3k C13E% . 5 uM propofol #4E L. [Ca2t); 1%, meant
S.E.M. (15 EmE) T&z L,

* p<0.05 vs FBS(-)control (&% A LA > b : Student t-test).
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