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BEATBRFEN R ELFEDE Y X 7 55 %%),%‘ MEmEE

(BFIERRmEs) ML ET T 5 PIRMER RS Y Lie, 7/ <7 U 747
FoREEROTEFERS
WEAERE AL BE  EVERSROEEHEF LB
FrphE ML BE  ETERRESEATN  EAE
KHAE GHER AE EVEERRSMATER A
KHHE TER B EUEERRLEETER EBH
FrmhE EF K EUERRLLEATER EEH

WrEs

T TIT IV i{kﬁﬁ@%ﬁﬁ%ﬁtb?ﬂsﬁ éwh“@”o@ EBRITFERAMTOA TS, Lz‘n
L, 7/=TU7 VMR EL RIET A8 EHLRIBENTEY, 7/~ T VT LD A~DZ S
RIS ORRE Tho. AT T, FRMERITFFICEEIC L TEHROT, F
*E*$%%$«@%/v‘%)7’»@%3%&%@%7‘_&%16&5 il JBE”Q%DB?L KRIZIZhE
W72 EAER O FHEITERSNLTOAR.

H25-H26 4L, {bitdnray q?.ﬁﬂ%éhﬂ\éf/ﬂ?— T102 & 700 @ffﬂbf\xfm}i@ 5%_5

B, HEMIETT L THDIE PCI2 fH]E@%EFHI/\, ﬁ‘fﬂﬂ@ﬁ;& 7R (LDH RO, MTT {f)é:*ﬁﬁ

R EDE éﬁﬁ%ﬁwﬂﬁ ui%ﬁnﬂ/ﬁ TiO, 1% 100 ng/ml DEEEE TS
%éﬁ?ﬁ)o?‘:ﬁ 1 pg/mL U\L®/)i%rf*$ij<ﬁ_1$u§%7ﬁm RETDER GO —F,
ZnO 1 1 ng/mL VL EORE TR B ICaEE 2 U MEEEE RS20 0.1 pg/mL ELFO
e CHOAR ISR R AR BICE T 2FSN D7 (~ 107 pg/mL).

ORERIZTF T IT D THRAHR R~ DR %@ﬁﬁw%fﬁu ,srﬁkf%émﬁﬁffafdﬁ
B4 AN TTEE 2LEZ LD /\% i7/}\ﬂumﬂé0)fﬁ)ﬂﬂ$fxm%fﬂw@ bxﬁ*é/i\fézv“/v
TITNOEBRNEATILEBDS.

IR ABRBEM DD ohh. —F,
F T ITIVHBIEENDBRESREL K
ETENRAINTEYR], EBICH—

A. WrFEEH
F =T IT N (TT—L v, BT &

Y 1T RAIZ R EEDN00 nmRTEEE
FEINTOB[1]. T /T UTMTRERD
FEMITENE LS EnD,
WM OFRFBMEL THEEINTONA.

HRAECTIETEMAOMBRIIMAT, {bbEd -

HEXI722 B ASCHERELSNTHY,

AT ) F a—T AT HZ L INFET
MERRIEMEZ FFO A REMEN L R X
NTWB[3E]. Tz, T /<TUT LD
BESNOZEMFTMIIBRRORETH
B.

R R R I DR B2y, B



BENZZ LS, IS L CIERICED
THEEVNELTHD. £, BRI/~
FVTNDIE, InOVETy e v 7 S8R
| TRENBREICIVMNICBETTER
MESNTWD[4]. EIUTHLEDLT, 8
BMRICRT T2 ) ~T VT VO EEFE
i 2 B3 230 A 72 FEAI SR IR 72V
MENTWRW. Thwz, T /<77
LD HFARAREE R T HH EVEH O
%Enjéfﬁﬁ/ﬁ%ﬁﬁ%‘éb NE~DIRERER BE
FRITHHEIL, l%@f}%)%%«rét&)
HEHICEETHD.

KEFGE I, AR R R X S

L sl RO SR BT, SEER

EATAMRMADEFT LELTIAS

NTWHPCI2M % vz, PCI2#E e
IR LRI THY, BEIRT Y bR DR
DAY awee i T DALY L AV
STHY, B OMIEIEREEZFF OO TE
B z%fiﬂﬂﬁ’jiﬁ%fﬁ4éﬁ CEDE D
Hiks. BIZiT, ffﬂh,:hxf&w@%mewﬁk
ERF (NGF) Az L0 {b o

A, TR FI L“C%*n‘xﬁi{ﬁﬁ%%
?‘éiﬁaﬁ LA B MDA == I

WHZELFIEETHH[5].

SERY, 25 B i%@é@‘)‘/"?‘)?/b
243k PCL2 MM IR 5 2 508D
FREL, EBICE 2 BB AT ORE
EIFEHEROLELHELL. AL 26
EETEERT /T IT AR RIAENE
DR BRGNS, &R/ ~TVT v
D3RR IS L R | i‘ﬂ/’(’:}xé B
E i Dyl

B. HF5E5 ik

1) AW /=707

ER(LH$h ZnO (Sigma-Aldrich, 721077,
Y 1 RLFEE <35nm)

Be{LFF> TiO, (CIK 7 /7 v/ &0

fit, Sy 1 IR R
kA=A
D 2 FEEE A

=36nm, A—A—

2) ARBERR R OV 51
PCI2HRAALY, [ESTAMFEEEE CHR
ERPICHEBERFEIN TV b D& EE

ELTHWEZ. PCI2HEREIE, 10% heat-

inactivated horse serum ( FE 18 {k HS,

‘GIBCO) , 5% heat-inactivated  fetal

bovine serum (JEfB{LFBS, GIBCO), 50

 units penicillin 50 pg/ml streptomycin

(GIBCO) % & {&r RPMII640 3%

'(GIBCO) T, 37°c 5% COyA{ ¥ %F =
Re— & T L. PCI2HRA I

80% 12 7 LT MR o e R AR
UCHEC Lz, fkREESRRIzI, a5
—JvICTa—rEnBES L —F

(BIOCOAT ®, Bectonchklnson) Z R

7’:_ .
n’*Lﬁji/f&iMT‘O)l_D ’C&;E) IR
Ve ey TR E Ay T4

I LTHEMBLE (MY T v ERL
7R BB~ L, ENEHfTE oV

Y2 PT 20-40 By T 427 LT

 MREHEREF VI AEMCLE.
- 1,000rpm T 1 SyfEL L, LEEET

TH Ux VIS L ﬁ(@ﬁf S %9_“71

3) PC12 MO~ VT U = L ~D
bk 7 2=

A=y 1 Ta—kEnk 96-well
71— b (Thermo Fisher)lZ, 200 pL ¥%
WA LT2ERIZ, PC12 fEfE2Y 2,500
{El/well DEEIZT2 D & 5 ITHISRREIR
EFRE L. B, ZOROREHITE
MIEEEHIIZ NGF %00 2 7= b FES He
YR WE: 1% heat-inactiVatedv horse
serum (FEE){L HS, GIBCO), 0.5% heat-
inactivated fetal bovine serum (FEEI1k



FBS, GIBCO), 50 units penicillin, 50
pg/ml streptomycin, % & {eH5HIIZ NGF
(mouseNGF2.5S, Alomone labs)2¥ f&J8 &
50 ng/mL 12725 XS5 IZlIML. &
well 121 200 uL DOFIEEMELI % &
FEL, MlazE&E L. £0%, MK
F & FERIZ 37°C, 5% COp A ¥ o
—H —THE LT,

- 4) b PC12 Mg ~DF /=T VT
=B ,

96-well 7L — bk TH:E L7z PC12
Wil % 1 BEEE L7212 Zn0 F /KT
BB L TIO, T ENHID T = )VIZ
ALz, BEBlx, obHErrLFE
Uz fER L=, F /K F1x 100
pwg/ml DEEEE LD X DI, B
FR LT well IR L7, HRIZIX
S E AW, SWE 2 BINE,
A U F 2 R —NTTHEE Bk L2
Dok 7 AMRE L. Bt L
L CHRIEE 0.1% TritonX-100 % A,
SRR LT well THERIZE 2 #4E X
T,

5) NLAHZEBEMEE 2 AV iz M g
£

PC12 MR DI FEZEBELE L BE
2 1%, B SZ BB 4E ECLIPSE TS100
(NIKON), & ¥ # )5 A 5 DNI00
(NIKON), 20 f&xt# 1 o X & iz,

6) LDH 7 vEA%BEAV-laEE
AER |
B
- e LDH-Cytotoxic Test Wako
(WAKO)
e PBS (-) (GIBCO)
ik
FIO=TITNE 4 BMEBEL:

PC12 a7 L —r2HELE. &
well JOEEHIZ 100 pl S5->4E L,
BIOF LV 96-well 7' L— MZEE L
7. ZHIZHEAIE (WAKO DX v
- MMEB) % 25 pl/well DEIE THMN
L, T|RT 30 5B/ Fa—h
L7z, R LKSELRR (%
v M) % 50 uL/well DEIE TR
MUTHEREEELELE., <A
77—k —&—"T 560 nm D
SR & BIE LT

MRS EROREE
UTierTaERIcLrRD
7=
 HRBAREE (%)

=(S-N)/(P-N) X 100

P= BIETORNE

N = [RMEETR COWNE iz

R L TR0 well 235458

L7285 65 B B 1H)

P= BB T ILE

RO MREER L ftEhc, W%
MEDOREEZRBEIZLE > T Ty
ML, EBFEEN 50% 225 E%
LD50(50% #faEER) & L.

7) MTIT 7 v & Sk FV ot

R

e MTT (Sigma-Aldrich)

e PBS()

e MTT A# : MTT 25 mg IZ 5 mL

@D PBS () Bz EELE. F
D%, 022 um 7 A VZ —TIE
WPE L 7=, |

e 0.04M HCUA Y 7B ELT L=
—) AT )T a— )
2 17100 BED 4M HEEE & TN



L CTERR L T=.
ik
EARILLDH 7 > & A FICEEH %
100 uL/well OF|E TEIL L7214,

oM V— R ERNWTITo 7.

MTT &% & D = /Wi 10 pl 3o
T LTz. REEH AA % 2 _—
F—RNICEL, 3 KREARIEZAT

olz. EISIERMEET, MIRNICE
HEORNY URENER LT
WOHEZHER L. &7 =/ 200
uL O PBS (-) &Mz, 14MiEE
BWzob, KERSIRELE.

0.04M HCV/A V Fa ¥ V7 )L a—)b
Z200uL § oMz /. SL— %

YA 7u7L—hFIFH—TDH,

10 SR S ¥ CTARKR L e H v~
VU RERISER. ~f7u 7L
— |} U — & —C 570 nm DO HE S
HE LTz,

MREEROREEE
TRORICLVMBEEFREZE
HL7z., ZhEfEs ogkmE R
BIZH LTI 7IcRL, AHFER
DY 50%IZ ﬁéﬁ%uxoabt.
WMIEAETTE (%) ,
=[(As—Ab)/ (Ac—Ab)] X 100
As: BRIEORNE (Mia, #m%

g%i@hﬂT%ﬁ@lot‘

% = /)

Ac: hﬁﬁ%®%ﬁﬁ(ﬁ%%
L MIT BED Ao T )b
W EEL)
Mn77/ﬁ%ﬁf(%%k;
O MTT BB D N> Tz = )Vl
JafE L)

8) MBI O& BRI T/~ )T L
YRR

Bib&B T/ ~7 ) 7t
FRMERCTEBL, ZhoRES
e EBELES (KEE
ELSZ-2NPA) IZ X WiBIE LT,

9) BtHEBEREEL NI T b
A7 Y == TSR K DR SR
& DRIE
9mwnfv~bmpm2%@%%@
L NGF | SEFEEEIT o7z, 5
%155_&méﬁﬁ/v7)7w%
AL Chl EmEBERLITo2. HBE
7 BEIWCHIRAE 4% /ST HKNDT VT
b NCEE L. PBS () THHEE, ~
DA BN Fa2—T Y »HR
(Chemicon MAB5564) & i~ 7 &-
AlexaFluor 488-conjugated goat anti-
guinea-pig IgG  antibody (A-11073;
Invitrogen) & F VN CHERR ZE /L & B0 Y e
& L7z, Z#v & [EIRFIZ Hoechst 33342 (1
ug/ml, Dojindo)% B\ TR & Yefa L7z,
HENE &G - EBEITIE Cellomics
Celllnsight (Thermo Scientific #1) % 25
v =2 T VIS TYT o 7.

(fREE~DELE)
Ze L. '

C. HroeHE R

'-H25 %F@F

])ﬁ#%fPGZﬂ@@%@@@%@
R
P@Qﬂ%iﬁmﬁyﬁmeﬁﬁ
LB ENEN I, MRS 2 H
&i‘a‘%ﬁﬁﬁu LN TWBIS]. ETEER
B ALEAENTIERT - EEE THRERT S
TV = PC12 MR+ 20 hT-
0, ZOREFEIN TV 22
BELTHEFL TV AENENEBET L.



G HE HI+NGF FET (FFEH B
2) T 7 BRI L-L A, EEE
ICARTE ST PCL2 fBEAIE ST/
ok U CRIER BiEmEE R~ 2
EBFERTE 72 (Fig. 1).

2) s34k PC12 Hif % Vo fife EEET
DY AYA .

T =T U T ORI RT S
BHFEMBROBELITOICEL, ZM
EEHAWTHERBIFMTELREL

T, 96-well 7L — FZ2RHWT-ERRE

TOMEINHDEEZXTZ. 22T,
JaE M mIzIZw Vv F 7 =T L—
o CEREMN AR LDH k&
MTT ED 2 BEOFEEZRAWDEICL
7. R '

LDH ¥1%, £9%19IZ LDH (lactate
dehydrogenase ; ?L@'ﬂﬁﬁmﬁ BesR) D1E
Bicky, slgreLr e BIciges
b L FRFIC, B3R NAD 28 NADH
BT END. KIC, FrFado
IDH HEHICHFIL TEESN D
NADH RV T7HT7—EBOBERIERAT=
ra TN —F NIV VT LEETLT
FHREADUKRLVY U EBARTDH. =
O EETAEMBEEIZEESTHDOT, K
FKELZBETSECHIALERFRL 2N
B EHTE DA E O
HREE R D.

MTT &, TV 2586 EWThH
5 MTT ik REZROEBE LAY
RFIFT5. MIAEE RO MTT |3
FIEBIT, IbaURIT AR EEERIC
FoEROEE (L) IBTEN
A ZDEBR LRV BT AN
BICH T 5. ERLIERLVY B
AIA(L4AE T LDH HBERERIC~ Ao
TR —F =X AW A ERE CEE
HEBD T AT TN T L— P VT

EBREITHOENHLRD.

A= T, MTT 1L LDH #EDOZ N
g AW PC12 MO MR
RITTNE TSN TV ed o7z, £
T, &BF /=T VT N N ER AT
FRIERFEL L C, BBkt BB EL Tl
%z Triton-X 100 (FREVEMR]) &= H
VW2 MTT ¥ & LDH ¥E0 EFRFIEfENT
E{ToTl-. FORER%E Fig 2 TR,
Triton-X 100 Z#&IEE 1.0 X10°%~1%
2725 X 51T 96-well 7 L— MR
L, 4 Bobigtic X o mE LT
L7~ PCI2 MBAIZEM LTz, A —
—TA4 FTRESE, BB MIT 7 v
A& IDH 7y & A %2{To7=. D
BR, ThEho LD50 fEIE, 8.6X10°
%, RO, 14X10°%TH BERSD
ST, ZORERIT, KFEETHE
PC12 ffa~ DB f 25~ LT
e LEROVTCENRTITAS I L%
RLTWA.

3) &BT /~TITADOLS AL E
iF3 2 WL TEROBE

BT/ T VT VSRR CREL
T2 WHTFEBRTBEAVHD. 22
T, LT ER T/~ T I T AR
BL, ZOREICBITS 2 WhTE%, B
BB ESHCIVIEL . (B
FiEESE) | 77k, PCI2 Mg RET
DEFICHEIREDSD, HbEVE (100
pg/ml) 1272289 TR 7= S v % )

BRIV, TOBRER 1 IR 4

{LESH Tl TiO, & ZnO DO FIZRB W
T, PRI RN 1 AL TRV E K&
BEE72 > TCNAENS DT, ORI
TiO, & ZnO DFINFEIDN 2 IRKLFEL T
AL I FEEL COAEERL T
5.



4) &R/ =TIT D5k PC12 Hila
23 AR KR AT

B%1Z, TiO, & ZnO D4k PCI12 #i
AT DM IAEE AL &8
=TT I A TR IR & 1E
L, oofbaFER% 1 B B OMARICEIL
7o, ZD%, BllArFaX—F—NTEH
BSERDOMIEEEIC 4 HEAEEEEZIT
ot D%, MABEEMEBEL MTT
ToeA, LDH TvvA%{Tol. 20D
B% Fig. 3 £ Fig. 4 lIZZNE R LTz,
SEHAWEZF TR LERE ChH- T,
FIEEE 100 pg/mL O TiO, Z¥EM L7235
A, NFEZEBEMEEEZE ka0 B EIC
W LT /<=7 VT VDB FERTE 1=
(Fig. 3A) . ThICHEbL LT, R
FoOMEE (Fig 3B) &HELTHLHE
JRFEREICBEE 2 B LITBIE SN2 o
7o. MIT 7 vEA & LDH 7 vt A %
To7Tfn, &RbERED TIO, RETH

MBI AL Uy o 2 (Fig3C, D) .

T OFERIT TIO, 134{E PC12 MMk
LTHaEEEZ RS RNEEZRL T
7Zn0 %RV TRIRDEBREZ 1T T,
TiO, DH A LIT B BRI RDBED
- (Fig. 4) . KIBRE 1 pg/mL TiE 4
AMBEZIT> COMEOFRBRIZITEE
REACIZ AL 720507 (Fig. 4A) 23, 10
ug/mL TILBAMERMEE RO B

BN (Fig 4B) MNIEHETMORKE,

MTT 7»&A, LDH 7y A DREF D
A THIEBE 10 ng/mL PLETHIFREMEDS
£U7 (Fig. 4C, D). MIT 7 v &A1 &
LDH 7 v EAIZLDZENZLILD LD50
fElZ, 9.1 ug/mL &%, 9.9 pg/mL TH
DENZ T ‘

-H26 FEJE-
1) 41k PC12 MfIZxd 5, &R T/~

FUTNORBAEE DR B BREE
RESEE, ZnO 13431k PC12 HEFRIZ®IL

C CHIRREMEA R T I RWE LT, R4

B, ZOTENEER B BIKTFRNED:
ERRELC. bBE% 1 B BEOMAa
TiO, 7213 ZnO ZEML, £D1%, BT
A FaX—F—NTREITRBOH
faziE 7 B BECTHEEREITo. BN
% 2,5 80,2, 4,7 BBICMIT 7ok
A&AToT-. ZORER% Fig. 5 & Fig. 612
FNEFIOR LTz, FEEEIL TIO, REY
% 4 BEETIToen, SEEITRE
% 7 HEECTEELTITo7Z. LML
NG, BREAE 3 BSERSET
b, TO; ImERE ChMlaEts e
IR E IR Do T=(Fig. 5). ‘
ZnO & MW CRROEREZIT TR,
TiO, DG EEITEL ERSTERIED
iz (Fig. 6) . 553 7 B BETORIL,
FIRE 1 pg/mL UL EORE CHifa =M
RO O, T ORETITRA
IR AEFRMET Lo, £z, #&
JEEE 100 pg/mL TiX, BRE% 2 BEMT
MIREENE L DERN T,

2) &BF/~F U T AD PCI2 Mz
BRI TSEE

IR IR AR R BRI, SRR
BMEZIT I ECHREIBEREIT I F
BEHIBLILTWD., ZNwx, HEET
v EAIIMAT, ERBE~OEED
BEBBERLEZONS. £IT,
&R/ ~T7T VT IVEERD PC12
fa (& 7 BE) ZMEEBEEL, BB
Ul F=2—7 ) R L0 HiRksEi %
WMMRFEYEEITo T, FO%, B
EHROBRE « BTk, 287/~
TVTNVOERMBRIIIT2ZEDOR
t&1T-7z (Fig. 7 & Fig. 8).

TiO, #&FE LT-%a, Mz 1EH-



D OMRZER O, MizlEH7Z0 0
HREROSRE, MRER1AHTZ
DOES, MRERL 1AL Oy
NnNoO#E, OFNEND/RT A—EF—(T
BWT, BRICHMEERARERZINS
e hotz (Fig 7). T ORERIT,
Fig. 5 L EbETEZX S L, TIO2 i34
famEtE A RIE S R WVEBETY, 22 H
BILIIEEZEX 2580 5F 2T
LT3, |

Zn0 Z W CRIERO EREIT TG R
% Fig. 8127~ Fig. 6 DFERLY, &
7 B BIZBWT, 0.1 pg/mL LUF &
ETIIMAEERNE TR VERS o
. L L2 s, MREREEOL
NI A—=HF—Zx LT, 0.1 pg/mL LA
TOERRBRETCLEBRIIEENALS=E
W4y hso 7=(Fig. 8). Z DEE, ZnO X
MRAGFRICEELE X RWERE T
b, BEMEEICEEL 5 IELER
LTW5. B

D. B

BT /=TI T ADOFT, SEIT Ti0,
L ZnO %A -, TiOp X I ke (7
FUF—ay, BEEFIED) 28 A
HILTWS (BEE%B4E HP, 7/~7)
TNVILBRDEEXFIKD X — T,
http://www.nihs.go.jp/mhlw/chemical/nano
/nanopdf/sankou2.pdf &V) . AFFFIZH
W, TiOy AR FETHAWERERET
H5, 100 pg/mL THMIEEMEE RS
Pyotz (Fig. 3). ZORERIL, TiO, 13 bk
FCE TN TWVAR, ZIVE TR RIT
BAERREWEL RIFLTORNELE
BERHLLHERIS NS, 272, A EIiE TIO,
DAL TO 2 WRIFED 100
nm LVHRERMEEZRLTNZDOT, 7/
< TUTNELTOMHERETEL, Z Dk
B BRI ol I REM LD (R

) . Fhwx, IREELIEIZ TO, 124
A2 BITEHEMT 5728 %470, 100
nm LLFD 2 SR FEPBONLEMHE
BREITAVNERHLLEE X NS,

T RIF Zn0O b TERGO/LHE R L
BTN DS, ARBFZRIZ I
TiE 10 pg/mL L EDERE TH{E PC12
MR IZx L TRl B A R T8R800
o7z (Fig. 4). 55, 7 /KF ZnO 234
faEtE R T REO—>LLT, ZnO 28
EIELTAELD I BN MaEELY &
FEL TV AERREINTVB[6]. T
Wz, WEELRIL, MiasEs RiEL
DS LR HIZE END InT DR ES
TEEL, T /KT Zn0 S RIET N
% Zn0 BEDORDVIZKEMED ZnCl,
BRECHATEINEDEREE UK,
BT AILNEETHHEEZ LS.

£z, SEITHEIEER THS PC12 M
ZRWTEDS, KVAROHRAR TV
HEARTE (B : T MM B SE ORI A iR B 2
MRS EHWDET, JVEBEDOEWE
BRRIZRDEEZBND.

AR FRIZINT, R
1) 2t PC12 ez B\ W& BT /~T
U7 ADFHEZRELT, MTT K& O LDH
e Y ek i) = A (A VA By el
2) TiO, I% 100 pg/mL O EEE THHMMA
FHEERSRo728, 1 ug/mL LA ED
BETHRERMRELABICHEEL:.
3) ZnO % 1 pg/mL UL EOBRETRAEN
WA AR MR R U IR E A R &7
0.1 pg/mL LAF DORE ThHR Ik E
EAEBICAELEZ(~10" ug/mL).
IHBDREEITT /=T U7 LD R AR
RADEBEOHFEOTRICEEBR TX5HEE
MFEELTUERTAIENAIRESEE
BILLD. ‘
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