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Nano-sized materials are often greeted for their extraordinary
electronic, light-emitting, and catalytic properties. But their unique
physical characteristics raise concerns that nanometer scale of metals,
ceramics, and organics could prove uniquely toxic as well. Nano-sized
particles could be environmental pollution or even the loss of human life.

In this study, we investigated the cytotoxicity among different size of
Zinc Oxide Nanoparticles in Mouse fibroblast cell (NIH-3T3). We found
that the viability and morphology of NIH-3T3 cell were affected by
incorporation of ZnO nanoparticle. This effect was size and
dose-dependent. Application of.the <eytotoxicity and morphological

abnormality of NIH-3T3 cell were by means of Wortmannin.
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3 AEE I o @ LB L wre = E sk C g kR E_ 20ppb
(patrs per billion) @ % C3 ~ Na 53 [C g0 O 7.0 (OH) 10151 %"~ Ceo
(OH) 5, > i #F A %4 10,000ppb ~ 40,000ppb f= >5,000,000

ppb °  (Thomas J Webster et. al.2004 )
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CEBOHE > - Co IREFF -2 fAL ;ﬁmﬁ,\ FTA B bl — b
Bokialaptd H B kad (Cs ~Na' s [CerO0r.0(0H) 154514V C 4

(OH)24 ) ”?7%‘ B fﬁ ’313 A4 e R b g QL 17; T o WiKw

2
e o el REH - BFTREFEEGAL DT 0 A
ARG R ES S TR L R GERFTAA A SR
{54F $¢ o (Christie M Sayes et. al. 2004)

2005 # Nancy A. Monteiro-Rivierea §] * microwave plasma
enhanced chemical vapor deposition system % = % 5 s ¢ & "o 2 15 #-
Aggk L & e (HEK) B %k & 01,02, 04 mg/ml 0% &%
¥ E (MWCNT) ¢ 1,2,4,8, 12,2448 -] p¥is - & * transmission
electron microscopy BL% “HEK »# # sy cops F gL MWCNT
a7 3t HEK dvmbe ;ﬁm,f& jevord 3lde 7 HEKs #5142
FUFE enimre 2 B2 6 W A% 8 ( proinflammatory cytokine
interleukin 8 ) o TR R AN ARE ¥ KA F R FREEY
BASEY > Az KR E WdEY ok ET 0 MWCNT 7§ i 4
T A AL L e Falde sy X FE B o (Nancy A. Monteiro-Riviere et. al.
2005)
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TS L F Rt AR WA 2 E 5 pd A (hydroxyl
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FRR e i Fo B B4 BT E A5 BB A Mok T Ak 2 i

F Mg i gz 3}7%» AEPAriT- A3 K J}ilh‘f 2 & o (Eva

Oberdorster 2004)

223 NP it » 4 489 04w S P et §
FaElfRr X e Kok VAt A A MRy \i?%fg?,zﬂ;%
PhRAEL AR SR RO A MR R R AR R SN

GG ek SEC I R ) R i TR D S SUE I 33

Foap oMo A PR R AR

b

BAR 2 H R O A A Ak B8 Mo 35 E_] 3 50 nm £

Bk AR o e PSRl Sk (10<50 nm) A= T g K e E 5 A P E v

FoAckArPHEE BFE LG T oL Sy FRERE A

iv 1 fRH Y e84 o (Gunter Oberdorster et. al. 2003 )

224 NP 3%k 5 @

"EFEZ K HAEEARDE R 2 o v iR AT
b I A kB A P R R 5 B e 4 f ¥ Sk
s F A2 AT o 2 Mok anE AT & 18 nm HiT 0 32~67%4d 7

B dn g o A KR KPR IR R K BT RS S A



TR AR A AR KR AR AN E R FEF BT 70
FoAIH s 3 A R pi F TR B IR BT e T

7 "% B=% o (Chein H. and Chen D. 2002)

225NP $fw g B S LR BB SR
itéém/?%(/f_ <0.1um t—'—_’)‘ z v i,E' A ;};I—_r_ﬁ v —,E—' 3 "3“%‘ ﬁT\T’ it
K k" P

B FL MR SRR T o 5 B R AT O R i B

Bt oo APRET O OER 2 A A ok (0.04, 0.06, 0.08 and 0.10 um )

h—s

REECRE AT Y 0 el F etk T (B fE A 500 mL 1 & et g
250 mL/s) e E iE 0 E S50 mlb 5 B R 0 S8 50~500 mL v £
BT AL S R I R BRI S I R R AP

Ao mHEE AR RS AT 150~200 mL % 0 EF %

S

EFALR ) @A R G T R AR R Tl
B ARFE N B INE G f i BARM 0 BB B4 9 3 T3E 55T
(A BT BRSO AR R LR

BE kst ¢ o (Kim C.S. and Jaques, PA. 2000 )
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3.1.1. Fplmrz o] BURPSR R mre TR A(RTH 8 51 ¥
1)

Cell Name NIH/3T3

Cell Type Mouse NIH/Swiss embryo,
contact-inhibited

Species Mus musculus (mouse)

Cell Morphology Fibroblast

Growth property Adherent

Culture Medium 90% Dulbecco's modified Eagle's medium
with kﬁmiglptamme adjusted to
co,_n g/h Sc)d,lum bicarbonate and

és} 4+ 10% calf serum

SubCulture tgipsmpEEd_"IA NOZFE Do not allow the

Procedure Is yecome c?;iﬂuent subculture once
per WEﬁk s

Freezed Medium 93% culture medium + 7% DMSO
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TM-1000_0066 2005/11/22  11:36 L x200 500 um

B]3-2 200 SEMT /] BUiz 5k a2 ‘e

3.12 4 .
e,
£ % r \DMEM-~?5 4 '?T(Eﬁ /hékfse‘rum) ~¥1# % (penicillin) -
2 -

trypsin-EDTA ~ L glutarmg ~

f.""i. h"‘;:)'I 18 -L:b: 1
‘.
&l_lh\

(Deionized water) fﬁ??ﬂgWS%

p?,m”blue ~ IxPBS ~ 4 &5 -k

313 =% +2Zn0% K #+ :20nm ~ 150nm ~ 700nm
(a) (b)

B3-3 (a) 20nm (b) 150nm (c¢) 700nm ZnOz. SEM
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3.14 A1203 > T102

(a) (b)

= ‘\‘"”

1

% = [ (Glutaraldehyde) < dn* 4 Ml Cytochalasin D) ~ m e f #

(Wortmannin) ~ MTT
(3-[4,5-Dimethylthiazol-2-y]-2,5-dihenyltetrazolium bromide; Thiazolyl
blue) ~ DMSO ~ OsOq,

3.3 3% RE
B B ® A% (Autoclave) ~ = F 1t B 32 % $3(CO2 incubator) ~ # 7] &
B3k i¥ 5 (Laminar flow) ~ & } 4|3 i# < 1 ~ SEM ~ ELISA reader -

FAT A F R
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34,15 82 mre (NIH-3T3) 232 % 27 2% ¢
NIH-3T3 ‘% 32 % i fie 8l

1 pefl mpl .

90%DMEM + 10%Calf serum + 1.5 g/ L-glutamine +0.1%
penicillin-streptomycin

20 F ALY T0%FH R E RS T 0 FRATTRE DEEE T

(o AR o

3. Bo— B SE R RF FSRF FECE D 500mL L IE L B AR

4, R+ T 0 7 HHPEBH 450mL DMEM 3 » 7 TFELP e

5. £ & B 4r > 50mL Calf serum ~ TO0mL L-glutamine # SmL penicillin
I FELY e

6. 1P IR LA hmie 3 R 0 Tk AR A 4CT o

e 5 %

B A e £ 30 T-25 flask ¢ o e x ISmLimPe 2 %% > & »
37C » 5% CO, ¥ % 45 (incubator) ¥ 35% » 1= ;N B ek
ﬁgﬁiﬁ%m’ﬁﬁi%#—%%%%°%%m@%%%ﬁﬁ&%
B Nfmer o gwrd EEEANASEFETTBALE

fm e il
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1.% &% trypsin-EDTA % culture medium

241 % T @ BB T-25 flask P drEmediums>42F 3 > £ 3t flask
P 4v » 2c.c. trypsin-EDTA o

3. »37C 5% CO, 3% 43 ( incubator ) ¥ %7 445 -

4.5 e FORTE A F]A R 4o~ + 9 5mL medium HE Fflask ¢
- B FISce s g Y o B s * 1000rpm e dES

A AR EE AT EHC A R T LR e - % o

S.15c.c. 4t F B 0 of TO%IFH £ o~ B Y 0 B0 iR

6.7 P~3-5¢c.c. culture medium 4e » 3o & 5 L 1 * pipette#-‘m 7 15 3
*T%/{ o

7.4 9718 e i ik T BB AT flask YR £ o

3.4.2 fmPe 3 3 E PR

i 33+ #cdf - 44 = B chambers® # & chamber ¥ ‘w%| 4 B Imm’

)

AEA o Bl w Bafrz p A w2 B R IFERPG

R s 44 — N s v 2
0.lmme § chamber } * ¥} Fo F {5 5 B~ > 252 #f4 5 1lmm

x 0.1mm=1.0 x10*mL o & * B> 22 & B A & = A0 2w &P > %

AR R R R 100 TEE mL Y 2 el o
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H

1.  0.4% w/v trypan blue (GibcoBRL 15250-061)
2. m I EcAE 2 F 3P (Hemocytometer and coverslip)
3. 3 #® (counter)
4. MR

13 ip = B AaR

5. = 3 #4 (counting chamber )

=k
1.3 - -] ¥ parafilm > 2§ 1.5ecmxSem

2.1 pipette =B~ & 10uL ‘¥ f 4-% 2 0.4 % trypan blue » I 4 %]

if »* parafilm + & - 1 pipetting * ;\#-H 35538 & o

3.7« 10uL /8 & ;% p & 2R3 #icis chamber + 2 Wi e » » T+ F 3t
J{L , ‘;;/:\" _— 7

FRE e RE  Fwied fd o

A I T ST Y SN ERE T 1T 6 Y

2 » F]2 trypan blue £ # A2 &) o BfsF o 10% =

L& mL ¢

R 2 e e B AT > R ML M2 miE

15



(T RE M2 we ) o
T kx BFmie R Bicx2x 104 /4= P H/mL

*5 - & el ff =0.lemx 0.1cmx 0.01cm = 10-* mL

3.4.3 # 47 (dialysis)

7 %

EDTA » NaHCO; ~ DMEM ~ = #& ® ~ e9Zn0 % i F+

F &

1. #3475~ #47 % ~ 3 33 -k (Deionized water) ~8EHF ~BEF ~ & F o
3 7 - pipette

FHRRE

Water bath ~ Hot plate ~ #:5 < =

ELr

1. * £ 3 2§28 *7% 9 EDTA 2 NaHCO; £ £ /33 3+ k¥ o

g

r
e

2. #4EHr ¢ 54 %5 EDTA ImM 2 NaHCO; 2%(w/w)ind i -k i
% hot plate o BT AFREA RS T 0 A RS
ERPS F e S

3. T - BRS%MT AR B % 43 %H B 153 73 i3 EDTA
ImM % NaHCO; 2%(w/w)end g5 -KEdr ¢ o

4. #4580 TR B 5 60°C e Water bath # -] pF o

5. B2 iE 4B Y - B g5 3 okeaEdr Y > % hot plate
BB g 2~3 a g o

Yo

6. % T MBITHION Z B0 FHIAT B A AT - 4B 0 E
#3% ZnO 2 A #F e DMEM A > 2P {5 B * &3 48 F -

BB

16



7. #-% % ZnO z F #+ DMEM 3 % i 47 % SR A 5 1:200 <
% DMEM j3 % eEdr @ w o BF > JL B T E4F S X o

8. Bfs#-% 3 =48 Zn0O % K 4+ DMEM /3 % crif 7 5 * pipette =
M AT A2 F S0cc B g Y 0 TR AT o

9. hts AP Ahz 4 Zn0 2k £F RigkR ¥ 5 10°gmL -

3.4.4 MTT assayq 5 i 4%

MTT(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide)fe %

#-MTT(Sigma M5655)100mg+ ¢ #5 % % #20c.c.ird g3 -k @ » a5

Smg/c.c.FMTT.§ ¢ S M3 7% L FHg* > @R R 53304C -

1.%:96-well culture plate ® 4px 7 1x10%Awell i % Heehim e 32 % i 2
OOuL -

2.3 % 24hr2_ 18 “# 7 control @z *t H twell ¥ eimediumec A

R o

72k F 28

R\

3.4 B PR PP 0 50 & well 4e ~ 5vol%: MTT % 20pL
(FFREATIH T 4c) o
AR rBEAR[EFe o Bowell ¥ 75 RHP I 2 F well ¥
£ 4e » 200uL DMSO > £ well ¥ g% ¢ Stk 4~ * pipette ¥ 4
HREWLIEEPELKIRER o
5.4 #well ¥ % ¢ DMSO R & %3 7| ¥ — 4% 96-well culture plate

P oo

17



6.#-7 iz’ & % 7196-well culture plate £.570nm™ 12 ELISA Reader

% B-ODw & & o

3.4.5 SEM & % 2. ¥ Z_ ( Ajay Kumar Gupta et. al. 2003 )

1R £ ¥ 5 SEM LR % (13mm glass coverslips) 77 24- well

culture plate + -

2.8 ¥ & 482~ 1124- well culture plate » 2 » & FHf (TH: 7 - RA7BIP
sISEM#} 5 % 4+ transfer 2o¥ = i 7724~ well culture plate °
3.4t » 7 3 1.5% glutaraldehydesose & ¢ H 2 = - 448 o
4,558 = L &4 T _is #¥m FlESRsuctionsz £ 0 * PBS wash= =t » &
EERy
5.4c ~ 5 4 2% OsO4ehis A 2 ¥ Flaz L Add o
6.F +step4 o
7. % B3 T JE B 20% ~ 30% ~ 40% ~ 50% ~ 60% ~ 70% ~ 80% ~
90% % 100% & - K iFpE k& {7 8K de 15 » & T A 4f o
8.#-100%= & -k JF ¥ suctiondd- i - 4c » hexamethyldisilazane (HMDS)
R BREA R - EROKE B RE P R -

Note:/ t - #HFire @ R MERFEBR S o



OFCH AR B 5L TR £ -

10.41 % 45 5% 7 B s (SEM)EL Zsample ©

35NIH-3T3 w2 3~ 5 V&2 K B+ 2 F 5%

351 Z48% P &2 M+ 7 RIRAE T 2 MTT assayim?e & {27038

l.

A 1 trypsin-EDTA i % o & m¥e % » Fapo {svgs b ;Fi;‘,*z‘ y 35T R
cimie B e 3 R %R £ 353 > Mtrypan blueZ n IR
2R/ P o
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