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Biomedical application of magnetic nanoparticles such
as drug delivery, cellular labeling or cell
separation, tissue repair, and magnetic resonance
imaging are well known. Since these applications
involve use of humans or other animals, it is better
safe than sorry. It is important to study their
toxicity to humans and environmental.

Cell-based assay is currently major used for all
nanotoxicological research, however, data obtained
from in vitro experiments could be misleading for a
variety reasons, such as the metabolic difference of
1n-vivo comparing with in-vitro, and certain
nanomaterial may interfere with read-out systems of
commonly used MTT assays for cell viability and/or
mitochondrial function.

This study developed electrochemical method for
assessment of cell viability. In order to check the
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accuracy of electrochemical detection, more than one
assay was done for determining risks of the magnetic
nanoparticles, such as the classical dye (MTT) assay,
ATP assay for membrane leakage. We evaluated the
respiratory effect of several kinds of magnetic
nanoparticles on yeasts, and Fe304@polyacrylamide
magnetic nanoparticles on liver cells using both 3-
(4, 5-Dimethylthiazol-2-y1)-2, 5-diphenyltetrazolium
bromide (MTT) viability assay and the
chronoamperometric method, based on screen-printed
carbon electrodes (SPE). Preliminary results show
that nanoparticles have no significant effect on the
respiration of rat liver cells from these two
detection methods. The chronoamperometric method
using SPE shows that the current responses are
proportional to the ferrocyanide concentrations, with
a linear range of 0.03~ 1.0 mM (R2=0.9923), and
detection limit (S/N=3) at 32 vi M. The results of
paired t-test analysis indicate that assessment of
hepatocyte viabilities based on the
chronoamperometric method were comparable to those of
the MTT viability assay. The chronoamperometric
method can be used as a quick alternative method for
assessing liver-cell viability.

magnetic nanoparticles, cell toxicity, liver cells,
electrochemical detection.



ZCFRRFIERDT LR S PRER LR SR (7 5%

RiER) ¥

TR

)

Blb 2 AR B GRAGRE 22 F 25k o 4o drug
delivery, cellular labeling/cell separatlon tissue repair, magnetic resonance
imaging * 4_= ’?@’r%% EV o, i:?:ﬁb}@’* WEAREE Y, 2K AR A
FAXERRLE T ARAL G BT, BT TAET O/ EH, 4
éhjz&—r‘]”’»?awmwﬁ"%, 7lde < W\mﬂ 3o,

m#e F S (cell-based assay) &P wiFitd A {8 2 fqp F i ¥
=5 /&m‘*" P 5N (model) - in-vitro FF Z i % 2 in-vivo A% - K, #
RéFeHmnFlZ AT EL e e R N e s K BT LB, A -
g A 08 N ] %E, Aok oK H R oA - A KR e e S (cell
viability) & # 448 7% i (mitochondrial function) % ] i3 852 3 B 177
Monteiro-Riviere % + U271 g gz T R B AR 2 L A e
3-(4,5-dimethylthiazo-2-yl)-2,5-diphenyl-tetrazoliumbromide (MTT) %]z F i~
Fros st A 2 R SR S B2 A 4@ i3 S 48382 35 o Laaksonen & < U
Pl3F 2 Flp gy B REF B, MIT & 2 * % B porous silica
microparticles & |+, Flaigf i e MTT 4B R o« xR HALAS AL (1)
12 302 1234125 £ ARIMRSES f2 2 LBF @0 992 5 &
B 20 4 n B (ferricyanide)/succinate B /A7 Bk SRR K BLREREHF
ot 2 g VB MNP R PR E SRR LR
A RAAMAED



Partl: 41 % ¥ AIIATRHEA H2 2 £ B G
(-)> Bm UEER R RES BB KR HRR S S

kg

(5)~ g

AR BT B AT Y R ARARR & YO e <
P SR I A - BRI Hélms Bf 3 T ws o R Y re’ * Fes0q4
A EE LS Z AR FEE B FR %L*%
vl v \%A*‘—g —u;a)\ dEMY O HEREF AL AN ﬂ_ﬁtzgjgw\ggk gy
AR RS § P A e 3 2 (cytotoxicity) £ ér]-sr Moo oG mie A4 %
it & 4 (ROS > relative oxygen species) » #3544 2 # it > DNA :}F
(DNA damage) % % % (DNA mutation) T i3 = DN A %74 » % L R wmrwe 5=
e FRRET T E S L3 AT o A NERRR LT AL R4
W AR AT RIS F(yeast) & 35 B3 (model) 0 fER FHE R A
Lt adbiofit o L5 (i pk g2 iz BiFu g ivr
B OBl NP B R RAEEE S s Er AR TP
Pl 4 b BREZ A I A HE T 4 T IELHR

f¥* F® < -4+ saccharomycete > ¥ % saccharomyces cerevisiae » &_

FA SRR DE e o L5 e g A g R g R
ik F 2R ]‘3 2o R R - kR R SR DA R "Fm'_’ B ILT P D
B o BRIFPE? B (yeast) £ 9P ) ihH fwie BAE o & 5 o /é«’**— nPE N~ R

e ’JM m}

F"ff"ﬂ?”é”f"‘"ﬂ?”é‘?]’\%g ﬂq&;‘,,,’z/é"’rd]t! ﬁjg'—ﬁ:]é‘ﬁ’l % LE Tk
R SIS S Y & AT QX4£ooﬁ4ﬁi@W%¢?ﬁ
B ERIHEF E‘&fiﬁ&ﬂml\4ﬁif‘"if °

AR AR EVER E R S A R LAY L
WAL Sy 4 78 (budding) s 4 R F A w424 ) ¥ 10ume
bRdE g E et EREAT 0 EA 2 i o b p—'gvz{’ﬁ 7 k8 (Flgure 1)
LYWL BT ER AT UREF T LI E AR w8 o 8 A

A\

mre A5 YR I s d KRR R Hm e B S MR A R
W?%E‘*ﬁﬁmﬁW#?mfﬁg(¢éw>#m@?f b Al A 438
tPiﬁf-’% FREHEL S > FTHMEII R CUHF - 2F e qpg Itz
- Bl R s Ed %‘d% 4B RS i~ m;;'}e EF oo Bfd
A lmPe B S e bR R BT AR e agh § T — B 5 2 (bud scar) o
o itjém’?é'i ,T-*UFB),E%&"' 9T - B %A (birth scar)



Yeast ce]i forming
bud

455001 rii{»‘};‘y’ifi 2()°C-30°C’ L‘II&‘S/\OC‘\"&"Q‘S?47OCE"§7‘;§_}:§‘T ’
et s s g E F AR F R a4
FAG-HAP LT FRUnEETRES §
‘Zi“* , Fﬁﬁ%ﬂﬁ(}%ﬁwﬁ f25 2% "R~ B Rfr ATP N B ERE L ;4
i"% ,;»Fﬁférgg’f}?d_;*%_i%zm

/f]a‘%t "):’E }\‘ff'ATP’/’T"F—fJ’}}
jéﬁiﬂﬁﬁﬁf,@;f$’)£g—§_o

j&%ibk%ﬁéﬁilﬁﬁﬁgmﬁ,

() Fr i
AT HEE D o BEZ N AR J?]/r]“i PR 4 E (%
biomass % 77 )~ FFex KA S ATP 2 & 0 A 5 {riﬁl F £ marker % it %

FEFHE e
1. AR 5P 2 B AR
(1) Fe;04@Si0»-NH, (200/400nm)
¢ou U5 AT (Fes04)» @5 ¢ Ta(coating 22 &) E /25 200nm >
bk e BER S 200nm 2 silica T 3%  NHr 2 F ac A0 5 & 5 400nm °
(2) Fe;s04@polymer/-NH, (300nm)
# ¢ polymer 45 d #ct i & ﬂtp IEE’%@’”T%{p S EE o

ﬁgﬁg}]i‘_\#ﬁ v &% blick o TF 2 TF ,,,,, ,f@ ﬁ&a,fn’;‘r;fgrs?gj;kﬁi
i
(3) Fe;0s@PAM-NH,(40/80nm)

PAM 5 polyacrylamide( & 3 fpﬁ‘iin_’«‘ié)f 5B 0 B H 4o Figure 2 #7

0 ’é'“‘?ﬂ"*iﬁ%@%oﬂ F /75 40nmo K ¢ % AR 5 20nm
2 PAM » ¥ 3% NH 2 F il b » B BB A & 5 80nm -

CHZ_H(E
C=0

NH2

n



Figure 2 .polyacrylamide 2. 4% (ki a4 7 )

(4) Fe;04@Si0,(40/100nm)
ool G A BT (FesO0q) 0 EAE 5 40nm ¢ B AR G 60nm 2
silica> & & % 100nm o
(5) Fe3O4@SiOz(10/20nm)
v G AR R (Fes0q) 0 E 425 10nm o g @ BER 5 10nm 2
silica> & & % 20nm o
2, e B LR R

LR A m;#?%’% LMD RN LR AR
Flamfe 2 R PR - HIPPRERET LS LT o Fp g
AYrEEARFEE R D ER RO FE s F B s BRI e S
P2l y £ g% E o ?*J *RR engE 2 ik 0 P en P fE-marker 7
SRR R ﬁ*rv’* Sl 2 EF A 4 e R £ E 4 A ek
@( °

BRI EPHEN w2 RSP ART A LA H o e FE/H 2 (cell
Viablhty/prohferatlon) ¥t e 3 1 (cytotoxicity) A 7 o fm¥e 13 E E dm e A 4
At A MRS RES FARILS Dimre 2 K R BcE B AT 0 4 & AW
D s
Gy mmie A A Pl R BRI TR me et 2 e B
BldeimPe v = 5 4 & F Pl ooy 0 TR - B2l il MG
FE RIS LDNERERY i p FH R AR o A AT 2R
BEPRMOIT T UTRARE S22 PR R IEE W P

(1) & % & (Optical Density » OD)

1235 Lambert-Beer 2 & » » 4k 2 § 5k 2 5 T 5| B %
OD = -log(ITp) (Lo : » &3k 5 1: 75 k)

F1* OD #Ft g2 Al chiEfe? » § » ST Fwmie 3 RpF > X
BUMALE R P DR FRERACH ) ERTE RS > BB
Lambert-Beer 2 ¢ #7382 : T L& » B R (SARIA A o R T
BREHE oA FRABL AT FIFAFFRI FHFTE L2 ~ gk
BEMGT NP FARA o m kD SRR RS 0 F o~ 5
k(lo)id B ¥ » AR FACH kAR 5 > 535 k(D)5 RA%33 > OD E4p
Ei‘f‘ufiéﬂ' » %ﬁt“ G fRA LR E e o

(2) MTT assay
MTT ( 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide ] -

BiEPR Y T PgEd FOR KRR SRR S B R Y
i d i@ pe (Succmate dehydrogenase) it 53 3* MTT 5 # 7 tetrazolium i 3
Bh o FERF T A3k dhformazan 0 Figure 3 5 2 F BT & B :f%%’%ﬁé
DMSO F] &4 formazania % » & * 2 Jc Ak £ 570nm - & 2 % ¥ 2 - 4 {F ok
BiE o kWi AR R4 % AT oS f& Emk’?é
AR ERwE RS d M mir P MY 2 2 i d & v o AT



MTT assay,?J = R s S Ed gz;:{i AR LA R ;B.T/—‘_E, ‘Tifi gt oo

\
Reduction Ry —N
O | ) gy ¥
N“‘»N mitachondrial

<:>_< reductase N— i N=N
R /
N
\87 (j)\ \r\ef Tetrazolium Formazan

(a) (b)
Figure 3 (a).MTT #5% (% 4] (b) MTT L & i®% 3R>

(3) PrestoBlue™ Cell Viability assay

PrestoBlue'™ Cell Viability & - IR K mre A A AR 2w
JedZ o 3 P 7§ resazurin(alamar blue) i JB] km F2 mnk #ic # (NADH) -
CLER R ILW]LAJJ_TJK/’*‘?‘ 5§ *RBRF R H?NADH/NAD:#3% i+ &
Bl AR L 5 A w2 AT Fendr 4] F1+ > NAD(nicotinamide adenine
dinucleotide)&_¥ - st £ v 27> Hau £ VR RA ENADH% &5 -
ENAD'# - & 3 % & > 72, A NADH(Figure 4) o ¢ * R & ~ M4 sk
M enresazurinX Fwre F RS R R A2 B 2 - F F ki dresorufind o
FpdiBme B 4 mied 3t 4 T (N 4 0 & JE H#resazurin
BB Ak o 101112

o H Ho
+ 3
| N NH, L t2e NH,

P | |
N7 N
| |
R R

NAD NADH

Figure 4. NADH 2 § * & 228 B i %

(4) BacTiter-Glo® Luminscent cell Viability Assay

BacTiter-Glo' " #_— 324 % 'm % 35 & A 1738 Ao 1 ¥ & L ps o
8 F R R IR RE R P2 a0 ATP ATP §_1& % #¢ e %2 73 /% marker »
FERRETMRECEF O AR N E TR D O FL G R ARSI
ERogasF it R R B b A i ?é_f]f'u?ﬁtﬁ%’x A
Kel EBSHATPV WA A R HFFhat £ c Ll gldf chiics &) » Mo
e g ik & ATP» ATP ¢ £ " jiZ » ¥ p 2 9 ATPase #-4 f2#73 &
¢ ATP - BacTiter-Glo® Luminscent Cell Viability Assay * ** if |32 % ¢ ¢
Emte B A1 * L REEE KA E ¢ S ATP Y ATP s R %t 2w

Ve g b= B RdAeT 4 oo



Time fero 30 minules— hours 24 hours

a
. .._
Apoptosis -LE'"' '
&ﬁﬁ
Viable Cell 2 \lnc nsis
LOH Release 0 + S+
Caspass a +++ ++
AP + 4+ b 0]
MTS +4+ +4+ 0
Resazurin +4+ ++ 0
-
& %
— . r
Necrosis gﬂ,, 1
=2 o)
ﬂ_. -='I
Yiahle Cel Cell Detoris
LOH Release O +++ ++
Caspass 0 0 (8]
ATP + 4+ 0 0
MTS +4++ 0 [N
Resazurin +++ 0 a

BacTiter-Glo™ 2 ) § ¥ +7#k fm#e k=2 # &) > & w41 ATP | pF

Frq| o 2 9 ATPase > $% i luciferase Lt luciferin &2 ATP ~ -2 2 2 4
ko> ZRBEATP BRIV o pLf BT E » 7 Z 4 mie > F i 5~7
kB o TPE M R4 Jc,:gtm %Atk B 0 103w T Wl ¥ e HFERV

R Ef]_l;i’ e o @ S ATP & 47388 § & o ve B f#(cell lysis)
i & * luciferase 35| & ’P"r 3 cell lysis # e P ATP ' (2 -3¢ » #-id 2 #ic
BB P BRE > 0 L TR R 2 EAd kT T WK cell lysate >
3 B3EE 4 ~ culture cell ® o cell lysis 22 ATP & Jglp PFiE (7 > 27
U ATE ALY g S ATP R R ol g R B D
Figure 5 & ATP /4 kg &2 17 % 4] » 7 L luciferin 5 d 35 fr
luciferase _'rﬁfé’_lu;'i’ ATP F & > 3 - A\—”+ K- a3 ,EF.E}&?& > A5
Luciferyl-AMP - 4% ¥ * %] luciferase e it » Cy + 0 + f# 1) » 45 = lone
pair> ¢ lonepair * 22§ § )= feizdt o ¥ f T2 %HI A+ THT LR
A DR R G WA A e fk i 0 w4 AMP 1 Z - 23
- F it pis sk d 2 ¥ it g ehoxyluciferin 0§ Ho# f 0 oxyluciferin ® ¥
ground state FF > ﬁk €3k o



HO S N COOH
\(:I@ %j,
Beetle Luciferin + ATP + 0,

Recombinant
Firefly
Luciferase

Mg2+

Y

Reossell

Oxyluciferin + AMP + PP+ CO, + Light

Figure 5.ATP /4 k& &] 2. 17 % 4]
S)imre *J-gc;‘é :

EREVEIAY Rt i\'ﬂi”(ﬁ?‘*ﬂ\z —ﬂki\-l}i ) kg
iﬁtﬁ'f##rﬁ?? FI* 2 R EB R BN P i o ik
%J“ﬂ%ﬁPﬁ—‘&ﬁ*ﬁikﬁa’ﬁv‘+A>;25|L%t‘"1=é(5x5)’4—v‘
S E R A 16 * H(4x4)1 4 1%33*“ 400 - $5(5%5x4x4) 4 Figure 6 ) »
Ekf;iwﬁ’rélmm’ﬁjf PR E ARG 0lmmo B3 E S

hWW%;OmmLm%mgm%moﬂﬁﬁﬁﬁhmﬁigwmﬁ
PR F MR ZTE 100 ) R AR EE 0 0B
PR ReT A RE T E D TEE

&—AX400(% 400 -

. "E 21 g —‘J—ﬁg:-é”‘
T RPEES FEAC RS E E AR
I 42)x 10*<D(f- 1 # #) -

K

g

Figure 6.x Zf2- #ic B w30 4] & 3



(6) i3gh "&£ | Hiwre Bt g F
=
% bhr

Blank: % % m¥ ﬁ % Ak TR 2 A BT

R A BT e *’av’ 2hr
S0 A 0 R FJ{ 7‘%;%

I\

0]))) MTT Presoblue

Yeast #

1J? OD*"’# Fagt

% R
l ; kR & B e ? (~6hr

D
0 MTT 7~k

Prestoblue

(z) BHFE3HH
L TR R MR LR EREF

‘55?"”Lrl%’**7i‘“’_{‘z&pMaltEXtractRz(}’;’_.,-B"iﬂ) mEdRRE
oo R E2ZpHETHE 49 i MEo BER - Fwwd L3 F A
FlZ > FIGARE BEACER CBR 2. E S AFHBEMEREEYH
3 dm e S M —g-'il’ ,ﬁ;)‘ﬁkﬁ- E:I mﬁgéﬂ\m‘; Ed ME L E g 7 ﬁ’q’:f’_i
fEgis 2 B4 L2 FlF %215%’:3}”35&%@0

Figure 7 7 f¥* Fim®e 2 £ endoif (b iE 2 2 A4 L2 RFIFEHE



oA REFALEERL 30C BBER G TG shaking ~ 30T &
i TP, 2 THR%, RB2B* H2EFR% > 20D 2 MTIT
BRFREER S ZRET VI OLY FRFESORFERT OB AL
i TR E TP BRI AR ARE AN D AL g
Preng sA B RBRE CF F LABRPRBETF A2 ERER  EBEETR
mAIMRILY kR 2 EAF A SR Pl - Rl £ BF R
BERT O ORBAAFIMET  ERZEDF o ERAD > BT o d
WP I EPmd R B ER S BAATT R TR AR AR
% ¥ 3T 5 shaking ~ 30C ~ B KT o

L1 DEM S Al
olt : f
0! I
= 7
5 07 % 7
<06 7
S05 Z 7
n 7|
11'10;I v 7
~03 "? 7
02 s | 7
% |7 |7
01 o, P I’ A
0.0 EEEBCDEB. ’ ﬁ ._._/___1
01 23 4 56 7 8 91011 1213141516
#a i, 32 4 o5 B (hr)
(a)
(b)
1.2 O Mk A PR A
11 - ™
Al
B 09 - ; 7 _L .
s 08 7
S 07 1717 n
; 0.6 > 5 7
L 05 % g
S04 : Z 7
"3 , i
m o y - 1 7 |
02121218 |¢ 7 7
%
Hilil 1
0o LA 121G | & 2 | Z 4 |\ v |\Y &2 &
0O 1 2 3 4 5 6 7 8 9 10 1l 12
4a B 3% % B 1 (hr)

Figure 7.(a)OD i# | % F & Bk T 2 i¥* F2 £ fFn
(OMTT #5% SRl P2 B %k T 202 {2 £ FR



Figure 8 233 % > 2 H{HpE* H2 £ 2 B 8% ¥ &7 T 6 shaking -
fEi¢ 200rpm iF ¢ T 4 £ 2% B > 2 ¥ shaking 2 rotating > 2 T > lm
B e 2 L FRRFFBEBAT N Flaweiniiadpd Fi&;
Boo B4t L0073 J4/J~El?$' A RRAIZHBA AL LT RFE
(P>0.05) > © g 5 [P mr BASAEAH 0 F kS ;‘éiﬁ%%.ﬁ‘m’?é‘
gt £ A4 ,,E:r;mnggﬁ(ko.osy Ame A A RT A L2 e
XS wmE A Bmie B R e REY T (AR TR 4 G e gy 1
fOREZ e BRI mE TR T 5 ey i R B D 2 T
iT#

.

o

FAHRL LN 10 OD EAERFR iﬁf‘}i"'ri\i s e MTT i# 2 =
fe RN E T REARE 0 R TG B ?ﬁﬁ?ﬂﬁ\#‘ ERA O EREETNELS AL
A4 FEE ] R 1;—"“‘—"’OD liz?]mxmﬁfmpartlcle’ 2K ‘mﬁe@k&;&gﬂ
Lo 3R - B = B chparticle ~ & T ORI FH fTk o Tt 3 2 m G A
FremiE B A Fwmie o ] €5 TR

MTT i RIZA ™ i# o % 2 5008 * Jb§ Pl sh i & 5 (SDH)
MTT &4 > ® mre 4 » MTT #5788 F2 % 4/ FF > $RE Tr5a84 2 2
B rmie AR IR BRI E{EE R LA ERmEeTE %/”\
R E IR e (R A M R o

‘ﬁ\

SVEV A A BIITR TR BRSPS F B
I EE S gdE ~ T g shaking B TR 0 o S0V Ao AR R T Y H
?éﬂ**J%mWQ AELE R IAT VR ERBAAZFIRGL A
;/&&FI%—LJ‘#’E H- 'L"‘”"?Sg,, ‘.fu—':;}‘ﬁ:‘f/?o

4.2.1 # % shaking 32 £ > 2 % #8 & 30C
17 31 3k @ 42 Fes04@Si0,-NH,(200/400nm) ~
Fe;O4/polymer/NH»(300nm) » f¥* F24 & o MR3T33 % {5 0~4 /| BF 2 & i
ZIEN BN LLﬁPF’”c‘,’% » Wi Rk 2R %‘vﬁfiﬁ-?] » 33V AR
e A RFEAL o % 5~60 B PR AEE A A 0 8~ 58 (log phase) 0 i
'S El 5@:&‘3 de o PEREEAe M REA M (EF 2Rk L M BE o 0 ] P L
FAehpk o d PV T RA B T AR o %%' OD 2% H 4 Lg% » vy
BEALSRPIERETE S me = AR F ENE S fr ) MTT 2 8
B g o
BREFiT— 2% 32 dE . 0 RREL T T me gt AR o
¢ OD 7 @i g » 12 relative biomass yield & 3 o @ MTT 3t 4c » 323
ST EF33 4] & F WP 2 relative MTT converting § 3> d &
I RTERIE R B
Exp(§ % 'n)yeast # 2 ¥
Control (#3412 )yeast # #

St

o

éﬁ}\

relative biomass yield=

relative MTT converting (ie. H = %m® $ MTT 2 # 3% F)
_ Exp ¥ 0% F (MTT/OD)
Control ¥ i+ ‘m% fi 3 & (MTT/OD)

10



d % % (figure 9) % %o Fe;04@Si0,-NH,(400nm) 7o 4c % 1 hr 14 £-ig 3 # > {2 o
B R GBA f R 33 o Fe3Ogu/polymer/NHy(300nm) A% # F2 # £ i 5 #2588 i

Frer s NHE G P R g T o TS JF‘{ BEk % <1395 3 100nm > * G 2
Kl HEBHFERBFEZ F BB ains o

4-2.2 B FiE R T 360°% &3z £ ~ rotator #&iF 5 12rpm ~ § A 30C

AR T R REMEE LT 58 3 Fe;04@PAM-NH(40/80nm)
Fe;04/polymer/NH,(300nm) ~ Fe;04@Si10,-NH,(200/400nm) 2 Fe;04@SiO;
(10/20nm) - Flgure 10 =5 A F6304@8102 (10/20nm)>* MTT % & a3 & >
2R RNl iy J Bé?/r- mPE P R BB OD B 3: fm e M fc
FH ORI R TR e Hep B o e % 3 Bl PRiEA M BB K A AP
P34 > BERARS 5 LR (02 A gt Iﬁ.‘?»*‘f—“m%’“ °

Fe;04@PAM-NH,(40/80nm)z. MTT & % 7= & L% {5 2 4% - F
FG304@3102 NH>(200/400nm) = =t # = % va % g g HAE B FE
B & 2% 5% 4 o Fe;04@Si0,-NH,(200/400nm) 5 ¢ % #& B 2_%g 4> 3% OD
AR TR 4BIT 100% 0 @ % ~f & ikt MTT 2% % % ¢ 2P &
HEoABBET R RFZ LA 23R &N mie? B2 24 (T% R
S BB A o A AT B A A CREER N BB T R R
wiE g e

"

4-2.3 X & shaking 33 % > i 7 200rpm > 33 % 58 & 30C

PR R T RLR S ERIE Y gk ¢ 3 Fes04@PAM-NH,(40/80nm)
Fe;04/polymer/NH,(300nm) ~ Fe;04@Si0,- (40/100nm) Fe3O4@SiOz
(10/20nm) - Figure 11 % 77 Fe;04@PAM-NH,(40/80nm)# 4 &) a3k i» i ;
MTT %% > PR BB 5 23 B B/l E" %56 FiF n*v
REPE R @ 3 4 o FesO4@Si0,(40/100nm) 2. Jm %e 33 ehg pF fF 3 4e » 2 MTT
RIS T2 AR% > dp e BE S HARS Y bribrp 8 o d B ET > B4R Y e R
B o Rlme FHAERFR RS > Trimre 84 3 E 2 e i e o
Fe;O4/polymer/NH,(300nm)z. OD 2 MTT % % A0 F 4 T Kk it > 4~ =7
3R 22T 5 FesOu/polymer/NHo(300nm)$ > 24 (341 | & (82 58 o
Fe;04@Si0,(10/20nm)z. OD g % P Ag cnig pFF < g ™ % > e B MTT # %
Foom BRI (5 2 R APE T 0 & Fe;04@Si02(40/100nm) F (% Ap 2 e

B, 81 4L
,\j’./vgg.saat °

11



}i [ O#3 360 % rotating B T 5 shaking
1 L
09
E 08 -
o 07 -
Q0.6 -
~ 05 -
8 04 | T
03 - =
0.2 ;:
0.1 I;:
0 ¥l
0 1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
smo% 33 % PR (hr)
(a)
- O#% 360 & rotating B < 5 shaking
L1+
1 L
0.9 |
= 08|
E 0.7 |
[Te]
@ 0.6 I |
wnn 05 - e
B o4 ?
< = r/ ’
0.3 , ? ’ g
A ]
A A A AN
o LA AL
0 1 2 3 4 5 6 7 8 9 10 11 12
w12 & pF R (hr)
(b)
Figure 8. (a)OD BB # F& #h 4 32 & = ﬁj% AL 4 &
(O)MTT 2 BLip| * I ¢k 4 i‘“%" -T2 R AR R

12



relative biomass yield
OFe304@Si02-NH2(200/400nm)(n=9)

200% 0 Fe304/polymer/NH2(300nm)(n=9)
150% ]
100%
50% -
0% <
(a)

relative MTT converting
150% 0 Fe304@Si02-NH2(200/400nm) (n=9)
B Fe304/polymer/NH2(300nm) (n=9)

100%
50%
ove LLL . .
0 1 2 3 4 5 6
o % 1% 8% Fa (hr)
(b)

Figure 9.4 %12 OD 2 MTT L% & pF ¥ 8T Fe304@Si0,-NH,(200/400nm)
Fe;04/polymer/NH,(300nm) #fp%* A4 £ F 55 # % shaking 2 % -8B £ R A
30C o

13



relative biomass yield DFe304@PAM-NH2(40/30nm)(n=9)
Fe304/polymer/NH2(300nm)(n=9)
Fe304(@Si02-NH2(200/400nm)(n=9)
BFe304@Si02(10/20nm)(n=9)

200%
1500/0 I .'r/ %
. .é
A0 %
100% e, A i :
50% é é
0% A %
0 1 2 3 4 35 6
o 845 6% 14 (hr)
(a)
relative MTT converting ~ CFe304@PAM-NH2 (40/80nm)(n=9)
150% - BFe304/polymer/NH2 (300nm)(n=9)
BFe304Si02-NH2 (200/400nm)(n=9)
BFe304@Si02(10/720nm)(n=9)
100% - E
50% H ||
0%
0 | 2 3 4 5 0
Jo Rtk B (hr)
(b)

Figure 10.72 OD 2 MTT % % BF & 227 Fe;04@PAM-NH,(40/80nm)
Fe;O04/polymer/NH,(300nm) ~ Fe;04@Si10,-NH,(200/400nm) %
Fe;0,@SiO; (10/20nm) ¥+ 2 £ B AW H Fix 2T 360°
4 32 % - rotator # ¥ 2 12rpm ~ 8 & 30C -

14



relative biomass yield 0 4@PAM-NH2(40/80nm)(n=9)
BFe304/polymer/NH2(300nm) (n=9)
ZFe304@Si02(40/100nm)(n=9)
BFe304@Si02(10/20nm)(n=9)

200%

150%
100%
50%
0% 2
0 1 20,3 4 5 6
fo 8 4 B s (hr)
(a)
relative MTT converting OFe304@PAM-NH2(40/80nm)(n=9)
- OFe3 O04/polymer/NH2(300nm) (n=9)
200% Z2¥e304@Si02(40/100nm)(n=9)
BFe304@Si02(1020nm)(n=9)
150%
100%
50%
0%
0 1 13 4 5 6
Jo 8 4 B 4 (hr)
(b)

Figure 11.02 OD 2 MTT g% % pF fF 2. Fe;04@PAM-NH,(40/80nm) -
Fe;04/polymer/NH,(300nm) ~ Fe;04@SiO,- (40/100nm) %
Fe;04@SiO; (10/20nm) ¥ i+ 24 & #25 **T 6 shaking 3 % - #
i# 5 200rpm 0 B & 58 & 30T -

15



4-2.4

RIERN AR 2R AT L HELR

Bl - BIEAN TR IARBRZLEEFAE D BEET AT RS
WheT o BPARREEES FAREREEY 23 B oo SRR R]
Fe;04@PAM-NH,(40/80nm) 4 % >shaking ¥ rotating 32 % ~ 5 & B ¥ £ 8 »

AHE A B R Y

Fe,0,/polvmer/NH,(300nm) D EE
relative biomass vield @ shaking3z 4%
mrotating:2 %

150%

100%

150% -

100% -

50% ] B e . L 0%
Fe,0,@Si0,-NH,(200/400nm) Dﬁffi .
relative biomass vield grofating®s 0%
200%
150%
100%
100%
= 0%
) Fe,0,@PAM-NH,(40/80nm)
relative biomass yield orotatings5 4
150% 150%
100% 100%
0% 50%
%
0% 0%

o 844 5 R )

Figure 12. % F - 3E 3 % F = %
£ R EFAPRIERIT F]F R4 B

16

BET O R
T HpEA R

i ¥ 17 e (Figure 12) ©

oR iR
oshakingst £
mrofating:: &

Fe;0,/polymer/NH,(300nm)
relative MTT converting

&
(=)

I T
o 8 4% 83 e} ()

Fe,0,@PAM-NH,(40/80nm)
relative MTT converting

oshaking/s 3

miotating} 4%

sl
[

2 3 4

po e 85 )



4-2.5 willwre EHE ATP 7 &

Fe;0,@Si0; (10/20nm) te3 32 % iF T 4= B E > T HFLB T § 4
bvfm e et N HE2 T % o gt ¥ Laaksonen % 4 Plendp 2 - &R F)p B M
B RF B, MTT &2 * %P porous silica microparticles =13 4, Fla3pt % &
MTT ¢ #:E R > #xi&— 1 * prestoblue 4 47 % %ﬁrﬁé % fmre ATP 2 1L o
Figure 13 %% &1 » fE* FH g2 ATP 7 £ 7 £ Fe;04@SiO; (10/20nm)
B fe e 100~200 ug/mL ¢ Fe;04@Si0, (10/20nm) s £ 7 » imve 5 # #c/k
TR e et e (RBHE [ 4 o MTT % prestoblue 32 8_p| m e vt w5 (X 35 14 2.
Ttk B-FRCEAHR i ABg - K o

Orelative biomass yield
Orelative MTT converting
relative prestoblue converting
Brelative ATP content

300%
250%

200% s

150% ]
100%
50%

0% - | | |_:f:

Opg/ml  S50pg/ml 100ug/§nl 150pg/ml  200pg/ml  250pg/ml
P

E
— 2

Figure 13 f¥* F£ 7 £ Fe304@SiO2 (10/20 nm) **-T & shaking 35 % > #& &
% 200rpm > 3 & $4E & 30C > 8% 2hro

(1)

I ¥ - BHEN IR ARRLEEREF J 857 07 b
b T o BMERIRFEES REEREY 2 koo ﬁ%ﬁ%m‘»jw
Fe;04@PAM-NH,(40/80nm) %2 % > shaking 27 rotating ¥ & * % &
o S ia@*‘f&”ﬁ?v‘—' T HEDIR o

2. FERAR ) Himre E PR TR F -

3 MBI A MEE R EHEF AT LA 4N R TR
FRypps F2 L8 B AHRRE ALY 5 750G

kentr# > Btz KR 2B S bonkdkt o s F IV IF

AL EERFERE K e d ATP a3 % TV 5HE o 4 %@ﬁﬁﬁﬁggiﬁ@

mw&»}wgﬂwmﬁw,vwm@mﬁ%i@%a$ﬁ;@iw

B nb;ﬁd PR ATF S 2 RIS RS2 E

17



N —

10.
11.

12.

13.

14.

15.

Reference
N. Lewinski, V. Colvin, R. Drezek, Small, 4 (2008) 26.
Monteiro-Riviere, A.O. Lnman,, L.W. Zhang, , Toxicol. Appl. Pharmacol. 234,
(2009) 222.
T. Laaksonen., H. Santos, H. Vihola, J. Salonen, Chem. Res. Toxic, 20
(2007),1913.
N.A. Monteiro-Riviere, A.O Inman, L.W.Zhang, Toxicology and Applied
Pharmacology 234 (2009) 222-235
Po-Chiao Lin, Shu-Hua Chen, Kai-Yi Wang, Mu-Lin Chen, Avijit Kumar
Adak, Jih-Ru R Hwu, Yu-Ju Chen, Chun-Cheng Lin. Anal. Chem.
81(2009)8774-8782
Jing Ding, Ke Tao, Jiyu Li, Sheng Song, Kang Sun. Colloids and Surfaces B:
Biointerfaces 79(2010)184-190
Hui Shi, Xiaoxiao He, Yuan Yuan, Kemin Wang, Dan Liu. Anal. Chem.
82(2010)2213-2220
O. Treeck, G. Pfeiler, F. Horn, B.Federhofer, H. Houlihan, A. Vollmer, and O.
Ortmann. Mol. Cell. Endocrinol 264(2007)50-60
C. Cecchi, A.Pensalfini, S. Baglioni, C. Fiorillo, R. Caporale, L. Formigli, G.
Liguri, M. Stefani. FEBS J.273(2006)2206-2222
C.A Piantadosi, H.B. Suliman.. J. Biol Chem. 281(2006)324-333
Feng Shi, Shigeyuki Kawai, Shigetarou Mori, Emi Kono, Kousaku Murata.
FEBS Journal 272(2005)3337-3349
Kai-Uwe Frohlich, Hans-Werner Fries, Jan-Michael Peters, Dieter Mecke.
Biochimica et Biophysica Acta 1253(1995)25-32
Stefan Fujs, Martina Ekert, Janez S¢anéar, Peter Raspor. Journal of Basic
Microbiology 47(2007)301-308
Ludwig k. Limbach, Yuchun Li, Robert N. Grass, Tobias J. Brunner, Marcel A.
Hintermann, Martin Muller, Detlefgunther, Wendelin J. Strak. Environ. Sci.
Technol 39(2005)9370-9376
RET ~MEE T FAG
BRFRAL” Ay 1 4
£ 3

F R Blir e i A B kR AR

44
Re%1x 22 my > IOSH97-H323 > 2009

18



Part Il 2+ 2 Figk P Fimie et s S5 2 B
I.  INTRODUCTION

The biomedical applications of magnetic nanoparticles are well known in drug
delivery, cellular labeling, cell separation, tissue repair, and magnetic-resonance
imaging. Since these applications involve humans or animals, it is essential to study
their toxicity to humans and the environment.

Cell-based assay is currently an important method used for all nanotoxicological

research. Since all drugs are, in the end, metabolized in the liver, drug-induced
liver injury has been the biggest single cause of safety-related drug-marketing
withdrawals in the last 50 years[1]. Liver-cell models are increasingly used to
evaluate chemical hepatotoxicity, and these now play an important role in the
drug-development process [2]. The MTT (3-(4, 5-Dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide, a tetrazole) assay is one of most commonly used
methods for the assessment of cell viability.

MTT measures the activity of mitochondrial succinate dehydrogenase, which
reduces MTT to purple formazan in living cells. Since reduction of MTT can only
occur in metabolically active cells, the MTT assay allows the assessment of the
viability and proliferation of cells. The quantity of formazan formed is proportional to
cellular viability. Forming formazan in living cells is a time-consuming process,
however, since cells must be raised with MTT for 3 to 4 h. Formazan is a
water-insoluble chemical, and is generally solubilized using DMSO or isopropyl
alcohol. These organic solvents are not environmental friendly.

Electrochemical measurements of respiratory chain activity have been used to
evaluate cellar viability and used to study the cytotoxicity of chemicals. Mediated
electrochemistry based on a single-mediator or double-mediator system has been used
for studying redox activity of Saccharomyces cerevisiae cells (yeasts)[3-7], and cancer
cells, such as Hep G2[8, 9] and HL-60 [10]. Different cell types require different
mediators [7]. Certain mediators can dramatically improve the performance by acting
as an electron shuttle between an intracellular reducing center and an external
electrode[7]. To our knowledge, electrochemical detection has not yet been
demonstrated as a method for probing the viabilities of primary liver cells. In this study,
we aim to evaluate the respiratory effect of magnetic core/shell
(Fe;O4@polyacrylamide) nanoparticles, and identify optimal conditions for a simple
and rapid electrochemical method as a substitute for MTT assay in assessing the
viability of hepatocytes.

II. MATERIALS AND METHODS

A. Reagents and apparatus

Dimethyl sulfoxide (DMSO), phosphate buffered saline (PBS), potassium
ferricyanide (BioUltra, >99.0%, containing hexacyanoferrate (II) ([Fe(CN)s]") <200
mg kg'), potassium  ferrocyanide  (BioUltra, >99.5%), and  3-(4,
5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT, a tetrazole), were
purchased from Sigma (St. Louis, MO, USA). William’s E medium, antibiotics
mixture (50 ug mL™" of penicillin, 50 pg mL" of streptomycin, and 10 ug mL™" of
neomycin), glutamine, and non-essential amino acids (NEAA) were from Gibico
(Grand Island, NY, USA). Fetal bovine serum (FBS) was from Biological Industries
Ltd. (Kibbutz Beit Haemek, Israel). Culture dishes and microplates were from Nunc
(Roskilde, Denmark). Three screen-printed electrodes (SPE) consisting of a carbon
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working electrode, a carbon counter electrode and a pseudo-silver reference electrode,
were from Zensor R&D Co. (Taichung, Taiwan). EmStat, an electrochemical sensor
interface with PSTrace software (PALM instruments BV, Houten, Netherlands) were
used for electrochemical measurements. Flex Station 3 microplate reader (Molecular
Devices, Sunnyvale, CA, U.S.A.) was used to measure the absorbance of the MTT
assay.

The preparation of magnetic and core/shell nanoparticles (Fe;O4@polyacrylamide)
have been described in previous study [11]. The diameters of the iron oxide and
core/shell nanoparticles were approximately 40nm and 80nm, respectively.

B. Cell culture

Normal rat liver cells were provided by professor Hwang at Department of Applied
Chemistry, Chung Shan Medical University. Primary hepatocytes were isolated from
male Wistar rats (weighing 200~250g), as described by Hwang et al. [12]. Rat
hepatocytes were cultured in William’s E medium supplemented with 10% FBS, 2
mM glutamine, and 1% antibiotic mixture at 37 °C in a humidified atmosphere with
5% CO; and 95% air. Primary rat hepatocytes were then seeded in 24-well culture
plates or in 10-cm culture dishes. Cells were allowed to attach for 12h, then the
cultured medium was replaced with fresh culture medium (control samples) or with
medium supplemented with magnetic nanoparticles for cytotoxicity study (test
samples).

C. MTT-assay assessment of cellar viability

After incubating with the magnetic nanoparticles, we removed the cultured
supernatants and added fresh medium with MTT (0.5mg mL™) to incubate at 37°C for
4 h. After removing the MTT medium, DMSO was added to dissolve formazan
crystals. The absorbance of formazan was measured at 550 nm. The percentage of
viability was calculated using the following equation:

Atest B Ablank % 100%
Acontrol a Ablank

Where Agst  is the absorbance of the cells cultured with magnetic nanoparticles,
Acontrol 1S the absorbance of normal cultured cells, and Apjank 1S absorbance of culture
medium.

viability % =

D. Electrochemical assessment of cellular viability

After incubating with the magnetic nanoparticles, we removed the cultured
supernatants and added fresh medium with ferricyanide and succinate. After 20
minutes, 50 uL of the medium was withdrawn, and applied to the surface of SPE for
measuring the oxidation current (i) of ferrocyanide.

The percentage of viability was calculated using the following equation:

viability % = —bes Dok 0004

Icontrol - Iblank
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E. Statistical analysis

All experiments were repeated in four replicates. Data in the figures were expressed
as the meantstandard deviation. We determined statistical significance of the data
using one-way ANOVA or t-test by Microsoft Excel®. Differences were considered
significant at the level of p<0.05.

III. RESULTS AND DISCUSSION

A. Optimization of electrochemical detection

We used a flow-injection analysis system with amperometric detection in the hope
of speeding up electrochemical detection. The cultured medium contained a high
concentration of proteins, however, and quickly caused electrode fouling (data not
shown). We used chronoamperometry with disposable screen-printed electrodes as an
alternative method to solve this problem. The optimized potential at +0.4 V was
applied for 60 seconds. The chronoamperogram showed that the limiting current of
diffusion control was reached at 40 seconds. Figure 1 shows the plot of the limiting
currents at 40 seconds versus ferrocyanide concentrations. The results show that the
current responses are proportional to the ferrocyanide concentrations with a linear
range of 0.03~ 1.0 mM (R*=0.9923), and detection limit (S/N=3) at 32 uM. The
disposable SPE solves the protein-adsorbing problem, as well as the problem of cross
contamination from well to well. The limiting current with minimized nonfaradic
current improved the reproducibility of detection.

Figure 2 shows the mediator-assisted effect of ferricyanide concentration on
electrochemical detection. We performed the mediator-assisted assessment using 5
mM succinate and various concentrations of ferricyanide. The respiratory cycle of
cultured cells produced a measurable amount of ferrocyanide when cultured medium
was supplemented with 10 mM ferricyanide and 5 mM succinate, and reacted for more
than 20 min. In regard to sensitivity, these conditions were chosen for later
experiments.

B. Cell counts assessed by electrochemical detection and MTT assay

Figures 3a show the current response versus cultured density of rat hepatocytes. The
oxidation currents were linearly increased with the cultured cell density (R?=0.9944).
Figure 3b shows a good correlation of normalized current with normalized absorbance
of MTT assay. The absorbance reached a plateau for the cell density greater than 3
x10° cells mL™"', because a limited amount of MTT reagent was used in the assay. The
linear range of the electrochemical method is wider than that of the MTT assay under
this condition.
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Figure 1. Chronoamperometric current response versus ferrocyanide concentration at
time of 40 s after applying +0.4 V vs. pseudo-Ag. The ferrocyanide was prepared in a
culture medium with 10% FBS, 10.0 mM ferricyanide and 5.0 mM succinate.
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Figure 2. The effect of ferricyanide concentration on electrochemical detection at
various culture time. Rat hepatocytes (3 x10°) were seeded in 10 cm culture dishes
with 5 mL culture medium.

C. Respiratory effect of Fe;0,@polyacrylamide magnetic nanoparticles on
hepatocytes
We used the chronoamperometric method and MTT assay to evaluate the
respiratory effect of Fe;O4@polyacrylamide magnetic nanoparticles on the viabilities
of primary rat hepatocytes. The results are shown in Figure 4.

The cell viabilities assessed by either chronoamperometry or MTT assay were
analyzed by ANOVA using Microsoft Excel®. The viabilities of cells cultured with
magnetic nanoparticles at a concentration range of 0 to 100 ug mL" showed no
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significant difference. The preliminary results show that Fe;Os@polyacrylamide
magnetic nanoparticles have no significant effect on liver-cell respiration.
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Figure 3. (@) Current response versus rat hepatocyte density. The error bar represents a
standard deviation for n=4. (b) The correlation of normalized current produced by
oxidation of ferrocyanide and normalized absorbance of formazan. The normalized
responses are based on the responses of 3 x 10° cells mL™.
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Figure 4. The viability effect of Fe4O3@polyacrylamide magnetic nanoparticles.
Primary rat hepatocytes (3x105 cells/well) were treated with magnetic nanoparticles for

30 h.

IV. CONCLUSION

We compared the viabilities of cells treated with same amount of nanoparticles

and measured by chronoamperometry with those of the MTT assay by t-test. Again, the
result showed no statistically significant difference. The chronoamperometric method
can be used as a quick alternative method for assessing liver-cell respiratory activity.
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The respiratory effect of magnetic core/shell(Fe;O,@polyacrylamide) nanoparticles, assessed

using both MTT viability assay and chronoamperometric method
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Abstract

We evaluated the respiratory effect of Fe;O4@polyacrylamide magnetic nanoparticles using
both the MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, a tetrazole)
viability assay and the chronoamperometric method, based on screen-printed carbon electrodes
(SPE). Preliminary results show that nanoparticles have no significant effect on the respiration of
rat liver cells, according to both detection methods. The chronoamperometric method using SPE
shows that the current responses are proportional to the ferrocyanide concentrations, with a linear
range of 0.03~ 1.0 mM (R?=0.9923), and detection limit (S/N=3) at 32 uM. The results of paired
t-test analysis indicates that assessment of hepatocyte viabilities based on the

chronoamperometric method were comparable to those of the MTT viability assay. The



chronoamperometric method can be used as a quick alternative method for assessing liver-cell

viability.
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Introduction

The biomedical application of magnetic nanoparticles, for example in drug delivery,
cellular labeling or cell separation, tissue repair, and magnetic-resonance imaging, are well
known. Since these applications involve humans or animals, it is important to study their
toxicity to humans and the environment.

Cell-based assay is currently an important method used for all nanotoxicological research.
Since all drugs are, in the end, metabolized in the liver, drug-induced liver injury has been the
biggest single cause of safety-related drug-marketing withdrawals in the last 50 years(Center for
Drug Evaluation and Research and Center for Biologics Evaluation and Research 2009).
Liver-cell models are increasingly used to evaluate chemical hepatotoxicity, and these now play
an important role in the drug-development process (Guillouzo 1998). The MTT (3-(4,
5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, a tetrazole) assay is one of most
commonly used methods for the assessment of cell viability. MTT measures the activity of

mitochondrial succinate dehydrogenase, which reduces MTT to purple formazan in living cells.



Since reduction of MTT can only occur in metabolically active cells, the MTT assay allows the
assessment of the viability (cell counting) and proliferation of cells. The quantity of formazan
formed is proportional to cellular viability. Forming formazan in living cells is a
time-consuming process, however, since cells must be raised with MTT for three to four hours.
Formazan is a water-insoluble chemical, and is generally solubilized using DMSO or isopropyl
alcohol. These organic solvents are not environmental friendly.

Electrochemical measurements of respiratory chain activity have been used to evaluate
cellar viability and used to study the cytotoxicity of chemicals. Mediated electrochemistry based
on a single-mediator or double-mediator system has been used for studying redox activity of
Saccharomyces cerevisiae cells (yeasts)(Krommenhoek et al 2007; Roustan & Sablayrolles
2003; Zhao et al 2007; Zhao et al 2005; Zhao et al 2008), and cancer cells, such as Hep G2(Ju &
Park 2005; Pemberton et al 2009) and HL-60 (Li & Ci 2000). Different cell types require
different mediators (Zhao et al 2007). Certain mediators can dramatically improve the
performance by acting as an electron shuttle between an intracellular reducing center and an
external electrode(Zhao et al 2007). To our knowledge, electrochemical detection has not yet
been demonstrated as a method for probing the viabilities of primary liver cells. In this study,
we aim to evaluate the respiratory effect of magnetic core/shell (Fe;Os@polyacrylamide)
nanoparticles, and identify optimal conditions for a simple and rapid electrochemical method as

a substitute for MTT assay in assessing the viability of hepatocytes.

Materials and Methods
Reagents and apparatus
We used the following reagents and apparatus in this study:
3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT, a tetrazole),

dimethyl sulfoxide (DMSO), phosphate buffered saline (PBS), potassium ferricyanide



(BioUltra, >99.0%, containing hexacyanoferrate(Il) ([Fe(CN)6]4'): <200 mg kg'l), and
potassium ferrocyanide (BioUltra, >99.5%) from Sigma (St. Louis, MO, USA). We used
these without further purification. William’s E medium, antibiotics mixture (50 pg mL™" of
penicillin, 50 ug mL™" of streptomycin, and 10 pg mL™ of neomycin), glutamine, and
non-essential amino acids (NEAA) from Gibico (Grand Island, NY, USA). Fetal bovine
serum (FBS) from Biological Industries Ltd. (Kibbutz Beit Haemek, Israel). Culture dishes
and microplates from Nunc (Roskilde, Denmark). Three screen-printed electrodes (SPE)
consisting of a carbon working electrode, a carbon counter electrode and a pseudo-silver
reference electrode, from Zensor R&D Co. (Taichung, Taiwan). EmStat, an electrochemical
sensor interface with PSTrace software (PALM instruments BV, Houten, Netherlands). We
used this for potential control and for data acquisition during electrochemical measurements.
Flex Station 3 microplate reader (Molecular Devices, Sunnyvale, CA, U.S.A.). We used this
to measure the absorbance of the MTT assay.

Magnetic core/shell (Fe;O4@polyacrylamide) nanoparticles were provided by
professor Fuh at Department of Applied Chemistry, National Chi Nan University. The
properties of magnetic nanoparticles have been described in a previous study (Tsai et al
2010). The diameters of the iron oxide and core/shell nanoparticles were approximately

40nm and 80nm, respectively.

Cell culture

Normal rat liver cells were provided by professor Hwang at Department of Applied Chemistry,

Chung Shan Medical University. We isolated primary hepatocytes from male Wistar rats

(weighing 200~250g), as described by Hwang et al. (Hwang et al 2005). Rat hepatocytes were

cultured in William’s E medium supplemented with 10% FBS, 2 mM Glutamine, and 1%

antibiotic mixture at 37 °C in a humidified atmosphere with 5% CO; and 95% air. We then



seeded primary rat hepatocytes in 24-well culture plates or in 10cm culture dishes. Cells were
allowed to attach for 12 hours before we replaced the culture medium with fresh culture medium
(control samples) or with medium supplemented with magnetic nanoparticles for cytotoxicity

study (test samples).

MTT-assay assessment of cellar viability

After incubating with the magnetic nanoparticles, we removed the cultured supernatants and
supplemented fresh medium with MTT (0.5mg mL™), before  incubating at 37°C for a further 4
hours. After removing the MTT medium, we added DMSO, in order to dissolve the formazan
crystals. The absorbance of formazan was measured at 550nm. We calculated the percentage of

viability using the following equation:

Atest B Ablank x 100%
Acontrol - Ablank

viability % =

Electrochemical assessment of cellular viability

After incubating with the magnetic nanoparticles, we removed the cultured supernatants and
supplemented fresh medium with ferricyanide and succinate. After 20 minutes, we withdrew 50
puL of the medium and applied it to the surface of the SPE. We then measured the oxidation
current of the ferrocyanide.

We calculated the percentage of viability using the following equation:
viability % = et Do 1600,

I control a I blank

Statistical analysis

All experiments were repeated in four replicates. Data in the figures were expressed as the



meantstandard deviation. We determined statistical significance of the data using one-way
ANOVA or Student’s t-test by Microsoft Excel®. Differences were considered significant at the

level of p<0.05.

Results
Optimization of electrochemical detection
We used a flow-injection analysis system with amperometric detection in the hope of speeding
up electrochemical detection. The cultured medium contained a high concentration of proteins,
however, and quickly caused electrode fouling (data not shown). We used chronoamperometry
with disposable screen-printed electrodes as an alternative method to solve this problem. The
optimized potential at +0.4 V was applied for 60 seconds. The chronoamperogram showed that
the limiting current of diffusion control was reached at 40 seconds. Figure 1 shows the plot of
the limiting currents at 40 seconds versus ferrocyanide concentrations. The results show that the
current responses are proportional to the ferrocyanide concentrations with a linear range of 0.03~
1.0 mM (R?=0.9923), and detection limit (S/N=3) at 32 uM. The disposable SPE solves the
protein-adsorbing problem, as well as the problem of cross contamination from well to well. The
limiting current with minimized nonfaradic current improved the reproducibility of detection.
Figure 2 shows the mediator-assisted effect of ferricyanide concentration on
electrochemical detection. We performed the mediator-assisted assessment using 5.0 mM
succinate and various concentrations of ferricyanide. The respiratory cycle of cultured cells
produced a measurable amount of ferrocyanide when cultured medium was supplemented with
10.0mM ferricyanide and 5.0mM succinate, and reacted for more than 20 minutes. In regard to

sensitivity, these conditions were chosen for later experiments.

Cell counts assessed by electrochemical detection and MTT assay



Figures 3a and 3b show the current response versus cultured density of rat hepatocytes. The
oxidation currents were linearly increased with the cultured cell density (R*=0.9944). Figure 3¢
shows a good correlation of normalized current with normalized absorbance of MTT assay. The
absorbance reached a plateau for the cell density greater than 3 x10° cells mL™', because a limited
amount of MTT reagent was used in the assay. The linear range of the electrochemical method is

wider than that of the MTT assay in the current condition.

Respiratory effect of FesO,@polyacrylamide magnetic nanoparticles on hepatocytes

We used the chronoamperometric method and MTT assay to evaluate the respiratory effect of

Fe;O4@polyacrylamide magnetic nanoparticles on the viabilities of primary rat hepatocytes. The

results are shown in Figure 4.

Discussion
In the present study we evaluated the respiratory effect of magnetic
core/shell(Fe;O4@polyacrylamide) nanoparticles on rat liver cells using both MTT viability
assay and chronoamperometric method. The cell viabilities assessed by either
chronoamperometry or MTT assay were analyzed by ANOVA using Microsoft Excel®. The
viabilities of cells cultured with magnetic nanoparticles at a concentration range of 0 to 100 ug
mL™' showed no significant difference. The preliminary results show that
Fe;O4@polyacrylamide magnetic nanoparticles have no significant effect on liver-cell
respiration.

We compared the viabilities of cells treated with same amount of nanoparticles and
measured by chronoamperometry with those of the MTT assay by t-test. Again, the result
showed no statistically significant difference. The chronoamperometric method can be used as
a quick alternative method for assessing liver-cell viability.
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