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Assessment of Gold Nanomaterial Uptake in HepG2 Cells

by Single Particle ICP-MS and ICP-MS
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The cellular uptake of gold nanomaterials (AuNPs) was investigated in human liver HepG2 cells exposed
to 0.5 or 1 pg/mL of AuNPs for 24 hours. After the exposure period, the total gold concentration in the medium
and cells was observed to have increased significantly in a dose-dependent manner; gold nanomaterials were
mainly present in the medium, while some were present in the cells. SP-ICP-MS showed that the AuNPs con-
centration increased in the medium and cells, but the results were lower in comparison to the total gold con-
centration measured by ICP-MS. This difference was presumably due to the fact that AuNPs were ionized and
aggregated, and only a part of them retained a shape that is detectable by SP-ICP-MS. The median size of
AuNPs remained similar after 24 hours to that at initial exposure. In conclusion, this study confirmed the appli-
cability of SP-ICP-MS for the analysis of the concentration and size of AuNPs and the distribution pattern of

AuNPs in HepG2 cells.
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Al2F2] HepG2 MEol & YeEdS w55 43 &
A 71 2 nEZ=gel &4 To] FHEEUTY
AAN7IA] Az ] S4E esde] 358 SA]
Qg FAHORE feAgEet=rt AR (induc-
tively coupled plasma mass spectrometry, ICP-MS)”
2 x4 (atomic absorption spectroscopy,
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2.1. A|gE2E

B Alge] AR-3 Y842 polyvinylpyrrolidone
(PVP)E FHAZE FAIAH 40 nme] & Y=Ed
(CAS No. 7440-57-5, nanoComposix, USA)°|H, =&
AR Aol eEADS SR AR & FaA)
07 (JEM-1010, JEOL, Japan)e £ U=2do] <
oy 4 glo] I =A Eqkslo SkI33
3 (Fig. 1A), Image]™ Z2a#g ojgsle] A/ REE
=43 tHFig. 1B).
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2.2. M= Y =& s MY
HepG2 MXE 37°C, 5% CO, Z7A 10% fetal
bovine serum (FBS, Gibco, USA), 5mL MEM NEAA

Median size : 40.73 nm
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Fig. 1. (A) Transmission electronic microscopy (TEM) image and (B) size distribution of 40 nm AuNPs.
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(100X, Gibco, USA) % 1% penicillin-streptomycin
(Gibco, USAYS ¥3}tsl= DMEM high glucose ¥i#]
oA Adugste] U=Ed =& Al A3

AZ W 45 IRls] A% el =5 55
= A437] 9sll 96 well plate (Thermo Scientific,
USA)ol A 1x10* cells/well2 24417k F<t i S35t
HepG2 Al2zol] viAd 22384 (250WE 557
ANZ F e EE S 0.0625~1 ug/mle] FEE 244]
7F 5ok =53 5 MTT assay® A E AE=8-S &<l
3t MTT assays 93l WieEZo] X3 vix|E
AAS T A= WA 100 Wk 12 mM MTT &
(Thermo Fisher Scientific inc.,, USA) 10 ulg 7}s)
o 37°CoA] 4AI7F 53 BEEAIZL & MTT7} $hl =
AAE w4284 MTT formazan 273 DMSO
(Sigma, USA)Z Zofdll the mlo]=2 Fo|E g7]
(Tecan, USAYE o]€a1A 540nmellAe] S4=5 =4

shie.

A AEE ANES T8l A a2 =3A8S
21335139t} 6 well plateo] HepG2 MEZ 2x10° cells/
well2 2477F wj et &, miaE 253RE471(250 W)
oA 5EZF EAAIZ] F eEES 05 2 1 ugmle)
TER 24X7F B¢ E=ESIITh iemd =& A
£ 3431 045 um cellulose acetate ZEI(CHMLAB
GROUP, Spain)Z o3sli 3, AlEE 0.25% trypsin-
EDTAZ dolWl 3 1500 rpmOE 55-7F QA Ea) k]
A EZRES 28 T PBSE A FAIAA A8
HiA] B A2 Ag= [E 24 ICPMSHE dAs: 9
A7|EE A (SPICP-MS)o| 2zt Auk AR-31%iT),

ICPMS®E & = &5 A7) flal 7+ A= el
25 Ak delo] B Ae ik Fake] &3t
A (3:1, vol. ratio)®] L= AZ|sle] o] 3IA| XL}, vl
A ANEeF 5, Al 749 05 mLe] S5 A
g o Aol 1587 AN & SRR A6t
o] E4aksh.

SPICP-MSZ & Y=yAte] 3= 9 A7|EXE &
Asl7] S8l wiAlE R A#gt AlRE SRTE 3
A T ukE ARSI, AlES] AS- AE YR S
ek #E)siui7] 918l 0.1% triton X-100 1 mL
A g F oA WXZE S RESAITIHA Al
£33k U3 0.45 um cellulose acetate ZE|Z &
T FRTE At s

oo o

Table 1. Analysis conditions for SP-ICP-MS and ICP-MS

Subject Analysis conditions
RF generator power 1570 W
Carrier gas 0.83 L/min
Nebulizer pump 0.1 rps
Nebulization pump rate 0.346 mL/min

Mass monitored 197Au

Sample depth 8.2 mm
Integration time (SP-ICP-MS) 0.1 ms
Acquisition time (SP-ICP-MS) 60 s

2.4, HiX] Y M= W L}==E 2M

Wiz 2 AX U F F F=ICP-MS)9} 94 5%
2 7B E(SPICP-MS)E Agilent 7900 quardrupole
ICP-MS =4 (Agilent, USA)S Time-resolved analysis
(TRA) modeZ EAI3ITH & AT} FU3t F2974H)
92 g AN AT A, 5 Bl e
20~100 nm, FHEEE 40~100 nme] IS 2=
UAF WA Q2PHSY] +20% U= BN 7Fssl9e
™, 80 nm 27| & We=Ede] diFeE T4 i
A8 (Accuracy) 2 A2 = (Precision)= 2F 99.66 2
1.60%= SR1=ATt

B A Fol|A] E4] do]eE Mass hunter 7.0 HAZE
dolZ2 AP oH, F = Y Al 78] A
T A AR GAS A7t i Alse] gk
o] AEFHEE AXEYAE AY3HL, YA v E
7] BXE B4 Adle &2 2AAZRE Q8] et
= B9 I2 A7 BYARe] Ao JEEHES
AASIATE. 71EF 71719 B4 27142 Table 13 2t}

25. HiX] % MIZ LH LH-QX} 2HEH

FUEZ =2 5 oA 2 AE ol sk U
E=YPAE AU A (transmission electronic mic-
roscopy, TEM)S. 2 #Z3I3T) =& 24717 &, v A
£ TeHEE 9ol 2~38-8 Holmd vy 128]=(300
mesh)E Hix|9} @Al Qv 1387+ WXAIA wjx]
ez g =l T2 9 viR]) O] g A As)H
7] 91 wiR| e} 22 o s SRl 187 WA
Atk We=gAE 2E|sol| FEATL 9E AlASHE

Gt Alxe] A9 AXEE 0.25% trypsin-EDTAZ W]
ol tha 1,500 rpmollA] 517 A4litE|ste] AlE
23 &, 25% FFEILHSo|=2 24478 Fek A
A B 1% S2F A0 7oA 2417 B9 $L
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2.6. SAHIX2

AR SPSS 18.0(SPSS Inc., USA)S o]-g-3}o]
Figth. ol p<0.052 Ao B
B8-S 7Hst BEAR I UAlEA (One-way

ANOVA)E 2-831%19m, LSD=E A]—‘67—17g S 2Bk
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3.1. M= M=Eg solg Sst LI EE 25T MY
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S e WA, Yen o] AolA] mRo- thAlHE
2 J774. Al M2l | Y=EES =535 A5 Hli
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o EAsle & WeBde] v U AV|REE I3
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= 6“"* =, °1E $19 HepG2 AlEol F Yix
&, AlEe] ek st 3 A
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= 3 F %1%12111 (Fig. 24), ANX AEE RIS
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Fig. 2. (A) Morphological changes and (B) viability of HepG2 cells exposed to AuNPs.
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Fig. 3. Total gold concentration in (A) medium and (B) HepG2 cells exposed to AuNPs for 24 hours (*p<0.05).
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Fig. 4. (A) AuNPs concentration in medium, size distribution in media exposed to (B) 0.5 and (C) 1 ug/mL AuNPs. (D)
AuNPs concentration in HepG2 cells, size distribution in HepG2 cells exposed to (E) 0.5 and (F) 1 ug/mL AuNPs.
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Fig. 5. TEM images of particles in (A) medium and (B) HepG2 cells exposed to AuNPs for 24 hours.
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