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The biological safety of nanomaterials is a worldwide concern considering the extensive usage of nanoparticles in daily life
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as well as in medical care. However, toxicity evaluation of nanomaterials has met difficulties because of unique propert -

of nanomaterials. Here, we have investigated the interference of nanoparticles on the toxicity evaluations. Silve~

nanoparticles (AgNPs) with different sizes and surface coatings were used as model materials. Several widely used assays,

such as lactate dehydrogenase (LDH) release, MTS assay and nitric oxide (NO) measurement, have been investigated in our

study. Our results showed that 20 nm PVP-coated AgNPs with a concentration of 42.8 ng mL™" affected LDH detectior
about 50%, while citrate-coated 20 nm AgNPs with a concentration of 42.8 ug mL" affected LDH detection about 70%.
Moreover, 20 nm AgNPs with a concentration of 42.8 g mL* disturbed MTS assay and NO measurement about less thar.

20% and 10%, respectively. Based on our results, nanoparticles with higher concentrations gave more interference

Therefore, for accurate toxicity evaluation of nanoparticles, it is very necessary to limit particle concentrations or choose

other approaches free from the interference.

1. Introduction

The European Commission has defined nanoparticles as
materials whose main components have one dimension
between 1 and 100 billionth of a meter'. In recent years,
engineered nanomaterials are increasingly applied in daily life
products because of their unique characteristics including a
large specific surface area, high chemical reactivity, and high
internal pore volumes when compared with large-sized
materials’. Along with the extensive applications, the potential
health concerns resulted from the inevitable human exposures
to nanomaterials have been raised due to a lack of a clear
understanding of their specific interactions with biological
systems. So far, the published results about the evaluations of
nanomaterial biosafety are almost directly obtained through
traditional biological methods. However, it might not
guaranteed that these methods can work equally well for
nanomaterials. Due to their special properties, nanomaterials
may interfere with these assays and produce false positive or
false negative data leading to an unreal assessment of toxicity.
Rodriguez-Lorenzo L. et al. have mentioned that the higher
concentration of gold nanoparticles (AuNPs) interfere with

colorimetric assays such as lactate dehydrogenase (LDH) assays.

Nanomaterials’ interference can happen during every
evaluation procedure. Firstly, nanomaterials may interact with
molecules including chemical compounds and biological
macromolecules (proteins) in the solution®®. Here, there are
two possible interactions. One is that nanomaterials can
absorb assay compounds onto the surface of nanomaterials
and then decreases the effective concentrations of chemical
compounds and/or enzymes in the solution’. For example, due
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to the replacement of active sites by the binding sites the
tryptophanase lost the enzymatic activity upon associating
with bare or carbonate-coated silver nanoparticles (AgNPs)s.
And it has been also validated that a lot of molecules including
biological macromolecules (e.g. proteins) have a strong affinity
for nanoparticless. It’s also reported that dye molecules from
MTT or WST-1 assays can be absorbed by single-walled carbo..
nanotubes which include activated carbon, impairing the
precise measurements”™. AgNPs interfere with LDH assay
partly due to LDH absorption onto AgNPs* 2. The other
possible interaction is that nanomaterials can directly or
indirectly react with agents such as small molecules and
enzymes used in the assay. The key properties of
nanomaterials can govern the interaction between enzyme
and nanoparticlesla. Some carbonaceous nanomateirals
including single-walled carbon nanotubes could reduce the
tetrazolium compound in MTT assays to the formazan product
in cell-free systemsm’ 1 AuNPs or platinum particles can
catalyze the oxidation of dihydronicotinamide adenine
dinucleotide (NADH) to NAD" which are involved in LDH assay'®
% Reactive oxygen species (ROS) may be another reason for
the false results in a LDH assay for AgNPs”.

Secondly, the optical properties of nanomaterials cc -
interfere with light absorption and/or fluorescence in the
optical signal detection. Many biological quantitative assays
including viability assays (MTT, MTS, WST-1 or XTT), LDH ass y
for detecting membrane integrity rely on light absorption o
fluorescence measurements. Some nanomaterials includir g
carbonaceous and metal particles including AuNPs and AgNi
have plasmonic excitation in the visible region which can cau: .
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light absorption, fluorescence quenching or enhancing.
Accordingly, these particles might the product
absorption spectrum, thereby confounding the testing
results’®. The interference from light absorption or
fluorescence of nanomaterials is generally related to the
composition and concentrations of materials®’.

AgNPs due to their broad-spectrum antimicrobial properties
have been used in consumer products than any other
nanomaterials'®?°. As antimicrobial agents, AgNPs are applied
in food supplements, food packaging materials, disinfectants,
electronic appliances, air filters, coatings on medical devices
and cosmetic products“’ 2 n addition, AgNPs have been
confirmed to have anti-fungi, anti-virus, anti-inflammation,
anti-biofilm and anti-thrombosis effects as well as enhance
wound heaIingB’zg. AgNPs can also increase cell membrane
permeability, promote reactive oxide species (ROS) production,
induce apoptosis and cause genotoxicity by DNA damage3°.
The increased global applications of AgNPs in various fields
require a more detailed understanding of their potential
biological toxicity.

Here in the present study, we have investigated the
interference of AgNPs with different sizes and surface coatings
on several common biological assays for toxicity evaluation.
Our results have showed that AgNPs exhibits different effects
on the detection of LDH release, MTS assay and nitric oxide
(NO) measurement. This study illustrates that the disturbance
of nanomaterials (e.g. AgNPs) on the detection per se might be
tested for the assay suitability so that the best way can be
chosen for the toxicity assessment in the future.

impair

2. Experimental section

2.1 Materials

Endotoxin-free AgNPs (#AGPB20, #AGCB20, #AGCB110) were
purchased from NanoComposix.  Triton-X-100, LDH,
lipopolysaccharide (LPS), N-(1-naphthyl) ethylene
diaminedihydro chloride (NED), sulfanilamide, phosphoric acid
(H3PO,) and 0.1M sodium nitrite (NaNO,) were purchased
from Sigma-Aldrich. Dulbecco's Modified Eagle's Medium
(DMEM), RPMI 1640 (without phenol red), 1x phosphate
buffered saline (PBS), 100 x penicillin/streptomycin were
purchased from Cellgro. Fetal bovine serum (FBS) was from
Hyclone. Glutamax and 0.25% Trypsin were purchased from
Gibco. LDH Cytotoxicity Detection kit was purchased from
Roche. And CellTiter 96®°Aqueous One Solution was bought
from Promega.

2.2 Characterization of AgNPs

AgNPs were thoroughly characterized prior to use. The
morphology and sizes of AgNPs were studied with an
operating voltage of 200 kV by transmission electron
microscopy (TEM, Tecnai F20, FEI, USA). A drop of AgNP
suspension in water at the concentration of 5 g mL™ was
added onto a copper grid coated by a carbon membrane and
dried at room temperature. UV-vis spectral analysis of AgNPs
was performed using a Lambda 950 spectrophotometer
(Lambda 950, PerkinElmer, USA) from 200 to 800 nm. The
hydrodynamic size and zeta potential of AgNPs were analyzed
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by dynamic light scattering (DLS) on a Malvern Zetasizer Nano
ZS (Malvern Instruments, Worcestershire, UK) at 25°C. AgNT®
were dispersed in deionization water, DMEM culture medium
with 1% FBS and DMEM culture medium with 10% FBS,
respectively. Additionally, all AgNPs were endotoxin-fri e
according to the product datasheets.

2.3 Cell culture

Human hepatoma carcinoma cell line Hep G2 and mouse
macrophage cell line RAW 264.7 were purchased from
Institute of Basic Medical Sciences, Chinese Academy of
Medical Sciences. The Hep G2 cells were cultured in regular
growth medium consisting of high glucose DMEM and RAW
264.7 in RPMI 1640 supplemented with 2 mM Glutamax, 100 U
mL™ penicillin/100 pg mL™ streptomycin and 10% FBS at 37°C
in a 5% CO, humidified incubator. Exponentially growing Hep
G2 cells were detached with 0.25% trypsin-EDTA, while RA.
264.7 cells were blown off with a pipette.

2.4 Lactate dehydrogenase (LDH) release

As a general assessment for cytotoxicity, the release of LDH
from destroyed cells was measured with the Cytotoxicity
Detection Kit (Roche, Germany).

To evaluate the interference of AgNPs on LDH detection, thi-
experiment was designed according to the kit manual and
carried out without cells. Briefly, DMEM medium (DMEM +10%
FBS), assay medium (AM, DMEM +1% FBS), LDH standard
solution, and AgNPs of different concentrations were added
into a 96-well plates. The total volume in each well was 200 p.L.
After shaking, 100 pL of supernatant was transferred to
another 96-well plate followed by the addition of 100 pl
reaction solution. After 30 min incubation at room
temperature, LDH was quantified photometrically +
measuring at 490 nm with 680 nm as reference wavelength by
a microplate reader (Infinite 200, Austria). This experiment
was repeated at least three times.

For LDH assay with cells, Hep G2 cells were seeded in a 96-
well plate at 4x10” cells per well and permitted to grow for 24
h at 37°C in a 5% CO, humidified incubator. Then, the medium
was replaced with AM as the negative control (NC), 0.1%
Triton-X-100 as the positive control, 2% Triton-X-100 as the
maximum LDH release (max) or AgNPs for 24 h incubation.
According to the manual of Cytotoxicity Detection Kit (Roche,
Germany), the supernatant was transferred to another 96-well
plate followed by the addition of reaction solution. After 30
min incubation at room temperature, the absorbance ([A]) was
measured at 490 nm with 680 nm as the reference wavelengun
using a microplate reader. The relative activity LDH (%) was
calculated by ([Alsample-[Alnc)/([Almax-[Alnc)x100%. [A] was the
absorbance subtracted with the corresponding background in
cell-free condition.

2.5 Cell viability assay (MTS assay)

MTS (3-(4, 5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium,
inner salt) assay was performed with CellTiter 96® AQueous
One Solution Reagent (Promega, USA).

This journal is © The Royal Society of Chemistry 20xx
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To explore the disturbance of AgNPs on MTS assay, briefly,
cells were seeded in a 96-well plate at 8x10* cells per well and
permitted to grow for 24 h at 37°C in a 5% CO, humidified
incubator. Control wells were filled with DMEM culture
medium. Subsequently, 20 pL CellTiter 96®Aqueous One
Solution Reagent as well as 20 uL AgNPs was added into each
well. After 2 h incubation at 37°C, the absorbance was
measured at 490 nm using a microplate reader. This
experiment was done at least three times.

For the actual cell viability assay, Hep G2 cells were seeded
in a 96-well plate at 4x10° cells per well. After 24 h incubation,
the old medium was removed. AgNPs were added into the
corresponding wells. Then, the plate was placed at 37°C in a 5%
CO, humidified incubator for another 24 h. 20 pL of CellTiter
96®Agueous One Solution Reagent was added into each well.
After 2 h incubation at 37°C, the absorbance was measured at
490 nm using a microplate reader. The relative cell viability (%)
was calculated by [Alsampie/[Alcontrox100%. [A] was the
absorbance subtracted with the corresponding background in
cell-free condition.

2.6 Nitric oxide production (NO assay)
The oxidative end-products nitrite (NO,) of antibacterial
effectors’ molecule NO in the cell culture medium was
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Fig. 1 Physicochemical characterizations of AgNPs. TEM images
and the corresponding particle size distributions (insets) of ('
AgNP-PVP-20, (b) AgNP-CIT-20 and (c) AgNP-CIT-110. (d) UV-vis
absorption spectra of AgNPs.

Table 1. Characterization of AgNPs.

assessed by Griess reagent. To evaluate the noncellular
interference of AgNPs on NO detection, the experiment was

carried out without cells. Briefly, RPMI 1640 culture medium
without phenol red, NaNO, standard solution, and different
concentrations of AgNP solutions were added into a 96-well
plate and incubated at 37°C for 24 h in a humidified 5% CO,
incubator. The total volume in each well was 100 uL. Then, 100
uL Griess reagent or 2.5% H3PO, was added into the
corresponding wells. After shaking, the 96-well plate was
placed on a microplate reader for the absorbance detection at
550 nm. This experiment was conducted at least three times.

3. Results and discussion

3.1 Physicochemical characterization of silver nanoparticles
(AgNPs)

The size distribution and morphology of AgNPs were
characterized by transmission electron microscopy (TEM) (Fig.
la-c). 20 nm PVP-coated AgNPs (AgNP-PVP-20), 20 nm citrate-
coated AgNPs (AgNP-CIT-20) and 110 nm citrate-coated AgNPs
(AgNP-CIT-110) were used in our experiments. TEM images
revealed that AgNPs were approximately in a spherical shape.

o AgNP-PVP-  AgNP-CIT- AgNP-CIT-
Characterization
20 20 110
Size/nm(TEM) 23.344.1 22.7+3.7 101.1+8.7
Morphology spherical spherical spherical
Amax/nm(Water) 400 400 501
dy /nm(Water) 43.2+0.9 25.2+0.3 112.4+1.7
Z/mV(Water) -11.8+0.6 -23.9+0.9 -31.9+0.5
dy /nm (DMEM
with 1% FBS, 121.5+1.0 139.1+0.8 148.1+2.8
AM)
/mV (DMEM
with 1% FBS, -13.710.6 -10.5+0.5 -9.6+0.4
AM)
dy /nm (DMEM
. 144.6%2.7 84.5+0.5 165.4+1.8
with 10% FBS)
/mV (DMEM
-11.7+1.4 -11.2+0.8 -10.0+0.6

with 10% FBS)

The average diameters and the size standard deviation of
AgNPs were 23.314.1 nm for AgNP-PVP-20, 22.7+3.7 nm for
AgNP-CIT-20, and 101.1 *= 87 nm for AgNP-CIT-110,
respectively. Particle size distribution demonstrated a narrow
size distribution statistically obtained by TEM images.

This journal is © The Royal Society of Chemistry 20xx

The maximum absorption wavelengths of AgNPs were
around 400 nm for AgNP-PVP-20 and AgNP-CIT-20, and 501
nm for AgNP-CIT-110. The hydrodynamic size (dy), particle
agglomeration, and zeta potential ({) of AgNPs in wat
solution as well as in different culture media used in this study
were summarized in Table 1. In water, there was no
aggregation for citrate-coated AgNPs (20 or 110 nm) and or y
mild aggregation of AgNP-PVP-20 as hydrodynami.
diameter was 43.2 = 0.9 nm. However, much mo: .
aggregation for both AgNP-PVP-20 and AgNP-CIT-20 in cultu. -
medium supplied with serum (>100 nm of the hydrodynam’

its
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diameter). That indicated that the culture medium can
promote AgNP aggregation”’ 2 The zeta potentials for AgNP-
PVP-20, AgNP-CIT-20 and AgNP-CIT-110 in water were -11.8+
0.6 mV, -23.9+£0.9 mV and -31.94+0.5 mV, respectively. And
all AgNPs showed negative surface charge in cell culture
medium.

3.2 The interference of AgNPs on the detection of lactate
dehydrogenase (LDH) release

incubate

(@ () AgNPs ———
l release
LD
NAD® + Lactate <——— Pyruvate + NADH
a e
H ; ]
H,C.g.COO \“,ko
OH o
2) Pyruvate  + Formazan
[+] 50
.\N"ko ¢y M HeeeneR_
o =/ =N* H
N
/ Ty
™ '{‘N
(b) 1) AgNPs .
l Incubate (0h/24h)
L
NAD* + Lactate <——— Pyruvate + NADH
2) Pyruvate  + INT ‘ Formazan

Scheme 1 The basis of LDH assay in our study with (a) or
without (b) cells. This assay involves three steps which are (1)
oxidization of lactate to pyruvate with LDH; (2) reaction of
pyruvate with tetrazolium salt iodotetrazolium chloride (INT)
to form formazan; and (3) detection of water-soluble formazan
dye.

LDH as a cytoplasmic enzyme could be released into the
cytoplasm upon the damage of cell membrane integrity. As a
general assessment for cytotoxicity, colorimetric assay for the
relative quantification of cell death and cell lyses, based on the
measurement of LDH activity released from the cytosol of
damaged cells into the culture supernatant. Based on Scheme
1%, to evaluate the interference of AgNPs on cytotoxicity
detection by LDH assay, four experimental groups were
designed according to the manual of Roche Cytotoxicity
Detection Kit (Table 2). Then the different value between
Group B and A could be compared with that between Group D
and C so as to investigate the total effects of AgNPs on LDH
assay.

Table 2. Four experimental groups in LDH detection to
evaluate AgNP disturbance. DMEM medium contained 10%
FBS. AM was DMEM medium supplied with 1% FBS.

Reaction solution 100 100 100 100

Volume(pL) A B C D
DMEM medium 100 100 100 100
AM 100 50 50 -
LDH standard - 50 - 50
solution
AgNP solution - - 50 50

4| J. Name., 2012, 00, 1-3

As shown in Fig. 2a, the addition of AgNP-PVP-20 decreased
the final absorbance of products in a dose-dependent manner,
which was approximately 62% of the control group at a
concentration of 0.05 U mL™ LDH and 49% of the control groug
at 0.5 U mL™ LDH, respectively, for 42.8 ug mL'lAgNP—PVP—ZO.
Therefore, we supposed that the interference of AgNPs would
be stronger at the higher concentration of LDH in the
supernatant. Moreover, based on the absorption spectrum
analysis of AgNP-PVP-20 by full wavelength scanning in the
LDH assay in Fig. 2b, there was no special absorption peak
from 450 nm to 550 nm besides the product peak at 490 nm,
suggesting that the background absorption from AgNP-PVP-2C
did not attribute to the AgNP influence on LDH detection.

(b)

(a) 120% -

100%
o 8% m Control 2
2 -
= 60% =535 pgml a
-3 L o |\
40% =214 pgml 14\
20% 28pugml’ | N e \
g
0% - 400 450 500 550 600 650
LDH(0.05 U mL™) LDH(0.5UmL™" wavelength(nm
(€) 1200 oM mL) LDHIOSU mL) (d) gth(nm)
120% H
100%  Control m Control
80% -
° =535 pg ml. 565 pgmL”
S 60% k
© =214 pugmL™?! m226pugm! !
& 40%
42.8 ugmL™' 45.2 pgmL™!
20%
0%
(e) LDH(0.05 U mL™") LDH(0.5 U mL™") LDH(0.05 U mL™") LDH(0.5 UmL™")
140% — (f) 140%
120% - o * 120%
100% - 100%
80% - 80%
o % *kok o
% - o
= 60% = 60%
& 40% | & 40%
20% . 20%
s
0% - 0%

Triton 1.07 5.35 10.7 21.4 42.8
AgNP-PVP-20 (g mL?)

Triton 1.07 5.35 10.7 21.4 42.8
AgNP-CIT-20 (ug mL)

Fig. 2 The interference of AgNPs on the cytotoxicity detection
by LDH assay. (a) The interference of AgNP-PVP-20 on the LDH
activity detection. (b) Absorption spectrum analysis of AgNP-
PVP-20 by full wavelength scanning from 350 nm to 650 nm in
LDH assay with 0.5 U mL" LDH. The inset was zoomed in from
450 nm to 550 nm. (c&d) The interference of AgNP-CIT-20 and
AgNP-CIT-110 on the LDH activity detection, respectively. (e&f)
LDH leakage in Hep G2 cells after 24 h exposure to AgNP-PVP-
20 and AgNP-CIT-20. Ratio means the LDH activity relative to
the untreated control group. *p<0.05, **p<0.01, ***p<0.001,
significantly different from the control group.

AgNP-CIT-20 had the similar but more significant influence
pattern to that of AgNP-PVP-20 (Fig. 2c). At a concentration of
05 U mL' of LDH, AgNP-CIT-20 inhibited the product
absorbance with about 70% of control group. Furthermor .
citrate-coated AgNPs with a bigger size (AgNP-CIT-110) was
also investigated. However, AgNP-CIT-110 exhibited no
significant inhibition on product absorbance as shown in F,.
2d. There was only 10% inhibition compared with the contrd’
group for 45.2 pg mLAgNP-CIT-110 with 0.5 U mL™ LDH.

Overall, LDH assay was significantly disturbed by Agl °©
existence in a cell-free environment, which was possib"-

This journal is © The Royal Society of Chemistry 20xx
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resulted from many factors, including LDH inactivation directly
by AgNPs, chemical reactions between AgNPs and any assay
compounds (NAD®, NADH, pyruvate, INT or formazan)
displayed in Scheme 1. Different sizes or surface coatings of
AgNPs displayed different effects on LDH assay. Smaller sizes
of particles would generate much more interference than
bigger sizes. Besides some extracellular factors, cells may also
contribute to LDH inhibition. It has been recently reported that
the generation of ROS may be another reason for the false
results in a LDH assay for AgNPs4. Therefore, the data of AgNPs
from LDH assay in the literatures need to be interpreted with
cautions.

We tested the cytotoxicity of AgNPs in human hepatoma
carcinoma cell line Hep G2 by LDH assay. As shown in Fig. 2e&f,
the relative LDH activity (LDH%) with the treatment of ~20 pg
mL™* 20nm AgNPs is close to 100%, which already reached the
maximum release since the higher concentration (~40 ug mL‘l)
of AgNPs did not affect the results of this assay. It implied that
~20 pg mL™" of 20nm AgNPs might be enough to destroy the
membrane of all Hep G2 cells in wells. Moreover, by the
comparison of the data from lower concentrations of AgNPs,
AgNP-CIT-20 was more toxic to Hep G2 cells. Considering the
interference of AgNPs, the actual LDH% of Hep G2 cells might
be not the same as our data shown in Fig.2e&f.

In addition, the supernatant was detected in LDH assay.
Thus, some labs removed NPs by centrifugation before adding
the reagent solution in LDH assay so as to reduce the NP
interference® 2. Then, we also inserted a centrifugation step in
the abiotic LDH assay to see whether it would reduce the AgNP
interference  or not. However, we found that the
centrifugation step caused much more interference for AgNP-
PVP-20 (Fig. Sl1la) compared to the result without
centrifugation (Fig. 2a). We supposed that it would be mostly
due to the absorption of LDH onto AgNP surface®. The removal
of AgNPs resulted in the reduced amount of LDH. Moreover,
we also detected AgNP disturbance in abiotic LDH assay for
longer incubation time. After 24h incubation, removing AgNPs
by centrifugation also generated more interference comparing
with non-centrifugation (Fig. S1b&1c), which was just not so
obvious as the case of Oh. The possible reason may be that
there are two main effects from AgNPs in LDH assay, the
absorption of LDH onto the AgNP surface and the inactivation
of LDH. The absorption process may be faster than the
inactivation. Therefore, the removal of AgNPs from
supernatant may not be a good way to reduce interference for
LDH assay.

3.3 The interference of AgNPs on cell viability assay (MTS
assay)

Cell viability assay is usually performed by MTT, MTS or WST-1
assays, which have similar principles for detection. In our study,
we focused on MTS assay since it is easier to be carried out as
shown in Scheme 2. To determine whether AgNPs would
disturb MTS assay, eight experimental groups were set up
according to the manual of Promega CellTiter 96® AQueous
One Solution Reagent as shown in Table 3. Then the different
value between Group (d) and (a) could be compared with that
between Group (h) and (e) so as to investigate the total effects

This journal is © The Royal Society of Chemistry 20xx
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of AgNPs on MTS assay. And the different value between
Group (c) and (a) might be compared with that between Grounr
(g) and (e) to see whether the mixture of AgNPs with MTS can
generate formazan.

(a) incubate
AgNPs ——— | Cells
e N

An enzyme

MTS Formazan

50y 2h

HOOCH,CO,

,_.;I- e
CHs CHy
() incubate (24h) oh
Anenzyme + MTS/PES + AgNPs ‘ Formazan

Scheme 2 The mechanism of MTS assay by CellTiter 9%
AQueous One Solution Reagent (Promega, USA) in actL -
cellular assay (a) or in the interference-detecting experiment
(b). This reagent kit involved a novel tetrazolium compour
MTS and an electron coupling reagent (phenazine ethosulfate;
PES). The MTS tetrazolium compound was bio-reduced by cells
into a colored formazan product that was soluble in tissue
culture medium. The quantity of formazan product -
measured by the absorbance at 490 nm was directly
proportional to the number of living cells in culture.

Table 3. Eight experimental groups in MTS assay to evaluate
AgNP disturbance. DMEM medium contained 10% FBS.

Volume (pL) a b C d e f g h
DMEM medium(l) 80 - 8 - 80 - 80 -
Cell suspension - 80 - 80 - 80 - 8.

DMEM medium(ll) 40 40 20 20 20 20 - -
AgNP solution - - - - 20 20 20 20

MTS solution - - 20 20 - - 20 20

As shown in Fig. 3a, due to AgNP-PVP-20 existence, the final
absorbance of products decreased 42.8 ug mL? of AgNP-PVP-
20 made an approximately 10% absorbance decrease as
compared with the control group. However, less AgNP-PVP-20
(5.35 pug mL'l) inhibited a little bit more for the product
absorbance. Moreover, based on the absorption spectrum
analysis of AgNP-PVP-20 by full wavelength scanning in MTS
assay in Fig. 3b, there was no special absorption peak from 45u
nm to 550nm besides the product peak at 490 nm, suggesting
that the background absorption from AgNP-PVP-20 did no*
attribute to the AgNP influence on MTS assay. The maximum
absorbance of AgNPs at 400nm in the cell group decreased
compared with that of medium control group. This might k
from the aggregation of AgNPs or the loss of AgNPs due »
taking part in the reaction. In addition, less than 40 pg mL " of
AgNP-CIT-20 inhibited the product absorbance up to 20% (F ;.
3c). Furthermore, citrate-coated AgNPs with a bigger size
(AgNP-CIT-110) showed little inhibition than the smaller sizc d

J. Name., 2013, 00, 1-3 | 5
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particles (AgNP-CIT-20) on product absorbance as shown in Fig.
3d.

(a) 120%
100% -
©80% -

=
&£ 60%
40% -
20% -
0%

400 450 500 550 600 650
Control 5.35 214 4238 wavelength(nm)

AgNP-PVP-20 (1ig mLY)

() 120% (d) 120%
100% - * * 100% -| *
©80% | .0 80% |
s k]
&2 60% - o 60% |

40% - 40% -

20% 20%

0% 0% -
Control 535 214
AgNP-CIT-110 (ug mLY)

Control 535 214 428 42.8

AgNP-CIT-20 (ug mLY)
(€) 120% (f) 120%
100% - 100% -
80% - 80% -|
2 60% -| 2 60% -|
- -
(T ** [y}
© 40% - o 40%
20% - 20% - *
0% - 0% -

Control _535 214 4238
AgNP-CIT-20 (ug mL?)

Control_535 214 428
AgNP-PVP-20 (g mL?)

Fig. 3 The interference of AgNPs on cell viability assay by MTS
detection. (a) The interference of AgNP-PVP-20 on MTS
detection. (b) Absorption spectrum analysis of AgNP-PVP-20 by
full wavelength scanning from 350 nm to 650 nm in MTS
detection assay. The inset was zoomed from 450 nm to 550
nm. (c&d) The interference of AgNP-CIT-20 and AgNP-CIT-110
on MTS detection, respectively. (e&f) Cell proliferation
determined by MTS assay in Hep G2 cells after 24 h exposure
to AgNP-PVP-20 and AgNP-CIT-20. Ratio means the product
absorbance of AgNP group relative to the untreated control
group. *p<0.05, **p<0.01, significantly decreased compared
with the control group.

Moreover, we found that these three kinds of AgNPs could
react with MTS to generate formazan in a dose-dependent
manner as shown in Fig. S2. We supposed that there were two
kinds of effects exerted by AgNPs in MTS assay. One was the
positive effect by the direct reaction of AgNP with MTS, which
may be similar to single-walled carbon nanotubes” . The
other was the negative effect by hindering the bio-reduction
process of MTS. The negative effect may be due to enzyme
inactivation directly by AgNPs. Or other substances generated
by the interaction between AgNPs and cells block the bio-
reduction process of MTS. For 20nm AgNPs, the negative
effects were more than positive effects. For 110nm AgNP-CIT,
both negative and positive were almost equal. Thus, these
three kinds of AgNPs displayed different interference patterns
in MTS assay. AgNPs, further detailed studies will be required.

We tested the cell viability in human hepatoma carcinoma
cell line Hep G2 treated by AgNPs through MTS assay. As
shown in Fig. 3e and 3f, cell viability of Hep G2 cells was
heavily inhibited up to ~70% after 24 h treatment of 20nm
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AgNP-PVP-20 (<40 pg mL"). 42.8 ug mL™" of AgNP-CIT-20
impaired Hep G2 cell viability about 90%. These results wei -
comparable to those in LDH assay with cell exposure. If
considering the interference of AgNPs, the actual percentage
of cell viability for Hep G2 cells might be different, which w s
likely to show higher proliferation ration.

3.4 The interference of AgNPs on the detection of nitric oxide
production (NO assay)

As an antibacterial effector, NO plays an important role in
immune responses, which main source is macrophages in
mammalian system34. Hence, NO assay is often utilized to
investigate the effects of nanomaterials on macrophage
functions. Based on Scheme 3, eight experimental groups were
set up to explore the influence of AgNPs on NO assay (Table 4).
The total effects of AgNPs on NO assay in cell-free conditions
could be ranked by comparing the different value betwec -
Group (8) and (5) with that between Group (4) and (1).

release

(@) NO «——
lHZO’ 0,
NO,,, NO;~ + Griess reagent - NH,S0,C¢H,N=NNHCH,CH,NH(C,(H,) - 2HCI

incubate
Pluindtundl

Cells AgNPs

Griess reagent

(1) NH,S0,C¢H,NH, + 2HCI + NaNO, —> NH,S0,C¢H,N=NCI + NaCl + H,0

(2) NH,80,C4H,N=NCI +C,;H,NHCH,CH, NH, 2HCl —>

NH,S0,CH,N=NNHCH,CH,NH(C,H,) - 2HCI + HCI

(b) NO, + AgNPs
incubate (24h)
mixture + Griess reagent NESSMP NH,SO,C,H,N-NNHCH,CH,NH(C,H,) - 2HCI

Scheme 3 The basis of NO assay in our study with (a) or
without (b) cells. The antibacterial effectors’ molecule nitric
oxide (NO) released from cells would be quickly transformeu.
to the oxidative end-products nitrite (NO,’) and nitrate (NO3)
in the cell culture medium with the help with oxygen and
water. Then NO, reacted with Griess reagent which was 1:1
mixture of 1% sulfanilamide and 0.1% NED in 2.5% H3;PO, to
generate a colored product.

Then, we examined different concentrations of NaNO,
standard solution. As shown in Fig. 4a-4c, only ~40 ug mL™ of
AgNPs at the highest concentration of NaNO, (250 pM)
reduced about 10% of product absorbance as compared with
the control group. There is not much difference among three
kinds of AgNPs. However, at the lower concentration of NaNO,
(31.3 uM or 1.95 uM), AgNPs did not markedly impact N°
detection. In Fig. 4d-f, the results demonstrated that there was
no special absorption peak from 500 nm to 660 nm besides the
product peak at 550 nm according to the absorption spectru.
analysis by full wavelength scanning for AgNP-PVP-20 with
different concentrations of NaNO, in cell-free NO assay. The
background absorption from AgNP-PVP-20 did not disturb t/ e
product absorption.

Table 4 Eight experimental groups in NO assay to evalua.
AgNP disturbance.

This journal is © The Royal Society of Chemistry 20xx
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Volume
2 3 4 5 6 7 8
()
RPMI-1640 100 100 50 50 50 50 - -
NaNO,
standard - - 50 50 - - 50 50
solution
AgNP
. - - - - 50 50 50 50
solution
2.5%
100 - 100 - 100 - 100 -
H;PO,
Griess
- 100 - 100 - 100 - 100
reagent
(a) 25 (b) 25
m Control m Control
2.0 T m5.35ugml” 2.0 : m5.35 pg mL™'
15 =214 g ml! 15 m214pgmL?
=) 42.8 g mt 8 428 pgml”
@) 1.0 1.0
0.5 0.5
OO * “‘ OO «««««««
250 313 1.95 250 313 195
(c) NaNO, (uM) (d) NaNO, (uM)
25 W Control
2.0 = W 5.65 ug mL™'
W 22.6 ugmL™?! \|| —— medums21.4 pg Lt
3" ST
1.0 .
0.5
0.0 . ]
250 313 1.95 400 45®avgf;’ngtrff:m) 600 650
(e)l_: NaNO, (uM) (f)ﬂ

5.35 g mL

214 g mL’
214 pgmL* 1.0

+42.8 yg mL’

: 23] 0.0 cesensitiE 4
500 550 600 650 400 450 500 550 600 650

wavelength(nm)

400 450

wavelength(nm)
Fig. 4 The interference of AgNPs on the detection of NO
production. (a) The interference of AgNP-PVP-20 on NO
detection assay. (b&c) The interference of AgNP-CIT-20 and
AgNP-CIT-110 on NO detection assay, respectively. *p<0.05,
**p<0.01, ***p<0.001, significantly different from the control
group. (d-f) Absorption spectrum analysis by full wavelength
scanning from 350 nm to 650 nm for AgNP-PVP-20 with 250
1M NaNO, (d), 31.3mM NaNO, (e) or 1.95 mM NaNO, (f) as
well as Griess reagent, respectively. The inset was zoomed
from 510 nm to 560 nm.

Then, we examined the interactions between AgNPs and
reactants in NO assay. According to Table 4, the different value
between Group (6) and (5) can be compared with that
between Group (2) and (1) so as to assess whether AgNPs
would react with Griess reagent. Fig. 5a showed that the
interaction between AgNPs and Griess reagent may slightly
impair the absorption at ~550 nm. Similarly, the interaction
between AgNPs and NaNO, could be judged by comparing the
different value between Group (7) and (5) can be compared
with that between Group (3) and (1). As shown in Fig. 5b-d,

This journal is © The Royal Society of Chemistry 20xx
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there was no contributions of AgNPs only with NaNO, to the
total interference of AgNPs in cell-free NO assay. Moreover, ™
was worthwhile to pay attention to the absorption peak of
AgNP-PVP-20 at around 400 nm. The high concentration of
NaNO, at the presence of Griess reaction solution made tl e
AgNP peak disappeared as compared with the group only
consisting of AgNPs and medium in Fig. 4d. Therefore, we
supposed that the AgNP interference might be mainly resulted
from the interactions between AgNPs and the product (4-(3-(2-
(naphthalen-1-ylamino)ethyl)triaz-1-en-1-yl)
benzenesulfonamide dihydrochloride) in NO assay.

(a)

06{ /1

—— medium#mediums+H,PO,

e, ]
0.0 : : . : - 0.0 : : : T T
400 450 500 550 600 650 400 450 500 550 600 650
wavelength(nm) wavelength(nm)
(c) (d)
A “\ —e— mediumsmedium+H,PO,
084 0.8 R e medumeNaNO #H PO,
N NN —— medium#+5.35pg mL"+H,PO,
/ \ \ ’ \ \ —+— NaNO,+5.35g mL"+H,PO,
0.6 / ) —o— medium+21.4pg mL"+H,PO, 064/ A —o— medium+21.4pg mL"+H,PO,

—— NaNO,+21.4yg mL '+H,PO,

—— NaNO,+21.4yg mL"+H,PO,
—— mediums42.8g mL"+H PO,
—— NaNO,+42.8pg mL"+H,PO,

—— medium+42.8g mL"+H,PO,
—— NaNO,+42.8pg mL"'+H,PO,

400 450 500 550 600 650 400 450 500 550 600 650
wavelength(nm) wavelength(nm)

Fig. 5 (a) Absorption spectrum analysis for AgNP-PVP-20 only
with Griess reagent. (b-d) Absorption spectrum analysis for
AgNP-PVP-20 only with 250 uM NaNO, (b), 31.3 mM NaNO, (c)
or 1.95 mM NaNO, (d), respectively.

To sum up, NO detection assay was slightly influenced by
AgNP existence in a cell-free system, which depended on the
concentration of NO as well as AgNPs. We tested the
production of NO in mouse macrophage cell line RAW264.7
with AgNP treatment. As the positive control, LPS significantly
stimulated NO production in RAW264.7 cells. As shown in Fig.
S3, the amount of NO was not markedly augmented after
AgNP-PVP-20 exposure as compared with the untreated
control group. Although less than 42.8 ug mL*! AgNP-PVP-20
would not exert an influence on cell-free NO detection assay
when the concentration of NO was around 30 uM (Fig. 4a), the
cellular influence due to AgNP existence should be also
considered.

Conclusions

In summary, we have systematically assessed and quantifiea
the interference of AgNPs on LDH detection, MTS assay and
NO detection. First, UV-Vis spectrum analysis during the ass7 |
evaluation excluded the interference of AgNP absorption. Al A
then, the special property of AgNPs indeed interfered with
these assays significantly, especially for LDH detection. At t/ e
concentration of 42.8 pg mL? 20 nm PVP-coated AgNPs
affected the detection of LDH release about 50%, while f r
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42.8 pg mL"’ citrate-coated 20 nm AgNPs, it inhibited ~70%
compared with the control group. The results suggested that
before the bio-effect evaluation of AgNPs or other
nanoparticles is performed, we should verify whether the
particles have some influence on the testing methods or not to
guarantee the data validity. If the interference indeed exists,
other assays or combining several assays could be considered
in the safety evaluation of nanomaterials. And other
approaches that are free from nanomaterials interference may
be sorely required in the future.
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