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ABSTRACT

Biomolecules can be adsorbed on nanoparticles @wH)degraded durinign vitro toxicity
assays. These artifactual phenomena could leadidimterpretation of biological activity,
such as false-negative results. To avoid possibtierestimation of cytokine release after
contact between NP and cells, we propose a metbggldb account for these artifactual
phenomena and lead to accurate measurements. Wisetboon the pro-inflammatory
cytokine tumor necrosis factor TNE-We studied well-characterized boehmite engineered
NP [aluminum oxide hydroxide, AIO(OH)The rate of TNFe degradation and its adsorption
(on boehmite and on the walls of wells) were deteeah in cell-free conditions by adding a
known TNFe concentration (1500 pg/ml) under various experit@leconditions. After a 24-

h incubation, we quantified that 7 wt% of the iaitTNF-o was degraded over time, 6 wt%
adsorbed on the walls of 96-well plates, and 13 vetsorbed on the boehmite surface.
Finally, boehmite NP were incubated with murine mabages (RAW 264.7 cell line). The
release of TNFe was assessed for boehmite NP and the experimeatalwere corrected

considering the artifactual phenomena, which acwmalfor about 20%-30% of the total.

Keywords: boehmite nanoparticles; toxicity; TNE- adsorption; TNFe degradation;

correction curve



Introduction

The importance of manufactured nanoparticles (N& steadily increased for 20
years. In 2015, the share of nanotechnology irgtbleal economy will be about 1000 billion
dollars (National Science Foundation, 2003). NPehapplications in various fields such as
automotive and multimedia industries (Chen et 2004; Murphy et al., 2005) and in
cosmetics (Nohynek et al. 2007; Somasundaran amshiakumar, 1997) as well as in
medicine. However, they may have effects on humealth by inducing inflammation or
oxidative stress. In particular, boehmite NP [aloamh oxide hydroxide, AIO(OH)re used
in a wide range of industrial applications and iany commercial products such as abrasive
materials, catalysts, substrates for electronicudis, and refractory materials; additionally,
they are used as vectors in vaccines, replacingerdional adjuvants (Singh et al., 2007).
Therefore, due to high potential exposures to baehrNP, particularly in workplace
environments, this type of nanomaterial represantsteresting model for biological activity
assessments.

Although some toxicological evaluations have alseheen carried out, the potential
impact on health of boehmite is not yet completdigracterized. It has been shown durimg
vitro experiments using RAW 264.7 (murine monocyte/maltage-like) and A549 (human
lung cancer) cell lines that boehmite can indudkammmation (interleukin [IL]-8 production)
and cytotoxicity (lactate dehydrogenase [LDH] reka(Kuhlbusch et al., 2009). As a result,
boehmite could be considered to carry a potengéalth risk.

Recent papers clearly show that physicochemicapaties should be taken into
account in nanotoxicological studies (Boczkowskalet2010). Especially fan vitro assays,
the possible interference between NP and eithemid@ium compounds (assay reagents) or
the detection systems (Geys et al., 2010; Horial.et2009; Kroll et al., 2009; Monteiro-

Riviere et al., 2009) should be carefully consideas well as the role of serum addition on



dispersion and adsorption at the particle surfdterdqock et al., 2008) should be carefully
considered. Moreover, some studies also suggesibb@diases in the evaluation of the
biological toxicity, particularly when the releasecytokines is assessed (Val, 2008yleed,
the cytokines can be adsorbed at the surface diiEheesulting in an underestimation of the
guantity release@@khtar et al., 2010; Cedervall et al., 2007; \2009).

Cedervall et al. (2007) introduced an approach ithentifies proteins on NPN¢
isopropylacrylamideso-N-tert-butylacrylamide) and the exchange with plasma ginst
(human serum albumin). Val (2009) measured the aigpaf titanium dioxide and carbon
black NP to adsorb different pro-inflammatory cytws, including IL-6, granulocyte
monocyte colony-stimulating factor (GM-CSF), andntr necrosis factor TNk- Using
different types of particulate matters and pladimgm in contact with standard IL-8 in a cell-
free system, Akhtar et al. (2010) showed that plagiexhibited differential IL-8 adsorption
capacities depending on their physicochemical ptegse These results tend to lead to the
same conclusions: protein or cytokine adsorption MR depends on NP surface
characteristics and size; furthermore, the natfithe biomolecules adsorbed on the NP will
affect the biological toxicity.

Additionally, Turci et al. (2010) used a new sétcomplementary techniques to
characterize and compare the adsorption of diffepeateins on silica NP. The proteins
studied were bovine serum albumin, hen egg lysozyméne pancreatic ribonuclease A, and
bovine lactoperoxidase. Although adsorption wastuerfced by the net protein charge, the
surface charge distribution of proteins determitiedaffinity for the solid support (silica NP)
and the stability of adsorption of proteins oncsilNP.

Finally, Xia et al. (2010), using predictive maglellescribed the kinetics of the protein
corona formation. They used a biological surfacgogation index (BSAI) to characterize the

adsorption properties of NP by quantifying the ceftitive adsorption of a set of small



molecule probes onto NP by mimicking the molecutéeractions of the NP with proteins.
By these means, the molecular interactions of NiR piioteins could be characterized by the
BSAI nanodescriptors, which govern the adsorptiffimity and selectivity of biomolecules
onto the surfaces of nanomaterials in the coronadition processes. These results were used
to determine if the findings obtained for biolodieativity were correct or if they represented
a false-negative result due to an artifact sucidasrption on NP.

The objectives of the present study were to hggitlartifacts that could occur during
in vitro toxicity assessments, especially in ThFmeasurement, and to propose a
methodology to quantify them in order to corregbassible underestimation of the TNF-
release. The TNIE-was chosen because inflammation can potentiallyipgered by NP and
the assessment of this cytokine is a very commsinitenanotoxicology. This study, applied
to the TNFa, rather represents a concept as the developed dudtiyy can be extended to
other kinds of molecules. Boehmite NP were incutbaiéner in cell-free conditions or with a
murine macrophage cell line (RAW 264.7). The expents were conducted at two
temperatures (4 °C and 37 °C), with two types qipsut (glass flask or polystyrene 96-well
plates). We demonstrated that in addition to adsorpTNF-o degradation also occurred. We
finally proposed a correction applicable to boelmigking into account these two types of
artifactual phenomena. The methodology for esthinigsthe correction is easily transposable

to other kinds of NP and biomolecules.



Material and Methods
Physicochemical characterization of NP

Dispera® boehmite NP were purchased from Sasol (Germany).

The morphology of NP was analyzed using electroarasicopy in the scanning electron
microscopy (SEM) mode with a field-emission scagnetectron microscope (JEOL JSM-
6500F) or in the transmission electron microscopiM) mode with « X » transmission
electron microscope.

The specific surface areas were determined bgdsorption at 77 K after out-gassing
for 2 h at 200 °C (Micromeritics ASAP 2000), usitfte Brunauer-Emmet-Teller (BET)
method.

NP densities were determined using a gas pycnor{Mierometrics AccuPyc 1330)
working under a helium atmosphere. Results areesgpd as the means of 10 successive
measurements on the same sample. For the zetdipbsem size measurement, the boehmite
suspension was fixed at 100 mg/L and prepared ioothater and in complete Dulbecco’s
modified Eagle’s medium (DMEM). Analyses were pemfed using a diffusion light
scattering (DLS) device (ZetaSizer nano S, Malestrument). X-ray diffraction (Siemens
D5000 apparatus) experiments were performed at teomperature to examine the presence
of crystalline phases. The crystallite size waswdated from the diffractograms obtained

using the Scherrer relation (Topaz-4P software).

In vitro assays

Cell line and culture conditions

The RAW 264.7 macrophage-like cell line, derivedini mice, was provided by the

ATCC Cell Biology Collection (Promochem LGC). Cellgere cultured in DMEM (Gibco)



complemented with 10% fetal calf serum (Gibco), p#nicillin-streptomycin (penicillin
10,000 U/ml, streptomycin 10 mg/ml, Sigma) and beted at 37 °C under a 5% €O
humidified atmosphere (Leclerc et al. 2010).

Boehmite (AIOOH) NP were resuspended in complet¢EM (DMEMc), vortexed
for 30 s and then different concentrations werel@ted with cells: 150, 300, 600, and 1200
png/ml. Suspensions were freshly prepared just bedaperiments and discarded after each
test series without any storage. We checked theodydamic size of boehmite particles by
DLS.

For each experiment, cells were prepared in 96-wates (100,000 cells/well) in 25
pl of DMEMc. Seventy-five microliters of each boekersuspension was added to the culture
and then incubated for 24 h at 37 °C in a 5% @tosphere.

Three independent experiments were performed usiogr boehmite NP
concentrations (150, 300, 600, and 1200 ug/ml) weck tested for each of the following
conditions: cells alone (negative control of totyki DQ 12 quartz (positive control of

toxicity) (Bruch et al. 2004), and boehmite NP.

LDH release

The activity of the LDH released from cells witardaged membranes was assessed
using the CytoTox-ONE' Homogeneous Membrane Integrity Assay (Promegajrdi to
the manufacturer’s instructions. Detection was qrenkd on a fluorometer (Fluoroskan
Ascent, Thermolabsystems), using 530/590 nm ejimit@mission wavelengths. The activity
of the released LDH was reported in comparisomtal tellular LDH (measured after control

cell lysis) and was expressed as a percentage afotfitrol.

Pro-inflammatory TNFx response




After a 24-h incubation with NP, the release ofFFNwas assessed in the culture
supernatant using a commercial enzyme-linked immeorieent assay (ELISA) kit
(Quantikine® Mouse TN Immunoassay, R&D Systems). The optical densitgaith well
was determined according to the manufacturer'suogbns by using a microplate reader
(Multiskan RC, Thermolabsystems) set to 450 nm.t#ndard curve was established and

results were expressed in picograms of TaNger milliliter of supernatant.

Assessment of artifactual phenomena

TNF-a degradation

The TNFe standard solution used for the assessment of @tsorand degradation
phenomena was provided by the ELISA kit (Quanti®rouse TNFe Immunoassay, R&D
Systems). The assays were performed in a cell&maeronment. Since adsorption and
degradation always occur simultaneously, to stheége two phenomena independently glass
flasks were used presenting a higher volume/sunfaite than wells of 96-wells plates (190
and 66 pl/cm? respectively). In these conditiondfF3a adsorption becomes negligible over
its degradation. Therefore experiments carriedimgfiass flasks allowed to limit adsorption
and focus on degradation.

A defined amount of TNIle- (1500 pg/ml) was suspended in DMEMc (without NP, i
cell-free environment) in a glass flask at diffdreamperatures: 4 °C (refrigerator) and 37 °C
(incubator) for different times (3, 16, 24, andi)8The 4 °C temperature corresponded to the
TNF-o storage condition (to avoid any degradation phesmwon) and 37 °C corresponded to
the in vitro experimental conditions. The difference between risults at 4 °C and 37 °C

permitted to determine the quantity of degraded -bINF

TNF-a adsorption on the support walls




A concentration of TNFe (1500 pg/ml) was added to DMEMc in 96-well platas4
°C and 37 °C for different durations (3, 16, 24d &8 h). The difference between the results
in glass and in plastic allowed to determine thangity of adsorbed TNk-on the walls of

wells.

TNF-o adsorption on boehmite

A concentration of TNFe (1500 pg/ml, representing 75 pg of TNFper well) was
introduced with boehmite (1200 pg, representingug2of NP per well) in DMEMc in 96-
well culture plates. After a 24-h contact, supesntg were collected, and the concentration of
TNF-a was evaluated as previously described. The masatisga of TNFa was then

calculated.

Adsorption isotherms of TNE-

Different TNFe/boehmite weight ratios were established (0.786,13%13, and 6.25)
by adding varying amounts of TNEto cell cultures. Contact lasted for 1, 3, 16, addh at
37 °C in DMEMc in 96-well culture plates to detemaithe kinetics of TNk adsorption on
boehmite. For each condition, the residual TdNMras measured using the same ELISA
procedure as previously described. For each rdhie, mass of adsorbed TNf-was
determined with regard to the duration of contéavas estimated as the difference between
the initial and residual concentrations of TMRnA the supernatant, taking care to subtract
degraded TNFe: as previously determined. When the adsorbed #NEached a maximal
level, the curve describing the mass of adsorbe#&-dNdepending on the mass of residual
TNF-a, could be drawn. It represented the isotherm catwle thermodynamic equilibrium,
and it allowed correction of the results for theocainmt of TNFe degraded and adsorbed on

well walls and NP.



Satistical analysis
Analysis and graphics were performed on Prism 5ftware (GraphPad, San Diego,

CA). Significance was established with ANOVA tg3t(0.05).
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Results
Physicochemical characterization of boehmite NP

Specific surface area, density, electron microscapy X-ray diffraction

Boehmite is made of spherical particles. Althoggime particles exhibit a diameter of
about 50um, the major part is much smaller (from 1 todf in diameter). Small elements
like platelets of around 20 nm can be observedBy §igure 1).

The specific surface are8ger, was measured as 157/ The density ppp, Was
determined to be 3.28 g/érby using the helium pycnometer. Using these dataEguation
1, we determined a primary particle diametip)(of 11.7 nm, assuming a spherical shape of
boehmite nanoparticles as confirmed by electronmesaopy observation (Figure 1).

d :L [1]

" Pop ™ Sger
whered,, is expressed in micrometerg, in grams per cubic centimeters, gy in squared
meters per gram.
The position of X-ray diffraction peaks was in egment with the data reported for
boehmite crystalline phase (JCPDS n°21-1307). Tread diffraction lines revealed a
crystallite size of 10 £ 0.1 nm according to thén&cer relation (Figure 2). This size was in

perfect accordance with electron microscopy data.

Particle size and zeta potential measurement

DLS assays (Figure 3) clearly showed that aggi@yatf the NP occurred in water
and increased with pH. At pH 3.5, a narrow parigiie distribution was observed with a
maximum at 50 nm; at pH 6.9 the maximum was locate?il5 nm; and finally at pH 9.4, the
particle size was 770 nm. In DMEMc (pH 7.4) NP skdva broad particle-size distribution,

with a maximum at 825 nm.
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Thus, at a similar pH, boehmite NP are more aggeehin DMEMc than in water
(825 nm and 315 nm, respectively).

Zeta potential measurement proved that NP hawsiéiye surface charge until pH 9.5
(the isoelectric point); beyond this value, NP aegatively charged. This result explained the
rise of agglomeration observed with pH. As a mattefact, the more the pH was near the

isoelectric point, the more the NP were agglomekate

In vitro toxicity assessment
LDH release

Cells incubated for 24 h with boehmite NP releaexl same level of LDH as the
negative control (cells tested alone, without NRJ ao dose-dependent effect was observed
(Figure 4A).

The positive control of toxicity (DQ12 quartz) elited a level of released LDH that
was significantly higher and dose dependent (34%etdased LDH for 1200 pg/ml of

boehmite).

Pro-inflammatory TNFs response

The amount of TNFe released by cells alone was quite negligible (@&@nl) (Figure
4B). No significant difference from the control gm was observed when boehmite was
incubated with macrophages for 24h (300 pg/ml oFidNproduced). However, incubation
with the DQ 12 quartz positive control induced ghhirNF-a release (800 to 1000 pg/ml)

which was clearly dose-dependent.

Adsorption and degradation of TNF-« in cell-free conditions

TNF-a degradation

12



The experiment in the glass flask at 4°C cleahnigvged no significant adsorption and
no degradation phenomena (Figure 5). For the satperiemental conditions at 37°C, we
assumed that the observed mass change of afNfas due only to the degradation
phenomenonAm TNF-u of 6.5 wt% after 24 h). Finally, the amount of TiNFlegraded in
DMEMc was dependent on the duration of the expeartnand the temperature, and we

approximated the rate of TNékdegradation at 0.12 pg/h at 37 °C in DMEMc.

TNF-o adsorption on the walls of the wells

After 24-h contact at 37°C in DMEMc without boeheill.6 wt% loss of TNk-was
observed in polystyrene wells. Under these conutioboth TNFe degradation and
adsorption on the walls of the well occurred. Hoarevoss only reached 6.5 wt% in the glass
flask in which only degradation occurred, given tteey low surface to volume ratio of the
flask. Thus, we demonstrated significant Th&dsorption on the walls of wells in which we
did the assays. This adsorption was calculatedth&ylifference between experiments in wells

and in the glass flask.

TNF-o adsorption on boehmite

A significant increase in TNE-mass lossAm TNF-o) was observed after a 24-h
incubation of cells with boehmite (24.8 wt% verdiis6 wt% without boehmite) (Figure 5).
These results suggest that significant TéN&dsorption on boehmite occurred. A saturation of

TNF-a adsorption on boehmite can also be noticed aatagqu was reached (about 25%).

Adsorption isotherms of TNE-

The kinetics curve of adsorption revealed thatahmunt of TNFe adsorbed on the

boehmite surface reached a thermodynamic equilibati24 h, regardless of the boehmite to
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TNF-a weight ratio (Figure 6). Thus, the curve repreisgnthe adsorbed TNE-based on the
residual TNFe. could be drawn (i.e., the adsorption isotherm eyrafter subtracting the
amount of degraded TNé;-which was calculated based on the previouslyroeted TNFe
degradation rate of 0.12 pg/h.

Using the adsorption isotherm curve and knowirggaimount of residual TNE&-n the
supernatant, we could determine the amount of AddofNFe. For example, for a weight
dose of 1200 pg/ml of boehmite in contact with riirecrophage cell line, the concentration of
TNF-o released after 24 h in the supernatant was al@fupd/ml (Figure 4); i.e., 1.25 pg of
TNF-a in solution per microgram of boehmite initiallytioduced. The adsorption isotherm
(Figure 7) led us to estimate that if there wass1p® of TNFe in the supernatant per
microgram of boehmite, 0.2 pg of TNFwas adsorbed per microgram of boehmite. Since the
mass of boehmite introduced per wells was 12 pgealeulated that 2.4 pg of TNéwould
be adsorbed on boehmite. Therefore after a 244ibateon for a weight dose of 1200 pg/ml
of boehmite, we estimated 26% &M TNF-o artifacts, taking into account adsorption and

degradation phenomena.

Corrected data

Figure 8 represents our data after correction dF-tNadsorption and degradation artifacts as
previously determined. TNE-degradation and adsorption on the walls of wellsanstant
(about 13%), whereas TNd-adsorption on boehmite NP must be calculated fwhe
experimental condition as reported on Figure 8.

After correction of the artifacts, the TNFproduction was found to be higher than that of
cells unexposed to NP even though the difference ma judged statistically significant

(ANOVA test, p>0.05).
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Discussion

There have been concerns in recent years abouteffieets of NP on health
(Oberdorster et al., 2005). Many studies have dsesttrthe pro-inflammatory effects of
different NP, particularly in the respiratory systewhich represents the main route of
exposure (Oberdorster et al., 2005; Singh et @072Xia et al., 2006).

The binding of proteins to NP surfaces is a wallhkn phenomenon that is specific to
the NP surface characteristics and also dependbkeonature of the proteins. For instance,
adsorption of TNFx on carbon black and titanium dioxide NP has besgonted, and the
adsorption of other cytokines such as IL-6 and G&FQas also been observed (Val, 2009).
Models describing the kinetics of the adsorptiorthaf proteins on NP have been established
(Dell’'Orco et al., 2010; Xia et al., 2010). The maibjective of the present work was to
provide new insight on the possible artifacts ofaswes that could occur durimg vitro
toxicity assessmentdVe focused our attention on TMNf-evaluating its adsorption and
degradation. We aimed to demonstrate that a cayreatould be established to avoid
underestimating cytokine release in the presencaaobparticles that might have a high
adsorption capacity due to their huge surface @&ang to a lack of data in the literature
about TNFe adsorption on nanoparticles, we selected boehmitiustrate that the potential
impact of artifacts associated with nanoparticesiot negligible. To that purpose vitro
TNF-a measurements were performed in a cell-free enwieort or after contact with a
macrophage cell line.

First, different techniques were used for phydn@mical characterization to evaluate
the size of primary particles. All techniques yexdthe same conclusions: boehmite
nanoparticle size is about 10 nm, and the partickge a strong tendency to aggregate in
suspension. The DLS technique was used to assessatie of NP aggregation in cell culture

medium and in water, and the observations of diffeisized NP aggregates in cell culture
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medium were in agreement with literature reportisnflach et al., 2005; Singh et al., 2007;
Xia et al., 2006). However, the size of aggregategended on the pH of the solution as
measured by variations of the zeta potential (Twtial., 2010). For boehmite NP,
aggregation increased with the pH.

Secondly, the pro-inflammatory effect of boehmiN® was evaluated after 24-h
contact with macrophages. In a global manner, BN#troduction was limited (about 300
pg/ml) compared with the positive control for takyg800—1000 pg/ml).

In order to check the accuracy of our results alwhinate potential experimental
biases, we investigated whether Thlfelegraded over time and whether it could be adsorbe
at the surface of the NP and on the support. Indesmtborption caused a strong
underestimation of the amount of TNFelease as quantified by ELISA. To that purpose, w
introduced a defined amount of TNH1500 pg/ml) in solution, in cell-free conditiomsth
and without boehmite NP, and we quantified the amofidegraded and/or adsorbed TiF-

We were able to establish the following relatiopshi

[TNF-a]in the supernatant— [TNF-a] produced by cells™ [TNF-0] adsorbed on (NP+wellsy~ [TNF'(X]degraded

[2]

Each term of this equation was studied, and thapgisarance of TNE-over time and as a
factor of temperature was observed. When 75 pg\t#-@ was added to 12 pug of NP in cell
culture medium, the mass of TNFimeasured after 24 h at 37 °C was only 58 pg,
representing a loss of 26 wt%. We specifically lelsshed that 7 wt% TNF-was degraded, 6
wt% TNF-o was adsorbed on walls of wells, and 13 wt% TdNFKras adsorbed on the

boehmite NP surface.
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However, results may depend on the biomoleculesthe type of NP studied. For
instance, Val (2009) showed that IL-6 was not dasdron carbon black and titanium
dioxide, but in contrast GM-CSF and TNFwere completely adsorbed by carbon black and
partially by titanium dioxide (60% for GM-CSF an®% for TNF«). Our results are in
agreement with this study. We observed an adsorpdid NFo on boehmite NP and on the
support of the assays, but we also demonstrategmiarance of TNEk-due to degradation.

The interactions between LDH and NP have not beeestigated in this study as it
was beyond the scope of the present paper. Thefdinis work was to highlight the fact that
artifacts can occur in common nanotoxicologicatsemnd to avoid misinterpretation of the
results a methodology could be developed to taketinto consideration and correct them.
We did not mean to be exhaustive and we choselustriite this concept with a very
frequently assessed cytokine: THEF-Of course, this concept can be extended to other
molecules but generalities cannot be drawn, theecbons to bring are highly dependent on
the nature of the NP, the materials, the protocolas..already mentioned (Val, 2009).
Actually, it is very likely that the same phenomeras described for TN&-occur for LDH
and these artifacts must be measured too for a @mapsive study. Furthermore, artifacts in
the LDH assessment could explain the slight deergathe amount of released LDH by cells
exposed to boehmite NP compared to that of contméxposed cells. However, assessing
LDH artifacts is currently impossible because a@htacal limitations. We were able to study
TNF-a artifacts because a standard T&Fsolution was provided in the detection Kit.
Therefore by adding a known amount of TNkA various experimental conditions we could
easily follow a variation of its mass and deduaanirthis Am the amount of degradation
and/or adsorption of this moleculehis method is clearly impossible to transposté&lLDH
assay as no LDH standard solution is provided endétection kit (which would be the best

standard) nor is commercially available. We cad tibDH extracted and purified from human
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or different species but to the best of our knogéedo murine LDH was found. And it will
be a non sense to compare things which are froferdift species and therefore are not
comparable. The possibility to recover LDH fromdgzcells was also considered but in this
case cell lysats would also contain various biowks which would interfere with the kit
reagents and induce other artifacts in the measures

Keeping in mind the models describing the kinet€she adsorption of the proteins
on NP (Dell'Orco et al., 2010; Xia et al., 2010)e werformed a kinetic study. Results
allowed us to plot a corrective curve when the rtimtynamic equilibrium was reached for
different NP to TNFe, ratios which led us to establish a correctioavoid misinterpretation
of TNF-a release in the presence of nanopatrticles.

After such a quantitative evaluation of the adifathe original data were corrected to
take into account these biases and give more aeawsults.

Biomolecule adsorption onto material surface (engnoparticles) occurs by multiple
short-range interactions (H-bond, electrostatich vder Waals or dispersive forces,
hydrophobic effect) that are individually ratherakeg(a few KT or less), but additively they
induce a significant adsorption energy. The claggw of Langmuir isotherms assumes that
some interaction energy is reversibly availablecteate a biomolecule—material surface
complex. The amount of adsorbed biomolecules istdianby the available area on a
material’s surface, thus the surface area of natoles is doubtless a key parameter
influencing the adsorption artifact in vitro nanotoxicology experiments. Moreover, when
the NP surface is functionalized or covered withiveen biomolecule, its surface properties
are changed, and this modifies the adsorptionladrdbtiomolecules remaining in solution. As
a result, nonspecific adsorption of proteins sustbavine serum albumin or casein can be
proposed to sterically “block” the material surfaceas to prevent the unwanted adsorption of

valuable and interesting biomolecule such as cyiski Nevertheless, as the physicochemical
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features of a surface compose a key point to bentakto account in nanotoxicology studies,
the saturation of nanoparticles’ surfaces may glgomodify the biological activity compared
to uncoated nanoparticles.

In conclusion, we have studied the physicochenubalracteristics of boehmite NP
and their capacity to adsorb a specific biomoleclidF-o, which is often assessedimvitro
toxicological studies. Results showed the existaic@n adsorption process conjugated with
degradation, leading to underestimation of the alcaimount of TNFs released duringn
vitro toxicity assays. To our knowledge, this is thetfistudy introducing a correction that

takes artifacts into account and is adaptablelierdiypes of biomolecules and NP.
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FIGURES

Fig. 1. (A) SEM and (B) TEM images of particles.

Fig. 2. Diffractogram of the boehmite NP.
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Fig. 3. Average diameter of particles depending on theirpkvater and variation of zeta

potential.
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Fig. 4. Toxicity assessment. RAW 264.7 cells were incubatih boehmite NP for 24 h, and
(A) cell damage measured by the amount of LDH s#daand (B).the TNI-production
(pg/ml) were assessed. This production was comparéuht of cells alone (negative control
of toxicity) and to that of cells incubated with D8 quartz (positive controln(= 3, *p <
0.0001).
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Fig. 5. Adsorption of TNFe depending on the temperature (4 °C or 37 °C)dimation of
incubation (3, 16, 24, and 48 h), the nature of ghpport (polystyrene or glass), and the

presence of boehmite NP in cell-free conditionsFid\Nmass lossAm TNF-u).
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Fig. 6. Adsorption kinetics of different boehmite NP/TNFmass ratios (0.78, 1.56, 3.13,

6.25) for different times (1, 3, 16, and 24 h).
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Fig. 7. Corrective curve representing the adsorbed tNfepending on the residual TNF-

after 24 h of incubation.
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Fig. 8. Pro-inflammatory effect of boehmite NP as assebydtie TNFe production (pg/ml)

after correction of the adsorption and degradadidifacts.
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