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Report:

While the use of carbon nanotubes (CNT) in composiaterials is still rising, promising

applications of CNT in nanomedicine have emergettiénlast few years [1]. Meanwhile, the
safety of CNT-based products continues to be umdestigation. In particular, our interest
is placed in distinguishing the respective bioladjicoles of CNT themselves and of
remaining catalyst nanoparticles present in CNT pdasn Cellular components such as
phagolysosomes, presenting an acidic pH when detyaare known to take in charge
exogenous materials, and could therefore partieipatCNT biological effects. Thus, it

appeared patrticularly relevant to assess the faeid pH on the chemical transformation of
catalyst nanoparticles.We have recently shown é¢hevance of X-ray fluorescence (XRF)
microscopy in localizing catalyst nanoparticles macrophages [2]. In the present
experiment, we studied the chemical state modiboabf CNT catalyst nanoparticles by
MUXANES spectroscopy on macrophages exposed to &iNgall Carbon Nanotubes

(SWCNT), in presence or in absence of a proton pimmipitor.

Experimental

Murin macrophages (RAW 264.7 cell line) were groam ultralene films and exposed to
SWCNT (50ug/ml) in presence or in absence of a proton purhbitor, concanamycine (10
nM). The exposure times were of 3, 6 or 24 hoursth® end of exposure, cells were
cryofixed and further lyophilized. Non-exposed sellith or without Concanamycine as well
as SWCNT samples not incubated with cells were mlepared as references. Measurements
were carried out on the ID21 beamline at an ensegyust above the Feokedge (about 7.12



keV). A Kirkpatrick Baez (KB) mirrors system allodethe beam focalisation down to
0.4*0.9 um2 and fluorescence spectrum was recorded on eorsildrift diode (SDD).
Fluorescence mapping allowed us to localize nartigpes in macrophages [2]. To assess the
chemical state of catalyst nanoparticles, uXANE&ch@a were performed in areas
presenting high intra-cellular Fe concentrationassessed by XRF. Calibration of the set-up
was carried out by recording the spectra of a refabn foil.

Results

We measured on areas of 200 um diameter (with@rhldecalization), as well as with beam
focusing (0.4*0.9 um?2), the XANES spectra of SWCNamples (without any cell) at
different pH (4.5 and 7.2) and time exposure. Th&ioed spectra correspond only tg&e
(cementite) particles [3]. Our measurements alslowald us to ascertain that the
nanoparticles are not transformed under the intleowaesed beam. With microbeam focusing,
the recent enhancement of the beamline (largercbetsurface) enables us to measure
endogeneous iron on various areas in control céis. XANES spectrum displays a good
agreement with that of the ferritin, a common ioéléular iron storage protein. Similar
results have been obtained in control cells withcemamycine.

Focusing now on cells exposed to SWCNT, and hasimgvn that iron areas out of cells
were mainly composed of cementite, we investigatgdas corresponding to iron
nanoparticles inside cells, where the iron magearty co-localized with P and S, known as
representative elements of cellular materials.lloases, the pre-edge peak and the intensity
of the white line (7.12-7.15 keV) are rather simiémmd compatible to those obtained for
cementite. However, extended XANES spectra (up 180 7keV) reveal differences,
suggesting modifications of the short-range localeo around iron atoms (figure A). It is
worth to note that multiple scattering effects acouthis energy range and prevent us to
precisely describe the chemical changes of ironpmamnds. In this framework, we observed
two main “new phases” and employed them as “refsggh Using such an assumption, we
were able to reproduce all measured curves (~ 8@¥idering a linear combination of
cementite and of these biotransformed phases. Hamcebserved a marked decrease of the
amount of cementite with increasing exposure tinegealing a sharp interaction of iron-
based nanoparticles with macrophages (figure B).
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The effect of concanamycine is rather limited, tegdto limit the amount of iron

transformation up to 6h but failing to protect cettite from chemical modifications at
higher exposure time. Notwithstanding, comparingséhresults with those obtained from
UXRF measurements, we observed a linear dependbeitveen the ratio of biotransformed
iron and the average amount of Ca in cells, comfigrthe role of Ca in the biological



response of macrophages to CNT. Although, the nmensformation was previously
suggested to be the decarbonation o§CFgsee experimental report SC2950), these
experimental results — with much larger statistianks to beamline improvements — support
the possibility of different atomic local orderinfthe nature of these “phases” is to be further
investigated by coupling XANES to others XAS tedjues like LEXAFS spectroscopy.

The detailed experimental results have been repon®ugh different communications and
a publication is under preparation.
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