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Abstract

Recently we have reported a qualitative, quantitative and reproducible study of the generation of 

free radicals as a result of the surface catalytic activity of Fe3O4, Fe2O3, MnFe2O4 and NiFe2O4 

nanoparticles as a function of the Fe2+/Fe3+ oxidation state under different pHs (4.8 and 7.4) and 

temperatures (25 ºC and 40 ºC) condition. These results were contrasted with those obtained 

from the in vitro experiments in BV2 cells incubated with dextran-coated magnetic 

nanoparticles. Based on these results we affirm that our ferrite magnetic nanoparticles catalyze 

the formation of free radicals and the decomposition of H2O2 by a ‘peroxidase-like’ activity. B. 

In a comment on this article, Meunier and A. Robert question two points: First they assert that 

the measured free radicals are not produced by a peroxidase reaction. Also, based on a different 

normalization method from those reported in our work, they also discuss that the reaction is not 

catalytic. Here we reply the arguments of the authors about these two points.

Recently we have reported a qualitative, quantitative and reproducible study of the generation of 

free radicals as a result of the surface catalytic activity of Fe3O4, Fe2O3, MnFe2O4 and NiFe2O4 

nanoparticles as a function of the Fe2+/Fe3+ oxidation state. The study was performed by Electron 

Paramagnetic Resonance (EPR) Spectroscopy under different pHs (4.8 and 7.4) and temperatures 

(25 ºC and 40 °C) condition. These results were contrasted with those obtained from the in vitro 

experiments in BV2 cells incubated with dextran-coated magnetic nanoparticles. Based on these 

results we affirm that ferrite magnetic nanoparticles catalyze the formation of free radicals and 
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the decomposition of H2O2 producing reactive oxygen species (ROS) by a ‘peroxidase-like’ 

activity.1

In the comment,2 B. Meunier and A. Robert question two points: First they assert that the 

measured free radicals are not produced by a peroxidase reaction. Also, based on a different 

normalization method from those reported in our work, they also discuss that the reaction is not 

catalytic.

Related to the first point, we agree with the authors that it is not a peroxidase reaction, senso 

strictu, that produced the free radicals observed in our work. It is evident that many conditions of 

a typical peroxidase reaction could not be present (e.g., no enzymes or haem groups participate 

in our reactions) or were not used (e.g., a peroxidase substrate). For this reason, we adopted the 

term ‘peroxidase-like’ reaction, defined more than 20 years ago3 and widely used in the scientific 

literature since then 4. Within the context of inorganic nanoparticle surface chemistry,5-10 the 

term ‘peroxidase-like’ has been used to describe the ability of inorganic (e.g. iron oxide) 

nanoparticles to catalyze the typical colorimetric reaction involving hydrogen peroxide (H2O2) 

and chromogenic reagents that are oxidized by the peroxidase enzyme.4,11 It is well known that 

the oxidation of  substrates by the peroxidase enzyme involves the formation of free radicals,12-14 

as evidence by EPR measurements with DMPO.15 We used the term ‘peroxidase-like’ to describe 

the activity in Fenton-based reactions, whereby iron oxides catalyze the decomposition of 

hydrogen peroxide (H2O2) into reactive oxygen species (ROS), such as the radicals •OH and 

•OOH.16 

The authors also hold that the, from the results of our work, no catalytic activity can be attributed 

to the nanoparticles. Their assertion is based on a somewhat simplified calculation, as for 

example they did not consider the actual iron distribution in a Fe-containing nanoparticle, that is, 
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that only ions located at the particle surface can participate of the reaction, and this is a minor 

fraction of total iron that depends on the particle size. Neither had they considered that the 

DMPO trapping efficiency varies for every oxygen-centered radical. 

For those reasons, in our manuscript we quantified the free radical production by comparing 

against control samples (i.e., without nanoparticles), and we further reported the absolute 

concentration in each case. These measurements indicate that the free radical concentration 

increased by a factor of ~10 in presence of magnetite nanoparticles. Furthermore, we observed 

that the reaction rate was dependent on the ferrite composition. 

We believe that it is not adequate to normalize the free radical concentration by the total amount 

of Fe(II) of the nanoparticles in the solution because only the superficial iron ions participate in 

the reaction. Specifically, assuming that available Fe(II) ions are those located within a surface 

shell of  0.8 nm thickness (i.e., the lattice parameter value for spinel), the ratio 𝑹 =

 for the particles of our work having sizes between 10-12 nm is R  0.35-
𝑽𝒐𝒍𝒖𝒎𝒆 𝑺𝒉𝒆𝒍𝒍

𝑽𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝑵𝒂𝒏𝒐𝒑𝒂𝒓𝒕𝒊𝒄𝒍𝒆

0.40, respectively. That is, only 40% of the Fe(II) ions can participate in the reaction. Indeed, 

we recently published a work in which we compare the TMB oxidation rate by the ferrite 

nanoparticles with the free iron ions from metal salts at the same nanoparticle iron concentration, 

and within our experimental sensitivity, we observed that only nanoparticles were able to oxidize 

TMB and not free iron ions.17 This result rules out the effect of iron impurities as suggested by 

the comment´s authors. Also, the Fenton reaction is a catalytic reaction.  

A final remark related to the comment about the non-observed catalytic activity at 

physiological pH: although we reported non-catalytic activity at pH 7.4 (PBS), free radical 

formation in presence of nanoparticles was clearly observed in vitro. The expected intracellular 
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localization of the dextran-coated nanoparticles once they are incorporated into the cell could be 

the lysosome (pH 4.8),18,19 and an important free radical formation was observed at this pH, in 

our work and others that reported a dual enzymatic-like activity of peroxidase at acidic pH and 

catalase at neutral pH.6  Therefore, contrary to the final remark of the comment, these results 

show that at physiological conditions, free radicals were clearly formed.

The aim of our work is centered in the quantification and the study of the catalytic activity 

with different particle compositions. The analysis of the free radical production is relevant 

because the magnetic nanoparticles are experimentally or clinically used in different applications 

such as magnetic resonance imaging (MRI), ophthalmology, and hyperthermia treatment among 

others.20 However, we did not attempt to extrapolate our results to a further interpretation from 

the point of view of any neurodegenerative pathology. The application of these results in 

neurodegenerative pathologies in general, and in the Alzheimer disease in particular, is very 

distant from the scope of our article.1  
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