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Gathering of existing in vivo data. An overview on available in vivo data used to justify grouping
of ingested NFs was collected by the analysis of public scientific literature using online resources as
PubMed and Google scholar database with the following keywords: oral exposure to
nanomaterials/nanoparticles, ingested nanomaterials/nanoparticles with a focus on NFs
accumulation, clearance and toxicity (local, systemic and microbiota alteration). Dates of research
cover the period from January to February 2021.
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Figure S1. The IATA which addresses the ‘quick dissolving’ oral ingestion hypothesis related to
microbiome dysbiosis (H-O-Q3). Following oral exposure both NFs and constituent ions or
molecules may drive antimicrobial impacts (e.g., reducing microbial content and diversity within
the OGI tract), but there is no concern for NF accumulation. Blue bordered boxes are decisional
nodes, red bordered boxes are hypothesis conclusions, black bordered boxes are considerations.
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Figure S2. The IATA which addresses the ‘gradual dissolving’ oral ingestion hypothesis related to
local toxicity (H-O-G1). Following oral exposure both NFs and constituent ions or molecules may
lead to local inflammation in the OGI tract. Blue bordered boxes are decisional nodes, red bordered
boxes are hypothesis conclusions, black bordered boxes are considerations.
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Figure S3. The IATA which addresses the ‘gradual dissolving’ oral ingestion hypothesis related to
microbiota dysbiosis (H-O-G3). Following oral exposure both NFs and constituent ions or molecules
may drive antimicrobial impacts, such as reducing microbial content and diversity within the OGI
tract. Blue bordered boxes are decisional nodes, red bordered boxes are hypothesis conclusions,
black bordered boxes are considerations.
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Figure S4. The IATA which addresses the ‘very slow dissolving’ oral ingestion hypothesis related
to local toxicity (H-O-S1). Following oral exposure NFs will maintain nanospecific activity that may
lead to local inflammation within the OGI tract. Blue bordered boxes are decisional nodes, red
bordered boxes are hypothesis conclusions, black bordered boxes are considerations.
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Figure S5. The IATA which addresses the ‘very slow dissolving’ oral ingestion hypothesis related
to microbiota dysbiosis (H-O-53). Following oral exposure NFs will maintain nanospecific activity
that will drive antimicrobial impacts, such as reducing microbial content and diversity within the
OQGI tract. Blue bordered boxes are decisional nodes, red bordered boxes are hypothesis conclusions,
black bordered boxes are considerations.



Nanoforms. NM101, NM103, NM110, NM111, NM200 and NM203 were obtained from the JRC
Nanomaterials Repository (Ispra, Varese, Italy). The E171, Silica_Std, Silica_Al and Silica_Silane
were commercially materials provided within the GRACIOUS project. Food grade non-nano TiOz,
E171, was obtained from Venator (Germany), whereas Silica NFs were obtained from Nouryon
(Sweden). The table below provides a list of the main physico chemical characteristics of the selected
NF [1-5].

Table S1. PCs characteristics of the tested NFs

NF Type of material Size (nm) Specific surface area Coating
(BET, m2/g)
NM110 Zinc Oxide 158 12,4 uncoated
NM111 Zinc Oxide 152 15 triethoxycaprylsilane
NM101 Titanium Dioxide 55 316,07 uncoated
(anatase)
NM103 Titanium Dioxide 24 50,83 Aluminum
(rutile)
E171 Titanium Dioxide 204 15 uncoated
(anatase)
NM200 Silicon Dioxide 25 189 uncoated
(precipitated)
NM203 Silicon Dioxide 29 203 uncoated
(thermal)
Silica-Std Silicon Dioxide 11 209 uncoated
(colloidal)
Silica-Al Silicon Dioxide 13 175,5 Na-aluminate
(colloidal)
Silica-Silane Silicon Dioxide 11 215,6 glycerol-propyl moieties
(colloidal) from alkyl-tri-
alkoxysilanes

Cascade in vitro dissolution assay. In order to simulate the digestion process a modified version of
the in vitro dissolution test described by our recent works was followed [6,7]. Here the overall
volume of the process was scaled down two-fold to increase its practicality. NFs was dispersed in
MilliQ water at the concentration of 2.56 mg/mL. The stock suspension was then sonicated using
“Sonopuls Ultrasonic Homogenizers HD2200” equipped with 3mm probe. The power applied
during the sonication was 30% amplitude for 5 minutes. The suspension was then diluted in MilliQ
water at the working concentrations, of 50 pg/mL (ZnO and TiO2 NFs) and 1000 pg/mL (SiO2 NFs).
Juices (saliva, stomach, duodenum and bile) were prepared the day of the experiment and were pre-
heated to 37°C before starting the digestion process. To begin, 0.500 ml of NFs at different
concentrations was transferred into a falcon tube. The digestion process started when 3 mL of saliva
juice was added to the NF suspension. After 5 minutes at 37°C (shaking at 80 RPM), 6mL of stomach
juice was added and the falcon tube were then incubated for other 120 minutes at 37°C (shaking at
80 RPM). At the end, 6 ml of duodenal fluid, 3 ml of bile salts and 1 mL of 84.7 g/L sodium
bicarbonate were added before further 30 and 120 minutes of incubation at 37°C (shaking at 80 RPM)
(corresponding to the cumulative sampling time of 155 min and 245 min, respectively).



Ultrafiltration (UF) and Inductively coupled plasma - optical emission spectrometry (ICP-OES).
Ultrafiltration of digested samples was performed using Amicon Ultra 15 mL centrifugal 3K filters
according to the manufacturer’s instructions. The flow-throughs containing free ions only was then
processed by ICP-OES. Samples (TiO: and ZnO) were dissolved in Aq. Regia (Hydrochloric acid,
HCI and Nitric acid, HNOS3, ratio 3:1) at a final concentration of 10% v/v with MilliQ water and then
analyzed by ICP-OES (Agilent 720/730 spectrometer). Silica samples manipulation was carried out
in order to minimize silicon background (silicon release from equipment) using ultrapure reagents
and disposable polypropylene tubes. Samples were then dissolved in hydrofluoric acid (HF) at a
final concentration of 10% v/v with MilliQ water. ICP calibration standards were used to construct
a multipoint standard curve.

Dissolution rate calculation. Dissolution rate of NFs after the digestion process was derived
following the calculation described in Keller et al [1] and it is consistent with the first-order
dissolution kinetic of ISO 19057:2017 [8]. In brief, the total ion mass dissolved at time t [Mion (t)]
obtained by ICP analysis in intestine (after 155 and 245 minutes) was used to derive the dissolution
k rate as follows:

Mion(t)
Kais ==, /8t (1)

At is the sampling interval time over the entire digestive process. Two sampling times were selected:
155 minutes and 245 minutes of NF incubation, which corresponds, the first, to the 30 minutes
elapsed from the addition of the intestinal simulant juice to the mixture of saliva and stomach, and
the second time is the end of process. SA (t) is the specific surface area at time t and is approximated
as:

SA(t) = BET (to) * (Mo — Mion (£)) (2)

SA is obtained by multiplying the Brunauer-Emmett-Teller (BET) value at time 0 (t0) to the Mo-
Mion(t), where Mo is the total ion mass of the NF at time 0, supposing a 100% of dissolution (diluted
with the respect of compartment dilution factor in which NFs undergo in the process (i.e., 1:39 for
the intestine). The inclusion of the BET value is important as it links the kais to the surface area of the
NFs. By the equation (2), the conventional expression unit of k is ng/cm?/h. Dissolution k rate can be
converted to dissolution half-life ti2, expressed in hours, by:

(©)

In (2)
BET*K gis

ti2 =

Statistical Analysis. Data are expressed as mean values + standard deviation. Differences have been
considered significant for p values < 0.05. Statistical analysis was conducted using GraphPad Prism
8.4 (GraphPad Software Inc., La Jolla, CA, USA). An Unpair Student’s t test was performed.
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