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1. Description of task

Task 2.3 Evaluation and complementation of Repeated Dose Oral Toxicity
Studies; (IUF, KRISS BASF, NRCWE); M1-27

Original DoW: Systemic uptake of ENM following oral exposure is very low, although

translocation to and effects in secondary organs have been shown!?3 ENM
predominantly accumulate in the liver and spleen. Assessment of organ burden from
stored tissues will be restricted to intestines (port of entry) and liver/spleen (target).
The evaluation of studies on oral toxicity will focus on local effects in the intestine, and
on possible liver toxicity to align with WP4. Histopathology and enhanced 2D and 3D
darkfield imaging of ENM distributionveri n the
and spleen will be performed on tissues from ongoing and pre-existing studies in mice
using, among others, amorphous SiOz, TiOz (P25), Ag and CeO2 ENM, applied in food
pellets at concentrations at and below 1% mass (relating to the allowed amount of
(nanosize) EU-approved food additives; IUF, NRCWE, BASF). Application type and
concentrations will thus reflect realistic exposure scenarios in humans compared to
gavage (bolus) applications in which stomach passage time and food-matrix protective
effects differ, or applications in drinking water that may lead to dosimetry artefacts due
to ENM sedimentation and exposure dissolution. Fresh food pellets will be used to
minimise ENM ageing/modification effects as shown e.g. for AgNP#. Tissues from
available 13-week oral ENM exposure studies (CeO2 and SiO2) and further short-term
(28 days) studies in mice will be evaluated for markers of oxidative stress, inflammation
and genotoxicity (DNA strand breaks/oxidation; IUF) allowing comparison with
investigations in WP4 on 3D GIT and liver models. Effects on Gl tract microbiome as
shown e.g. for AQNP will also be considered (IUF). This allows for connection to WP4

where the same ENM will be tested in vitro with advanced GIT models that incorporate

1 Geraets et al. (2014) Tissue distribution and elimination after oral and intravenous administration of
different titanium dioxide nanoparticles in rats. Part Fibre Toxicol 11 30.

2 van der Zande et al. (2014) Sub-chronic toxicity study in rats orally exposed to nanostructured silica.
Part Fibre Toxicol 11 8

3[Folkmann et al. (2009) Oxidatively damaged DNA in rats exposed by oral gavage to C60 fullerenes
and single-walled carbon nanotubes. Environ Health Perspect 117 703-8

4 van den Brule et al. (2016) Dietary silver nanoparticles can disturb the gut microbiota in mice. Part
Fibre Toxicol 13 38
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simulated digestion® and gut microbiota-derived metabolites (Task 4.2) as well as to
WP5 where microbiome effects are addressed in zebrafish. Data will also be collected
from 28-day oral studies of seven ENM conducted in rats; including full histopathology

and metabolome analysis® (BASF).

In this task one new 90-day oral exposure study in rats (Ag, by gavage) will be executed
by KRISS in collaboration with NRCWE and IUF according to OECD TG408. Selected
tissues from this new study will be provided to Task 2.5 for transcriptomics-analyses
to identify potential novel ENM-exposure and effect markers to feed into the in vitro
intestinal and liver models in WP4. All this information will be used by WP4 for the
selection of cell types and used in WP6 to support the computational modelling

activities.

5 Gerloff et al. (2013) Influence of simulated gastrointestinal conditions on particle-induced cytotoxicity
and interleukin-8 regulation in differentiated and undifferentiated Caco-2 cells. Nanotoxicology 7 353-66

6 Buesen et al. (2014) Effects of SiO(2), ZrO(2), and BaSO(4) nanomaterials with or without surface
functionalization upon 28-day oral exposure to rats. Arch Toxicol 88 1881-906

4 of 27



H2020-NMBP-2017 PATROLS Deliverable 2.3

2. Description of work & main achievements

2.1 PATROLS internally available tissue samples for further examinations
Within WP2 of PATROLS, an overview of all internally available tissues was made.
The tissues that were available for the inhalation route of exposure were listed in the
Deliverable 2.2 report. Table 1 of the present report lists the available tissues from the
oral exposure studies. It includes studies that used ENM application by oral gavage as
well as studies in which ENM were provided ad libitum via introduction in feed pellets.
In addition to these studies, a new 90-day oral exposure study was performed in rats
with TiO2 according to OECD TG408 by KRISS (see section 2.6). Several of the
available tissues were used or made available for further analysis in the course of the
project, e.g. for histopathology, ENM distribution analysis or marker analyses as
described in the next sections.

For the sub-chronic oral studies that were performed in the C57BL/6J mice with
Ce0O2 (NM212) and SiO2 (SAS) histopathological evaluation was explicitly determined
for the PATROLS-relevant organs, i.e. small and large intestine, liver and spleen (IUF).
The mice in these studies were exposed ad libitum by application of the ENM in feed
pellets at two different concentrations, i.e. 0.1 % and 1% (w/w). Sections were blindly
evaluated by an experienced veterinary pathologist using Haemotoxylin and Eosin
(H&E) stained sections for these organs and additionally Periodic Acid Schiff (PAS)
stained sections for small and large intestine. Results are shown in table 2. Overall,

there was no difference between the experimental groups.
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Table 1. Available tissues from oral exposure studies performed by PATROLS partners for further analysis

BaSO4 BaS0O4 (NM- Preserved
NM-220 220) oral gavage, 28days BASF In block tissue
SAS SiO2 Oral gavage, 28 days 1 BASF X X In block Prgserved
amorphous tissue
I [sloe In block &
CeO2 _ Oral in feed pellets 1% and (ASwi s ¢ Inblock &
SiO» CeOz_NM212 0.1% (w/w) (ad libitum, 3 IUF of small Preserved Prtei\g:l;\éed I SlEs
amorphous Si02 weeks and 13 weeks) intestine & tissue
colon)
Dequssa/ IV, PO with 3 post-exposure
CeO2 =9t follow-up times and one 1, 28, 180 NRCWE ? a a a a and
Quimidroga
dose of 162ug
Rutile IV, PO with 3 post-exposure
TiO2 ' follow-up times and one 1, 28, 180 NRCWE ? a a a d and
NanoAmor
dose of 162ug
Oral in feed pellets 1 ( ﬁInSb:z(;,k g . Inblock& Inblock& Inblock &
Ag-PVP Ag-PVP concentration vs controls IUE of small " Preserved  Preserved Preserved
TiO2 p25 TiO2 p25 (ad libitum) 28 days & 28 : ; tissue tissue tissue
intestine &
days + 14 days recovery
colon)
In block
) i Oral in feed pellets, 6 (ASwi s Preserved Inblock &  Preserved
1/_'\% PVZPS .ﬁg PVZPS concentrations (ad libitum), IUF of small tissue Preserved tissue
2P 2p 28 days intestine & tissue
colon)

X = H&E-stained slide available, may need to prepare new ones if the quality is not good any more. (x) = H&E-stained slide available, probably no
new slides. IV = intravenous administration; PO = Oral administration

ad = I n general, N R C VaBAd Siriassstaited dide®dndparaffin HI&cks from lung, liver, kidney, spleen and heart, and for
additional organs for some studies & frozen liver
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Table 2. Histopathological evaluation of mice organs after 13 week feeding with SiO2 or CeO2 ENM.

Shown is the grading of the lesion and the ragnof animals in brackets.
The following grading has beesed: 0 = no findings,A. minimal, 2 = slight, 3 = moderate=4evere, 5 = massive.

control 0.1 % Si® 1% SiQ 0.1 % Ce® 1% Ce®
Liver n=5 n==6 n==6 n==6 n==6
Focal inflammatory infiltratec 1(5) 1(4), 2(2) 1(6) 1(6) 1(6)
Focal necrosis 1(2) 1(0) 1(2) 0 (6) 0 (6)
Increased interstitil cells 0 (5) 2D 1(2) 1(2) 1(2)
Increased glycogel 0 (5) 0 (6) 0 (6) 2(2),3(1) 0 (6)
Vacuolation 0 (5) 0 (6) 0 (6) 0 (6) 2(3)
Spleen n=>5 n==6 n==6 n = 5* n=6
Increased pigmeni 2 () 2(3) 0 (6) 2(2) 1(1),2(1)
Congestion 0 (5) 2D 0 (6) 0 (5) 0 (6)
Increased extramedullatyaematopoiesis 0 (5) 0 (6) 3(1) 1) 2
Increased megakaryocyte 0 (5) 0 (6) 2 (1) 0 (5) 0 (6)

* one sample noevaluable due to embedding artefacts

Small & Large Intestine
Minimal focal inflammatory infiltrates (intrenucosal) in all specimens.
In some cases inflammatory infiltrates in adjacent tissue and pancreas with focal vacuolation (grau
Clearly visible goblet cells in PAS stained slides (small intestine +; large intestine +
Partly mucus on surface. Gut associated lymplisglie (GALT) in almost all specimens detectable.
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2.2 Enhanced 2D darkfield imaging (NRCWE)
To identify possible cellular interactions of ENM in vivo, enhanced darkfield microscopy
was performed on tissues from a sub-chronic oral study mice with CeO2 (NM-212) in

feed pellets (1% wiw).

Method. Cytoviva enhanced darkfield hyperspectral system (Auburn, AL, USA) was
used for scanning histological sections of small and large intestine and liver.
Aggregates of foreign material in tissue originating from CeO2 exposure is hardly
detectable in brightfield microscopy, but show intense light scattering in enhanced
darkfield”8. Images were acquired at 40x and 100x on an Olympus BX 43 microscope
with a Qimaging Retiga4000R camera for darkfield and a Nikon DS-Fi2 camera for
brightfield.

1-2 sections per tissue from 5 animals per group were scanned at 40x magnification.
ASwi ss r ofdf smallsineestinel were snly partly scanned by scanning across
the roll through the middle in two perpendicular scans, thereby including all

representative parts of small intestine. Al | l ymphoid tisswes/ Peyer

located in brightfield and scanned in enhanced darkfield.

Results. In general there were many light scattering artefacts in all samples including
controls, which complicated the analysis. For liver and colon, 1 tissue section/animal
from 5 animals per group were scanned. Very few nanomaterial-like agglomerates
were found in liver and colon of only one animal (not shown), and therefore we cannot
conclude if these were artefacts or nanomaterial.

In small intestine, we found light scattering objects in most P e y & patéhes/lymphoid
tissues in both the control and the CeO:2 exposed group. However, in 3 of 5 CeOz2

exposed animals there appeared to be an increased density of scattering objects in

’ Modrzynska J, Berthing T, Ravn-Haren G, et al. In vivo-induced size transformation of cerium oxide
nanoparticles in both lung and liver does not affect long-term hepatic accumulation following pulmonary
exposure. PLoS One 2018; 13(8): €0202477; doi: 10.1371/journal.pone.0202477.

8 Modrzynska J, Berthing T, Ravn-Haren G, et al. Primary genotoxicity in the liver following pulmonary
exposure to carbon black nanoparticles in mice. Part Fibre Toxicol 2018, doi: 10.1186/s12989-017-
0238-9

9 The Swiss Roll technique enables the (immuno)histological analysis of long segments of the intestine:
Segments are slit open longitudinally. Following careful removal of contents the segments are rolled up
longitudinally with the mucosa outwards and placed in fixative for subsequent embedding (Moolenbeek
C, Ruitenberg EJ. The "Swiss roll": a simple technique for histological studies of the rodent intestine.
Lab Anim. 1981;15:57-59)
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the periphery of large lymphoid tissues (Figure 1). Based on standard H&E stain, it was
not possible to identify if the material is associated with a specific cell type (Figure 2).
A high density of light scattering objects was also found in 2 of 5 CeO2 exposed animals
in what appeared to be adventitia - the outer tissue surrounding the small intestine
(Figure 3). However, the objects could also be located in mucus belonging to the lumen
of the next layer of small intestine in the Swiss Roll preparation. It requires further
imaging to evaluate whether this observation represents an artefact or not.

A few observations of nanomaterial-like agglomerates were found in the small intestine
epithelium of one CeO2 exposed animal (Figure 4). The agglomerates appeared inside
absorptive cells or in one case possibly a goblet cell (not shown). A single similar
observation was found in one control animal, although with a slightly different

appearance in darkfield and brightfield (Figure 4).

In conclusion, the darkfield analysis indicates the presence of foreign material in small
intestine, but not in colon or liver, after sub-chronic oral exposure to CeO: in feed
pellets. Further imaging and chemical analysis is needed to determine if the scattering
objects found in Peyer6 s p a and &deestitia or mucus of small intestine is CeO:2

nanomaterial, and if the material is interacting with other cell types than lymphocytes.
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Controls

Figure 1. Lymphoid tissue (red) in murine small intestine after subchronic oral exposure to
CeO: in feed pellets. (a-c) Control group. (d-f) CeO group. A higher density of foreign
material (white arrowheads) is found in the periphery of large lymphoid tissues in the CeO;
group. f) The marked area is shown at higher magnification in figure 2. Enhanced darkfield
microscopy, H&E stain.
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Figure 2. Periphery of large lymphoid tissue in murine small intestine after subchronic
oral exposure to CeO; in feed pellets. Brightfield (a) and enhanced darkfield (b)
microscopy at higher magnification of the marked area in figure 1f. Foreign material is
barely detectable as brown spots in brightfield (a) and appears white and particle-like in
darkfield (b). Grey arrowhead marks a common light scattering artefact (light green) from
sample preparation.

Control

Figure 3. Foreign material between layers of murine small intestine in Swiss Roll. a) Control
tissue, with higher magnification in c¢). b) CeO, group, with higher magnification in d). A
higher density of light scattering material (white arrowheads) is seen in CeO, exposed
tissue either in adventitia below muscular tissue (M), or in mucus above villi (V) of mucosa.
Grey arrowheads mark common light scattering artefacts (light green) from sample
preparation. Enhanced darkfield microscopy, H&E stain.
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Fi gurFeor ei gn materi al awgd ]| lamarcodambheesa diswhu rtiene smal |l i nt e
epithelial cells after subchroutie®@ayoal W4 dvw/swere @ o f e
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