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Introduction

The original aim of NANoREG task 4.5.7 was to define protocols for acute and repeated in-vivo inhalation
exposure studies relevant to oxidative-stress, inflammation and genotoxicity, to give reference data on
different nanomaterials (NMs) and to compare in vivo test results to in vitro results. Due to technical is-
sues, inhalation exposure studies had to be replaced by an instillation study at doses similar to those
expected for the acute and repeated inhalation studies.

Description of Work

An instillation study was performed in rats using different metallic oxide NMs. CeO, NM212
(JRCNMO02102a), NanoTiO2, NM100 (JRCNMO01000a) and NM101 (JRCNMO01001a) were selected for
their differences in surface properties (size and coating) and were compared to the TiO2, NM105 which is
not in the NANOREG core group but which has been extensively studied for pulmonary toxicity in rats.

After a single intratracheal exposure at 5, 50, 500 pg/lungs, rats were sacrificed after various times (3
and 24h, 5, 35 and 90 days). The doses mentioned correspond to 0.125, 0.0125, 0.00125 ug/cm? assum-
ing 4000 cm? for total rat lung alveolar surface. Pulmonary endpoints including pulmonary burden, cyto-
toxicity, oxidative stress, inflammation and genotoxicity were evaluated in animals sacrificed 3h, 24h and
5d after instillation. The histopathological evaluation of the lung tissue, the pulmonary clearance and the
biodistribution were assessed after 35 and 90 days.

Main results and evaluation

All NMs were detected in the tracheobronchial lymph nodes after 35 and 90 d. There was no significant
systemic distribution in liver, kidneys and spleen.

The table below summarizes the cytotoxicity, oxidative and pro-inflammatory potential of the 4 NM tested
3h, 24h and 5d after a single intratracheal instillation using the mass as dose metric. Genotoxicity was
determined in the blood of the rats of the 5-day group, 2 days after instillation.

Cytotoxicity Oxidative stress Inflammation Genotoxicity
Exposure duration 3h 24h 5d 3h 24h 5d 3h 24h 5d 2d
after a single IT
TiO, NM105
NM101
NM100
CeO; NM212

‘ significant effects allowing the determination of a LOAEL IT intratracheal instillation;
- significant effects but no dose-related ND not determined
no significant observed effects

Table: Lowest observed adverse effect levels (LOAEL in ug/rat). To assess the cytotoxicity, the LDH levels in BALF were
assessed. For the oxidative stress, the levels of intracellular ROS were measured in BALF cells. For the inflammation, BALF
cytology and total proteins, IL-15, IL-6, Kc-Gro, TNF-a were assessed. Genotoxicity was evaluated by the micronucleus assay
on blood erythrocytes.



The histopathological examination (for NM100 and 101) showed no treatment-related finding.

Using cytotoxicity and ROS measurements, it was not possible to discriminate between the different TiO>
tested. A slight but significant increase in ROS for the TiO2, NM101 at the high dose after 5 days was not-
ed. An early but transient cytotoxicity was also noted for the CeO, NM212 3h after instillation. Regarding
the pro-inflammatory properties, the change in total number of cells harvested by BAL was not sensitive
enough to rank the different NM. However, the number of neutrophils in BALF was more informative.

Assay Ranking (decreasing)

Cytotoxicity (LDH 3h) NM212>NM105~NM101~NM100 (3h)
Cytotoxicity (LDH 24h, 5d) NM212~NM105~NM101~NM100 (24h, 5d)
Oxidative stress (ROS, 3h, 24h) NM212~NM105~NM101~NM100 (3h, 24h)
Oxidative stress (ROS, 5d) NM101>NM212~NM105~NM100 (5d)

Total number of cells in BALF (3h, 24h, 5d) NM212~NM105~NM101~NM100 (3h, 24h, 5d)
Neutrophil number in BALF (3h) NM212~NM105~NM101~NM100 (3h)
Neutrophil number in BALF (24h) NM105~NM101>NM212~NM100 (24h)
Neutrophil number in BALF (5d) NM105~NM212>NM101~NM100 (5d)

The cytokine measurements in BALF confirmed the pro-inflammatory potential of the TiO2 NM105 and
NM101 and the CeO, NM212.

To conclude, considering the overall short-term toxicity, the relative ranking of the NMs was
NM105~NM101~NM212 > NM100 when using the mass as dose metric. When taking into account the
surface area of each NM, the NMs were ranked differently in term of toxicity. NMs 105 and 212 seemed
more toxic than the NM101. Ranking NM100, using the surface area as dose metric, was not possible
due to lower maximum doses in cm? compared to the other NMs.

General conclusions and recommendations

From the results obtained in the study, the following conclusions/recommendations can be drawn about
the choice of relevant endpoints and dose metrics to assess NM Toxicity in vivo and about safe by design
strategy.

1. In order to assess the intrapulmonary dose, it is important to measure experimentally the initial lung
burden. It is of utmost importance for inhalation studies as there is no clear relation between the con-
centration of NM in the aerosol (metrics/m?®) and the effective dose in lungs but also for instillation
studies as some discrepancies may occur between the theoretical and the real doses instilled as
shown for the CeO, NM212 and the TiO2, NM101.

2. Compared to 3h and 5 days, the time of 24h after the exposure seems to be the most informative
regarding short-term effects, especially by evaluating the pro-inflammatory potential.

3. The biological endpoint which appears the most informative and sensitive regarding the inflammatory
potential is the determination of the cell types recovered by bronchoalveolar lavage, in particular the
number of neutrophils in the case of poorly soluble metallic nanomaterials. Pro-inflammatory media-
tors may give additional information but as they vary greatly over time, the interpretation of the results
could be sometimes difficult.

4. Assessment of oxidative potential is difficult as ROS are labile and induce reactions to counteract
their formation. ROS measurements should be completed by related assays such as measurements
of intracellular anti-oxidative defences or markers of oxidative damages such as Malondialdehyde.

5. The mass of NM deposited into the lungs represents a good dose metric for toxicity studies. Never-
theless, the surface area should also be considered when comparing the toxicity of several poorly
soluble NMs, to provide better understanding about the NM parameters influencing the biological re-
sponses observed.

This is important to keep in mind that non-specific short-term effects (such as pro-inflammatory ef-
fects) are nonetheless not an absolute indication of long-term adverse outcomes .

For more details about NANOREG please visit the official website www.nanoreg.eu.
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