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1 Description of task 
Repeated-dose 90-day oral toxicity study 

[ISS] 

The aim is the identification of hazards and to obtain dose-response data to characterise the hazards of a 
nanomaterial highly relevant for food safety. A repeated-dose 90-day oral toxicity study in rat with amorphous 
silica (SiO2) will be performed on the basis of the OECD guideline 408. Additional parameters will be 
considered for the hazard characterization (as in the OECD test guideline 407). In particular, more emphasis 
will be placed on endocrine-related endpoints, and reproductive toxicity related effects will be studied. 
Moreover, specific attention will be paid to cardiovascular and inflammatory parameters. 

 

2 Description of work & main achievements 
2.1 Summary 

A repeated-dose 90-day oral toxicity study in rat has been proposed and carried out on the basis of the OECD 
TG 408. This protocol has been considered by EFSA (EFSA, 2011) as the minimum requirement to identify 
hazards and obtain dose-response data to characterize the hazards of nanomaterials relevant for food safety.  

The test material chosen for the study is amorphous silica dioxide (SiO2 NM-203, JRC repository) - the food 
additive E551 - which has been selected as nanomaterial model in the Nanogenotox Joint Action 
(http://www.nanogenotox.eu/) for oral testing due to its relevance in food safety and successfully tested in 
short-term oral studies in rodents. Thorough characterization of the nanomaterial at the doses used in the new 
experiments (especially size range/aggregation state) has been performed although the dispersions protocol 
and characterization methods have been built upon knowledge already gained in Nanogenotox. Sprague 
Dawley rats (both sexes) have been used. Dose levels: 0 (vehicle only – distilled water), 2, 5, 10, 20 and 50 
mg/kg bw a day via oral administration by gavage, 5 days/week for 90 days. Bulk material (silicic acid) at 50 
mg/kg bw a day for the comparative evaluation of tissue biodistribution was used. To minimize the background 
intake of soluble silicon different from the treatment, rats will be fed with an Harlan diet showing the lowest 
silica concentration in comparison to other rodent diets (Harlan Teklad 2016). Characterization of NM203 
dispersion was carried out by DLS and FF-UV-MALS-ICP-MS. Biodistribution and deposition in target tissues 
at day 90, will be determined by ICP-MS after tissue dissolution using methodology developed in Nanogenotox 
(low LoDs). Determination of individual SiO2 agglomerates/aggregates in tissues by single-particle ICP-MS. 
Animal experiments according to European Community Council Directive 2010/63/UE- Italian Law 4 marzo 
2014, n. 26 and the OECD Principles on Good Laboratory Practice at the Istituto Superiore di Sanità (ISS) in 
compliance with the international rules UNI CEI EN ISO/IEC 17025.  

In order to fulfil the EU requirements on in vivo animal testing, tissues and blood samples from control and 
treated rats have been shared among national and international working groups (see below) considering the 
endpoints selected for the study: 

 Animal experiment/Histopathological analysis/Serum biomarkers/Germ cell 
genotoxicity/characterization of Si nanoparticle dispersion/biodistribution-bioaccumulation in target 
tissues (ISS Dpt of Veterinary Public Health and Food Safety) 

 Reproductive toxicity (Tor Vergata University of Rome)  

 Genotoxicity male rats, male reproductive toxicity (ENEA partner 18 NANoREG) 

 Genotoxicity female/male rats (ANSES, NANoREG partner 35 and ISS Dept. Environment and 
Primary Prevention). 

 Immunotoxicity (ISS Dpt of Infectious, Parasitic and Immune-mediated Diseases) 

The results from the study are used to identify a Benchmark Dose lower confidence limit (BMDL). The 
traditional NOAEL approach is also used for regulatory purposes. 

 

2.2 Background of the task  

Nanotechnologies are a broad assemblage of processes, materials, and applications that cover physical, 
chemical, biological, engineering and electronic sciences. The small size of nanomaterials (NMs) gives them 
unique properties. One important feature of NMs materials is the increased surface area, which can affect 
reactivity with other materials and may result in increased ability to translocate across biological membranes. 
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In food and feed, nanotechnologies offer several advancement in food packaging and storage that enhances 
shelf-life of fresh foods. Moreover, more efficient nutrient delivery and formulations with improved 
bioavailability can be obtained with NMs (EFSA, 2009). Following a request from the European Commission, 
the Scientific Committee of the European Food Safety Authority (EFSA) prepared a guidance document for the 
safety assessment of the application of nanoscience and nanotechnology to food and feed. 
EFSA stated that the traditional risk assessment paradigm (hazard identification and hazard characterisation 
followed by exposure assessment and risk characterisation) is appropriate for NMs. Adequate characterisation 
of NM is essential for establishing its identity and physico-chemical forms in food/feed products and under 
testing conditions. In fact, the physico-chemical parameters may change in various environments and the 
characterisation of NM should be determined in different stages, i.e. as manufactured (pristine state), as 
delivered for use in food/feed products, as present in the food/feed matrix, as used in toxicity testing, and as 
present in biological fluids and tissues. 
The risk of an NM should be determined by its chemical composition, physico-chemical properties, its 
interactions with tissues, and potential exposure levels. After the physico-chemical parameters, the absorption, 
distribution, metabolism and excretion (ADME) parameters are likely to be influenced by both the chemical 
composition of the NM as well as its physico-chemical properties (e.g. size, shape, solubility, surface charge 
and surface reactivity). A stepwise testing approach is suggested by EFSA. When information on a non-
nanoform of the same substance is available and where some or all of the NM persist in the food/feed matrix 
and in gastrointestinal fluids, information on ADME and toxicity of the non-nanoform should be compared with 
ADME and repeated-dose 90-day oral toxicity study and genotoxicity information of the NM. When information 
on a non-nanoform is not available and where some or all of the NM persist in the food/feed matrix and in 
gastrointestinal fluids, the approach for toxicity tests on the NM should follow the relevant EFSA approach 
(EFSA, 2011). 
Among others, the main objectives of NANoREG are to provide legislators with a set of tools for risk 
assessment and decision making instruments for the short to medium term, by gathering data and performing 
pilot risk assessment, including exposure monitoring and control, for a selected number of nanomaterials used 
in products, as well as to develop for the long term new testing strategies adapted to a high number of 
nanomaterials where many factors can affect their environmental and health impact. 
The study aimed at fulfilling such objectives providing data and performing pilot risk assessment for a 
nanoparticle highly relevant for food safety. Moreover, the study contributed to test the suitability of using the 
OECD Testing Guidelines in the frame of nanotoxicology. 
In particular, Task 4.5.5 interlinked with Task 1.3 collecting information on hazard and mode of action. The 
Task actively contribute to the ISA-TAB development. 
 
2.3 Description of the work carried out 

Scheme of the animal experiment 

90-day oral toxicity study on the basis of the OECD test guideline 408. 
Animal model: young adult Sprague Dawley rats, 10 sex/group, body weight at the beginning of experimental 
procedures approximately 150 g. For bulk material, 3 rats sex/group were used.  
Test nanoparticle: SiO2 NM-203, JRC repository, from the NANoREG core materials. 
Oral administration by gavage 5 days/week for 90 days. 
To minimize the background intake of soluble silicon different from the treatment, rats will be fed an Harlan 
diet showing the lowest silica concentration in comparison to other rodent diets. 
Dose levels: 

1) Control, vehicle only [C] 
2) 2 mg/kg bw 
3) 5 mg/kg bw 
4) 10 mg/kg bw 
5) 20 mg/kg bw 
6) 50 mg/kg bw 
7) SiO2 bulk, silicic acid at 50 mg/kg bw per day – for the comparative evaluation of tissue 

biodistribution. 
 

Up-to-date data on soluble silicon toxicity are available from literature and international agencies (EFSA, 
FDA). They are sufficient to avoid unnecessary use of animals to repeat toxicological testing.  
NOTE: The volume should not exceed 1ml/100g body weight, except in the case of aqueous solutions where 2 
ml/100g body weight may be used (OECD 408). 
The dose levels have been selected considering as reference points: 

 1.8 mg/kg bw per day as estimated of nanosilica for the average adult of 70 kg. (Nanotoxicology 2011 
Sep;5(3):393-405). 
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 20 mg/kg bw per day the dose level used in previous toxicokinetic studies in the frame of 
Nanogenotox project with the same nanoparticle. 

 
The study has been conducted according to the European Community Council Directive 2010/63/UE, the 
Italian Law 4 marzo 2014, n. 26 and the OECD Principles on Good Laboratory Practice, on the basis of the 
OECD TG 408. 
The rats were purchased by Harlan (Italy), and kept under standard laboratory conditions for such species 
(room temperature i.e. 22 ± 0.5°C, 50-60% relative humidity, 12 h dark-light cycle with 12-14 air changes per 
hour). After five days of acclimatization, they were treated with the suspensions by oral gavage for five days a 
week. 
 
Characterization of dispersions to be administered to rats 

Size distribution and aggregation state of the NM when dispersed in different vehicles using the Nanogenotox 
protocol (reference protocol) have been evaluated. The characterization work will be done using FFF-UV-
MALS-ICP-MS as the analytical technique, which is superior to DLS for investigating size distribution and 
aggregation state. 

 

General Toxicity 

According to the experimental procedures, general observations of health status were performed daily during 
the treatment period. Body weight gain and feed consumption were recorded twice a week. 
 
Biodistribution and deposition in target tissues at day 90 

Si biodistribution in liver, spleen, gastrointestinal tract and brain has been performed by ICP-MS after tissue 
dissolution using methodology developed in Nanogenotox (low LoDs). The determination of individual SiO2 
agglomerates/aggregates in tissues by has to be performed single-particle ICP-MS. The localization and 
morphology of particles in tissues has to be studied by EM.  

Histopathological analysis 

Histological and histomorphometrical analysis have been performed on the following tissues: 

 Liver [F] 
 Spleen [M] 
 GI tract [GI] 
 Brain [Z]  
 Adrenals [S] 
 Ovaries [O] 
 Uteri [U] 
 Heart [H] 
 Aorta [W] 
 Lungs [P] 
 Thyroid [T] 
 Kidneys [R] 
 Mesentheric lymph nodes [LM] 

 
Histopathological analysis: 
Immediately after the sacrifice, to avoid any possible postmortem artefacts, rat tissues were fixed in 10% 
buffered formalin and stored in 80% ethyl alcohol. They were embedded in paraffin, cut into 5-mm sections 
and stained with haematoxylin and eosin for the examination under a light microscopy (Nikon Microphot FX) 
with different lenses. Slides of selected tissues were examined by means of an image analysis system (Nis-
Elements D) applied to the optical microscope. Specific care was paid to easily perishable tissues, e.g. spleen. 

 
Quantitative histomorphometrical analyses were performed on ovary, testis, epididymis, uterus, thyroid, 
adrenals, kidney and spleen of all rats according to Maranghi et al. (2009), De Angelis et al. (2009) and 
Elmore (2012).  
Uterus: Using a 2 x objective, a cross-section was taken of the right uterine horn, 1 cm above the uterine 
bifurcation. The ratio between the area of endometrium and myometrium was measured as relative 
percentage of both uterine tissue components. 
Thyroid: Using a10 x objective, follicular density, as ratio between number of follicles and a predetermined 
thyroid area was measured. With a40 x objective, indirect follicular cell height was measured as the mean ratio 
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of follicle and colloid area in five randomly selected follicles/sample. In the same follicles, the mean ratio of 
follicular epithelium areas and number of nuclei were calculated as an indicator of follicular maturation. 
Follicular cell height was estimated using a 64 x objective, as the mean of five cell height in five randomly 
selected follicles/sample. 
Adrenal: Cortex and medulla areas were measured using a2x objective; ratio between cortex and medulla 
areas was calculated. 
Ovary: The classification of the different follicles was performed according to Fortune (2003). Using one of the 
largest sections in a central position of the ovary, primary and secondary follicles, corpora lutea, Graaf follicles 
and atretic follicles were counted in the whole ovarian section (4x lens) (Maranghi et al. 2009). 
Testes: Using a 20x lens, both the tubular diameters and the relative area of the seminiferus tubules were 
measured 
Epididymis: using a 10x lens, the longitudinal and transversal diameters of 20 ducts/slide were measured. 
Kidney: using a 20x objective, the glomerular area, glomerular diameter and glomerular volume was measured 
Spleen: Red pulp and white pulp areas were measured using a 2x objective; ratio between red and white pulp 
areas was calculated. 
 
Serum biomarkers  

Biomarkers of reproductive (E2, T), endocrine (T3, TSH), immune function (leptin, IL-6, total antibody isotypes 
IgM, IgG, IgA, see below) have been evaluated on serum of treated and control rats of both sexes by 
commercial ELISA kits according to manufacturer’s instructions. 
Concentrations of T3, E2 and T were assessed in rat sera in duplicate by DELFIA(Perkin–Elmer). 
Measurements were performed using a Wallac 1420 VICTOR3 Multilabel microplate 
reader (Perkin–Elmer, Life Sciences, Milan, Italy). The concentrations of T3 and T were expressed as ng/dl, 
whereas E2 concentration was expressed in pg/dl. 
Markers of liver and kidney toxicity: Alanine amino transferase, Aspartate transaminase, blood urea nitrogen, 
plasma creatinine. 
 
 
Reproductive toxicity 

Reproductive toxicity and male fertility were tested by breeding - after approximately 75 days of treatment - 10 
treated male rats from 10, 20, 50 mg/kg bw per day and control group and 10 untreated nulliparous female 
rats. Fetuses were observed at selected gestational days (GD18-20). 
Sperm count and motility were evaluated on epididymis. 
A histopathological examination of the testes has been made taking into account the tubular stages of the 
spermatogenic cycle. For each rat, 30 tubules have been examined in order to identify possible treatment 
related effects such as missing germ cell types, multinucleated germ cells, exfoliation of spermatogenic cells 
into the tubular lumen, tubular vacuolation, tubular atrophy/degeneration, disorganization of germ cells. 
Moreover the diameter of 50 tubules has been measured. 34 out of 36 samples have been analyzed since the 
staining of 2 histological sections was poor.  
 
Genotoxicity 

The comet assay is performed according to the OECD guideline 489 and to the requirements defined in the 
EFSA Scientific Report ‘Minimum Criteria for the acceptance of in vivo alkaline Comet Assay Reports’ 
(Hartmann et al. 2004; EFSA 2012). Particular attention will be paid on assessing the cytotoxicity in each 
tissue including scoring of hedgehogs on each slide, and evaluation of data obtained by histopathological 
analysis. 
The MN test is conducted according to the recommendations of OECD TG 474. Pig-a assay is conducted 
according to the recommendations of the International Expert Panel convened by the International Workshop 
on Genotoxicity Testing (Gollapudi et al. 2015). 
Peripheral blood 200 L sampled at treatment day 45 and 90 on 5 male rats/group. 
Analysis: 

- Comet assay  
- Pig-A 
- Micronucleus assay  

 
At sacrifice, Comet Assay has been performed on the following organs: 

 Testes 
 Epididymis 
 Ovaries 
 Blood 
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 Liver 
 Spleen 
 Bone marrow 
 Kidney 
 Colon 
 Intestine 

 
Immunotoxicity 

Immunotoxicity and immunological function are studied by ex vivo assays on treated and control rats. Organs 
and tissues for the isolation and analysis of immune cell populations and/or soluble factors (blood, spleen, 
lymph nodes) will be obtained from groups of 5/6 rats of both sexes at the end of the exposure period (day 
90). The following parameters have been evaluated, taking into account the suggestions of the ICH S8 
Guideline on Immunotoxicity evaluation as well as the data already available in literature on 
immunomodulatory/immunotoxic effects of nanomaterials.  
Alterations in immune system organ weights and histopathology (e.g. changes in thymus, spleen, lymph 
nodes) have been recorded. 
Function of resident peritoneal macrophages, obtained by post-mortem peritoneal washing with RPMI1640 
and 5% FCS before the tissue sampling procedures, has been assessed by in vitro LPS-induced NO and 
cytokine production. 
Beside central immune organ (spleen), the lymph node draining the exposure site (mesenteric lymph node, 
MLN) has been selected to evaluate local effects, according to the suggestions of the ICH S8 Guideline. 
Mitogen (PHA)-induced lymphocyte proliferation and lymphoid population (monocytes, T cells, B cells, NK 
cells) analysis by FACS analysis have been assessed in spleen and MLN. 
Blood counts have been performed soon after blood collection and sacrifice, with particular attention to 
hematologic changes such as leukocytopenia/leukocytosis, granulocytopenia/granulocytosis or 
lymphopenia/lymphocytosis. 
Individual serum samples have been collected and stored to evaluate levels of serum total immunoglobulins 
(IgM, IgG, IgA isotypes), and inflammatory cytokines (leptin, IL-6). 
The quantitative evaluation of cytokines and antibody isotypes in serum samples and culture has been 
performed by commercially available kits, according to the Manufacturers’ instructions. 
As far as possible, the immunological and immunotoxicity studies have been performed in compliance with 
Good Laboratory Practice (GLP), even if it is recognized that some specific assays may not fully comply with 
GLP. 
 
Data Analysis 

Continuous data in each treatment groups were not always normally distributed, as assessed by the Shapiro-
Wilk test. Moreover, numerosity and variance of the groups were not always homogeneous. Thus, a non-
parametric Kruskal-Wallis ANOVA analysis was performed to analyze data followed by post-hoc pairwise 
comparisons (Mann-Whitney test), setting significance at p < 0,05. 

For data available in males and females, the Generalized Linear Models were used to assess main effect of 
treatment (6 levels, 5 degree of freedom, df), gender (2 levels, 1df) and their interaction (5 df). Post-hoc 
pairwise Mann-Whitney tests were performed where applicable. 

Quantal data were analyzed by 2-way Fisher Exact Test (p< 0,05) to assess significant difference with respect 
to CTRL groups. The Cochran-Armitage Trend Test was performed to evaluate a dose-response trend 
(p<0,05). An ordinal logistic regression model was applied to assess main effect of treatment (6 levels, 5 
degree of freedom, df), gender (2 levels, 1df) and their interaction (5 df). 

Benchmark Dose Calculations 

After statistical data analysis, it was possible to determine which variable presented a dose-response curve 
with the required requisites to calculate the Benchmark dose (BMD) 
(http://www.epa.gov/sites/production/files/2015-01/documents/benchmark_dose_guidance.pdf). 

Each BMD was calculated using the freely available software provided by EPA (BMDS, Version 2.6.0.1). The 
benchmark response level (BMR) was set to 1 Standard Deviation (SD) change in the mean of continuous 
variables, and to 10% increase in the prevalence of adverse effects for quantal variables. When BMD was 
particularly low and to obtain a better model fit, the higher doses were not included in the analysis 
(http://www.epa.gov/sites/production/files/2015-01/documents/benchmark_dose_guidance.pdf). 

The use of the BMDS Wizard tool within the software, allowed to perform simultaneous analyses on all the 14 
possible model fits. On the basis of the output file, the best fit was chosen according to the following criteria: p-
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value Test4 > 0.1 (the model adequately describes the data); lowest scaled residuals (in any case < 2 in 
absolute value as deviation of the predicted responses from the actual data); lowest AIC (Akaike Information 
Criterion) value derived by a Likelihood ratio tests; lowest BMDL, that is the confidence limits for the 
determined BMD. 

 

2.4 Results 

A full analysis of data has been performed for the endpoints presented in the present version of the 
Deliverable. Only results which showed statistically significant differences with the control group have been 
reported. Brief description of negative data has been provided if considered relevant. 
The data elaboration and analysis of the other endpoints as in paragraph 2.3 are in progress (see chapter 3). 
 
Characterization of NM-203 dispersion 

 
NM-203, a pyrogenic SAS NM, has been characterized within the NANOGENOTOX project and the results 
and physico-chemical properties have been published in the EC JRC, IHCP scientific report. The 
characterization work performed in this task compared the dispersion quality obtained with a protocol 
developed for the purpose of the present 90-day oral toxicity study, with the NANOGENOTOX dispersion 
protocol taken as reference protocol. 
 
NM-203 batch dispersions were prepared on a daily basis at 5 mg/ml based on (i) the highest dose being 50 
mg/kg bw and (ii) the maximum volume administered orally to rats being 1 ml/100g bw. Milli-Q water (0.1 μm-
filtered) was chosen as test medium in order to simplify daily preparation of the dispersion. A Bandelin 
Sonopuls Ultrasonic Homogenizer HD3200 series equipped with a SH 213 G booster horn and a sterile KE 76 
tapered tip was used for sonication (20 minutes at 40% amplitude). Possible residues released from the probe 
were left to deposit on the bottom before subsampling either for analysis or for in vivo administration. 
 
Dispersions were screened by asymmetric flow field flow fractionation (AF4) coupled on-line with UV and 
Multi-Angle Light Scattering (MALS). A reference material, ERM FD-100 colloidal silica in water (IRMM), was 
employed as quality control in each analytical batch. 
 
 
Analytical results showed that quality of the dispersion obtained with the protocol developed for the present 
study was similar to that of the reference protocol, notwithstanding the concentration was nearly doubled. The 
suspensions for the doses 20, 10, 5, and 2 mg/kg bw were prepared by dilution from the 50 mg/ml suspension. 

 

Table 1 – Characterization of NM-203 dispersions obtained with two protocols 

NM-203 Dispersion Minimum (nm)* Maximum (nm)* Mode (nm)* Rz** 

5 mg/ml, water 53.9 195.9 

 

124.2 ~ 22 min 

159.0 ~ 25 min 

 

126.1 

2.56 mg/ml, 0.05% w/v 
BSA 63.5 201.5 

80.0~ 22 min 

121.7~ 25 min 

 

133.8 

* radius of gyration 

**averaged radius of whole fractions.  

General toxicity 

No effects have been recorded concerning general toxicity in both male and female rats during the treatment 
period. Male body weight gain was significantly reduced at 20 mg/kg bw per day at sacrifice. 

Organ weight 
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Males: Absolute and relative liver weight was significantly decrease at 10 mg/kg bw per day, absolute also at 
50 mg/kg bw per day. 

Lung, adrenal and kidney relative weights were significantly increased at 10 mg/kg bw per day. 

Absolute epididymis weight was significantly decreased at 5 mg/kg bw per day. 

Females: Absolute uterus weight was significantly increased at 10 mg/kg bw per day. 

Biomarkers 

GOT-AST and GPT-ALT did not show any statistically significant differences among groups both in male and 
female rats. 

Creatinine was significantly decreased in males at 10, 20 and 50 mg/kg bw per day. The BUN/creatinine ratio 
was significantly increased at 50 mg/kg bw per day. 

In females, creatinine levels were significantly different from control group at all dose levels. The 
BUN/creatinine ratio was significantly altered at 2, 10, 20 and 50 mg/kg bw per day. 

Estrogen (E2) serum levels were significantly increased in males at  10 mg/kg bw per day, in females at 2 
mg/kg bw per day. Testosterone (T) serum levels were decreased in males at 10 mg/kg bw per day and in 
females at 20 mg/kg bw per day. 

Triiodothyronine (T3) serum levels were unaffected by the treatment in both male and females rats. Thyroid-
stimulating hormone (TSH) level measurement are still in progress. 

 

Si biodistribution in target tissues 

Male rats 

CTRL 
2 mg/kg 
bw 

5 mg/kg 
bw 

10 mg/kg 
bw 

20 mg/kg 
bw 

50 
mg/kg 
bw 

  n 3 5 5 5 4 5 

Spleen 
MEAN 1,4 1,4 1,6 1,4 1,8 3,1*  

std dev 0,2 0,3 0,3 0,4 0,2 2,6 

Liver 
MEAN 1,2 1,1 1,1 1,5 0,6* 2,9 
std dev 0,2 0,5 0,2 0,6 0,1 4,2 

Brain 
MEAN 0,1 0,4 0,2 0,4 0,3 0,5 
std dev 0,0 0,6 0,1 0,4 0,3 0,4 

Small 
Intestine 

MEAN 1,3 2,1 1,3 1,0 2,6 4,2 
std dev 0,4 2,2 1,1 0,6 1,9 2,7 

 

Female rats 

CTRL 
2 mg/kg 
bw 

5 mg/kg 
bw 

10 mg/kg 
bw 

20 mg/kg 
bw 

50 
mg/kg 
bw 

  n 3 5 4 5 3 4 

Spleen 
MEAN 1,6 1,8 1,7 2,3 2,7 2,9* 
std dev 0,2 0,4 0,2 0,6 1,2 1,1 

Liver 
MEAN 1,1 2,6* 3,2 0,6 2,8 1,5 
std dev 0,3 0,7 1,6 0,3 1,2 1,1 

Brain 
MEAN 0,1 0,1 0,1 0,1 0,4 0,4 
std dev 0,0 0,0 0,0 0,0 0,5 0,3 

Small MEAN 1,3 2,0 1,9 0,6 2,0 8,3 
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Intestine std dev 0,3 1,8 0,6 0,5 1,7 7,5 
 

 

            
Limit of detection/quantification (mgSi/kg)   
            
  LOD LOQ       
liver 0,2 0,8       
spleen 0,2 0,8       
small int 0,2 0,8       
brain 0,2 0,8       
            
Internal quality control (mgSi/kg)     

  
Measured value 

(n=6) Reference value 
  

  mean std dev mean std dev   
QC-ISS 20,2 1,3 20,4 1,9   
            
            
Dosage of total Si in animal feed (n=3) expressed as 
mgSi/kg 
  mean std dev       
Feed 
Sample 449,5 9,3       
            

 

Reproductive Toxicity: showed no differences among groups. 

 

Sperm count and motility are decreased at 20 mg/kg bw per day  

 
 

Histopathological analysis 
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Liver qualitative histological analysis showed in males: increased hepatocyte vacuolization/steatosis at 50 
mg/kg bw per day, Intralobular lymphoid infiltration at 2 and 10 mg/kg bw per day, enlarged sinusoids at 10, 20 
and 50 mg/kg bw per day, congestion of sinusoids at 2, 20 and 50 mg/kg bw per day, focal intralobular 
necrosis in the middle zone of liver lobule at 10 mg/kg bw per day. In females, intralobular  lymphoid infiltration 
and enlarged sinusoids were increased at 2, 10, 20, 50 mg/kg bw per day, congestion of sinusoids was 
increased at 5 and 10 mg/kg bw per day, focal intralobular necrosis at 20 mg/kg bw per day. 

Histomorphometrical analysis 
 
Spleen with pulp was unaffected by the treatment in both sexes. 
Spleen red pulp was significantly decreased in females at 5, 10 and 50 mg/kg bw per day. 
 
 

 
Spleen white to red pulp area ratio was significantly increased in females at 5 mg/kg bw per day. 

Histomorphometrical analysis of thyroid, kidney and adrenal did not show any significant alteration in both 
sexes in all the treated group in comparison to controls.  

 

Immunotoxicity endpoints 

Blood count showed decreased withe blood cells and lymphocytes in males at 5, 10, 20 and 50 mg/kg bw per 
day in comparison to controls, in females at 10 mg/kg bw per day. Granulocytes were decreased in males at 5, 
20 mg/kg bw per day and in females at 10 mg/kg bw per day. Red blood cells and platelets were increased in 
females at 10, 20 mg/kg bw per day.  
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LPS-induced NO production was significantly increased in males at 5 mg/kg bw per day. 
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PHA-induced lymphocyte proliferation after 72 hours in mesentheric lymph nodes was decreased in males in 
all treatment groups, in spleen in females only at 50 mg/kg bw per day. 
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Interleukin-6 (IL-6) serum levels were decreased in females at 50 mg/kg bw per day. In peritoneal resident 
macrophages, IL-10 and IL-6 production was decreased in females 50 mg/kg bw per day, IL-10 also at 10 
mg/kg bw per day. LPS-induced IL-10 and IL-6 production was decreased in males at 10 mg/kg bw per day.  

 

Genotoxicity endpoints 

Comet assay in liver showed increased presence of DNA damage in females at 20 mg/kg bw per day. 

 
 

 

In spleen, increased presence of DNA damage was present in males at 10, 20 and 50 mg/kg bw per day. 

 
In blood at sacrifice (after 90-day treatment), DNA damage was increased in males at 5 and 10 mg/kg bw per 
day, in females at 2 mg/kg bw per day. 
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2.5 Evaluation and conclusions 

The administration of SAS NM-203 via oral gavage in rats at the following dose levels – 2, 5 10, 20 and 50 
mg/kg bw per day – caused no signs of overt toxicity in both sexes, at any dose levels during the treatment 
period. For all the endpoints evaluated up to now, it is evident the difficulty of defining a clear dose-response 
relationship. Male rats showed a wider spectrum of toxic effects in comparison to female rats. 

In this respect, no NOAEL can be derived. The BMD of 0.468 mg/kg bw per day for decreased lymphocytes in 
blood count in male rats and for female rats the BMD of 0,079 mg/kg bw per day for intralobular lymphoid 
infiltration in liver are suggested for deriving a Reference Point. 

Considering the shape of the curve for several endpoints, different mode of actions can be hypothesised 
taking into account the dose levels. 

After comparing the strengths and weaknesses of the BMD and NOAEL approaches for deriving Reference 
Points for risk assessment, the EFSA Scientific Committee concludes that the BMD approach is a scientifically 
more advanced method to the NOAEL approach for deriving a Reference Point, since it makes extended use 
of available dose-response data and it provides a quantification of the uncertainties in the dose-response data. 
Using the BMD approach also results in a more consistent Reference Point, as a consequence of the specified 
benchmark response. The BMD approach is of particular value for situations where the identification of a 
NOAEL is uncertain (The EFSA Journal (2009) 1150, 1-72). 

 

2.6 Data management 

The templates for ISA-TAB have been delivered in the report of the Task. 

3 Deviations from the work plan 
The Deliverable 4.11 has been planned for September 2015. Due to the huge amount of data generated by 
the experiment, a six-month delay has been approved by NANoREG MC. 

The analysis of some endpoints is still in progress. Qualitative histopathological analysis of: spleen, lungs, 
thyroid, GI tract, brain, adrenals, heart, kidneys, mesentheric lymph nodes. 

Biodistribution in target tissues has to be completed with the determination of nanosilica in liver. 
Thyroid stimulating hormone has to be measured in serum samples.  
These last endpoints will be delivered in the draft final report expected for the next May 2016. 
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