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Chapter 11
Case Study III: The Construction 
of a Nanotoxicity Database –  
The MOD-ENP-TOX Experience

Hanne Vriens, Dominik Mertens, Renaud Regret, Pinpin Lin,  
Jean-Pierre Locquet, and Peter Hoet

Abstract  The amount of experimental studies on the toxicity of nanomaterials is 
growing fast. Interpretation and comparison of these studies is a complex issue due 
to the high amount of variables possibly determining the toxicity of nanomaterials.

Qualitative databases providing a structured combination, integration and quality 
evaluation of the existing data could reveal insights that cannot be seen from differ-
ent studies alone. A few database initiatives are under development but in practice 
very little data is publicly available and collaboration between physicists, 
toxicologists, computer scientists and modellers is needed to further develop data-
bases, standards and analysis tools.

In this case study the process of building a database on the in vitro toxicity of 
amorphous silica nanoparticles (NPs) is described in detail. Experimental data were 
systematically collected from peer reviewed papers, manually curated and stored in 
a standardised format. The result is a database in ISA-Tab-Nano including 68 peer 
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reviewed papers on the toxicity of 148 amorphous silica NPs. Both the physico-
chemical characterization of the particles and their biological effect (described in 
230 in vitro assays) were stored in the database. A scoring system was elaborated in 
order to evaluate the reliability of the stored data.

Keywords  Amorphous silica nanoparticles • ISA-Tab-Nano • Data reliability • In 
vitro • Nano-informatics

11.1  �Introduction

Nanotechnology results in the presence of a variety of different engineered NPs (NPs) 
in our environment. Due to their small size NPs behave differently from their larger 
counterparts of the same composition. Therefore adjusted safety assessment (hazard 
identification, hazard characterisation and exposure assessment) is needed. The last 
10 years hazard identification and characterisation has mainly focused on finding the 
physicochemical properties of NPs that determine their interaction with biological 
systems and the underlying pathways causing these interactions, resulting in a large 
number of experimental data published. Drawing conclusions from these data is how-
ever difficult because of the large amount of variables possibly determining the toxic-
ity outcome. Variables are associated with the nanomaterial itself and the exposure 
conditions, the biological test system (in vitro/in vivo) and the toxicological assay.

A structured combination and integration of the existing data could reveal vari-
ables which are important determinants of NPs toxicity and can eventually lead to 
predictive models and QSARs for nanotoxicity. Database initiatives relevant for 
nanotoxicology are under development: CaNanoLab [1], the Nanomaterial Registry 
[2], the NP Information Library [3] and the Nanomaterial-Biological Interactions 
Knowledge Base [4]. In practice very few data is publicly available and collabora-
tion between physicists, toxicologists, computer scientists and modellers is needed 
to further develop databases, standards and analysis tools.

This case-study describes the construction of a database on the in vitro toxicity 
of amorphous silica NPs (including particles with a silica shell). A search of PubMed 
was performed to collect 68 peer-reviewed papers which were manually curated. 
Both the physicochemical characteristics of the NPs and their interaction with cel-
lular systems were stored in an ISA-Tab-Nano compatible format. To assess the 
reliability of the stored data a scoring system was elaborated: variables associated 
with the nanomaterials, toxicity assay and biological system were scored to assess 
the reliability of the data.

First the process of data collection (including criteria and literature search) 
(11.2.1), data storage (11.2.2) and data evaluation (11.2.3) is described in order to 
build a qualitative database. In paragraph 5 the database itself is described: the arti-
cles, in vitro assays and NPs. And some results of the reliability scoring system are 
presented. In paragraph 6 several issues that came up during the construction of the 
database and some future suggestions to overcome these issues are discussed.
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This project is a subproject of the “Modelling Assays Platform “MAP” for haz-
ard ranking of engineered metal-based NPs (MOD-ENP-TOX) ” project of the 
Seventh Framework Program (FP7) funded by the European Union.

11.2  �Construction of the Database

11.2.1  �Data Collection

11.2.1.1  �Including Criteria

Data were collected from peer-reviewed papers which investigate the in vitro tox-
icity of amorphous silica NPs. This type of nanomaterial is well studied; a pre-
liminary search gave more than 600 hits. And experiments have shown that 
different silica NPs, although it is one chemical identity, can give different bio-
logical effects [5].

Selected papers:

	1.	 study the toxicity of amorphous silica particles with a defined shape (aspect ratio 
<3), composition (all silica or a silica shell), crystallinity (amorphous) and pri-
mary size;

	2.	 study the effect of the particles on cell lines or primary cells (experimental 
in vitro studies),

	3.	 and include information on cell viability, apoptosis/necrosis, genotoxicity, oxi-
dative stress and pro-inflammation.

The dose of NPs effectively reaching the cells depends on the exposure route/
method (dry state, suspension or aerosol). In order to avoid dose-response curves 
which are difficult to compare, we only included experimental studies that adminis-
ter particles to the cell in suspension.

11.2.1.2  �Literature Search

A sensitive search strategy, to retrieve as many relevant papers as possible, was 
performed using PubMed. Searching “amorphous silica OR silica NPs AND toxic-
ity NOT review” with a filter of 10 years and full text availability gave 624 hits (13th 
of May 2014).

Secondly the 624 papers were sorted by relevance. The relevance sort option 
is based on an algorithm that analyses each PubMed citation that includes the 
search terms. A “weight” is calculated for citations depending on how many 
search terms are found and in which fields they are found. In addition, recently-
published articles are given a somewhat higher weight for sorting [6]. Only the 
titles of the 450 most relevant papers were further screened for retrieval (cfr. 
including criteria 11.2.1.1). The 117 retrieved articles underwent a second 
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evaluation for which the including criteria were applied to the full article. 
Another 47 papers were excluded because they studied a different population 
(ecotoxicity study (n = 1), in  vivo study (n = 5)), different intervention (used 
functionalised silica particles (n = 13), badly characterised particles (n = 15), 
crystalline particles (n = 1), microscale particles (n = 3), particles in dry state 
(n = 1)) and/or a different outcome (n = 6). Also one paper written in Chinese and 
three papers with no information on the statistics were excluded. Eventually 68 
papers were retrieved for the construction of the database.

The selection procedure is depicted in Fig. 11.1.

11.2.2  �Data Storage

Data are stored in ISA-Tab-Nano; an emerging standard format for sharing nanoma-
terial research data. The format supports the use of ontology terms to promote stan-
dardized descriptions, and facilitate search and integration of data. Four types of 
files are provided to store different types of data:

	1.	 The investigation file contains descriptive information (principle investigators, 
sponsor, link to full text paper,…) which lays the foundation for the other ISA-
Tab-Nano files and links them together.

	2.	 The material file describes the materials used; nanomaterials but also other mate-
rials such as positive controls.

624 potentially
relevant papers

identified

450 most relevant
papers: titles screened

for retrieval

117 retrieved papers:
full paper screened for

retrieval

68 papers retrieved for
the construction of the

database

174 papers excluded 

333 papers excluded because the titles describe a different
population, intervention and/or outcome then stated in our
including criteria

49 papers excluded because they studied a different
population (ecotoxicity study (n=1), in vivo study (n=5))
intervention (functionalised silica particles (n=13), badly
characterised particles (n=15), crystalline particles (n=1), only
microscale particles (n=3), particles administered in dry state
(n=1)) and/or outcome (n=6). Also 1 paper written in Chinese
and 3 papers with no information on statistics were excluded.

Fig. 11.1  Selection procedure for peer reviewed papers included in the database
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	3.	 The study file describes how samples (material and biological samples) are pre-
pared for analysis (physicochemical, in vitro and in vivo characterisation).

	4.	 The assay file is designed to store the measured endpoints of the physicochemi-
cal, in vitro or in vivo characterisation of the nanomaterials [7].

Figure 11.2 depicts how the ISA-Tab-Nano files are linked to each other.
ISA-Tab-Nano recommends using the material file only to store the nominal char-

acteristics and chemical composition of the NPs. The experimentally measured physi-
cochemical characteristics are stored in the assay files. We chose to store all the 
physicochemical characteristics in the material file to make analysis and data integra-
tion more convenient afterwards in perspective of the MOD-ENP-TOX project.

The different fieldnames used in the material, investigation, assay and study file 
can be found in Table 11.1. The data of each article is stored in a set of these four 
types of files.

11.2.3  �Data Reliability Evaluation

Klimisch et al. define the reliability of data as an evaluation of the inherent quality 
of a test report or publication relating to preferably standardized methodology and 
the way the experimental procedure and results are described to give evidence of the 
clarity and plausibility of the findings [8].

Investigation file

Material file

Study file
in vitro

Study file in
vivo

Study file
phys-chem

Assay file

Assay file

Assay file

Assay file

Assay file

Assay file

Assay file

Assay file

Assay file

Fig. 11.2  Linkage of the different ISA-Tab-Nano files

11  Case Study III: The Construction of a Nanotoxicity Database



330

General guidelines on reliability assessment of toxicological data are described 
in literature. The following is a selected overview of the existing schemes relevant 
for the data reliability assessment within the MOD-ENP-TOX project. Both general 
schemes designed for the reliability assessment of chemicals and more specific 
schemes for nanomaterials are discussed (11.2.3.1). Afterwards a scheme is pro-
posed to assess the reliability of the data in our database (11.2.3.2).

Table 11.1  Overview of the fieldnames used in the four ISA-Tab-Nano files used to describe data 
from one paper

INVESTIGATION FILE: pubmed ID, DOI, title and authors of publication
MATERIAL FILE: material source name, material description, material synthesis, material 
manufacturer
 � Primary size: diameter, min feret diameter, max feret diameter assay name
 � Shape: shape, aspect ratio, assay name
 � Crystallinity: major crystalline fraction, major crystalline fraction proportion, minor 

crystalline fraction, minor crystalline fraction proportion, amorphous fraction proportion, 
assay name

 � Composition: composition core, composition shell, composition coating, assay name
 � Purity: purity core/shell, assay name
 � Surface area: specific surface area, external surface area, assay name
 � Porosity: porosity, pore volume, pore size, assay name
 � Surface charge: zeta-potential in water/saline/saline with serum/medium/ medium with serum, 

assay name
 � Agglomeration/aggregation: hydrodynamic diameter in water/saline/saline with serum/

medium/ medium with serum, assay name
 � Solubility: solubility in water, assay name
STUDY FILE (physicochemical characterisation):
STUDY FILE (in vitro assays): source name, material type, cell species, cell organ, cell type, 
NP sample, particle concentration, exposure route/medium/duration, serum concentration 
exposure medium, hydrodynamic diameter exposure medium
 � ASSAY FILE (viability): viability relative to ctrl, LDH medium, cytotoxicity, ATP level, cell 

death, number of cells
 � ASSAY FILE (genotoxicity): tail DNA, tail DNA (treatment-control), micronucleated cells, 

cytokinesis block proliferation index
 � ASSAY FILE (pro-inflammation): (mRNA) IL-6, (mRNA) IL-8, (mRNA) TNF-α, (mRNA) 

IL1-β, (mRNA) COX-2, (mRNA) MMP-9, (mRNA) MIP-1 alpha/beta, F3, ICAM1, VCAM1, 
SELE, NRF-2,cytc, MCP-1, iNOS

 � ASSAY FILE (oxidative stress): dichlorofluorescin, hydroethidium, hydroxyphenyl 
fluorescein, glutathione, oxidized/reduced, glutathione, malondialdehyde, hydroxyl-alkenals, 
HO-1, superoxide dismutase, superoxide dismutase activity, hydrogen peroxide

 � ASSAY FILE (apoptosis/necrosis): live cells, early apoptotic rate, late apoptotic and necrotic 
rate, total apoptotic and necrotic rate, caspase-3/9, caspase-3/7/9 activity, bax, bcl-2, p53, p21, 
cell morphology changes, SubG1/G1/S/G2 phase

STUDY FILE (in vivo assays):

H. Vriens et al.
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11.2.3.1  �Schemes for Assessment of the Reliability of Toxicological Data

Klimisch et  al. published a categorisation scheme to assign toxicological data of 
chemicals to one of four reliability categories: reliable without restrictions, reliable 
with restrictions, not reliable or not assignable. Distinction between these reliability 
categories are based on the amount of information provided on the testing procedure 
and analysis. Tests conducted and reported in accordance to international standards 
have the highest grade of reliability [8]. Unfortunately, the differentiation between 
reliability classes is not always clear. To make the decision process of assigning reli-
ability categories more transparent and harmonised the ‘ToxRTool’ (Toxicological 
data Reliability Assessment Tool – [9]) was developed. The tool provides a detailed 
list of yes-no questions about the identification of the test substance, characterization 
of the biological system, description of the study design, documentation of the study 
results and the plausibility of the study design and data [10]. The answers to the yes-
no questions are used to attribute the data to one of the Klimisch categories.

The evaluation criteria for toxicity need to be reconsidered for toxicological data 
of nanomaterials, taking into account the following complications:

	1.	 The toxicity of nanomaterials not only depends on the dose and the composition 
but also on the size, shape, specific surface area, surface coating, porosity, sur-
face charge and the solubility of the nanomaterials [2, 11].

	2.	 No international standardized test procedures exist for both the physicochemical 
characterisation of the nanomaterials and their toxicity assessment. The OECD 
initiated a large programme on the safety of manufactured nanomaterials which 
will result in a set of guidelines supporting standardization [12]. Guidelines 
already published are: ‘Report of the OECD expert meeting on the physical 
chemical properties of manufactured nanomaterials and test guidelines’, 
‘Guidance on Sample Preparation and Dosimetry for the Safety Testing of 
Manufactured Nanomaterials’,…

	3.	 Nanomaterials can interfere with toxicity assays resulting in false positive and 
false negative results [13, 14].

The Nanomaterial Registry provides a metric, the compliance level (CL), of the 
quality and quantity of characterization for each nanomaterial entry. In order to be 
compliant a nanomaterial characterization should include: the synthesis method or 
processing details, the DOI citation of the synthesis procedure, the manufacturer or 
synthesis laboratory name, the product name and lot number and the nanomaterial’s 
physical state. For each measurement the following should be reported: the tech-
nique, technique protocols and parameters and the best practice information. 
Compliance levels are only developed for data associated with the nanomaterial, not 
for the data on the interactions with biological systems [2].

Lubinski et al. published a scheme to assess the quality of nanotoxicity data in 
the context of developing QSPR’s/QSAR’s. A checklist of yes-no questions supports 

11  Case Study III: The Construction of a Nanotoxicity Database



332

the user to assign data to one of five reliability classes. The checklist comprises 
questions related to the extent to which the nanomaterials were characterised, the 
degree to which the experimental assays and methods were described and the use of 
standardised protocols [15].

11.2.3.2  �Scheme for Reliability Assessment of In Vitro Nanotoxicity Data

We developed a scoring system to assess the reliability of in vitro nanotoxicity 
data extracted from papers. Reliability scoring is based on the amount of informa-
tion available on the different variables influencing in vitro toxicity outcome of 
the nanomaterials (which depends on the way of reporting, amount of detail given) 
and on how this information was obtained (methodology). The variables influenc-
ing in vitro nanotoxicity were recently listed by Krug [16]. He makes a differen-
tiation between variables associated with the nanomaterial, with the toxicity assay 
and the biological system. The following is the list of variables copied from Krug 
and a proposition for a scoring system to assess the reliability of data of in vitro 
nanotoxicity data.

In the end a score will be assigned to each particle, assay and test system to give 
an indication of the reliability of the data.

Variables associated with the nanomaterial:

	A.	 sample purification for the removal of biologically relevant trace elements
	B.	 sample characterization of the raw material: composition and purity size shape 

agglomeration status etc.
	C.	 sample characterization regarding biological impurities: endotoxins etc.
	D.	 dispersion in biological media under relevant conditions: temperature humidity 

gas concentrations (O2, CO2) salinity etc.
	E.	 sample characterization in biological media: size and shape agglomeration sta-

tus protein corona etc.
	F.	 the measurement device used for the characterisation (not listed by Krug)

In Table 11.2 is a concrete list of variables associated with the nanomaterials that 
should be reported because they influence the toxicity outcome. The more variables 
specified in the paper the more reliable the data.

Variables associated with the toxicity assay:

	A.	 selection of the correct test system regarding the biological endpoints
	B.	 different test systems for the same biological endpoint
	C.	 controls: adapted negative controls adapted positive controls comparison to ref-

erence materials
	D.	 testing of possible interferences of the NP with the biological test system bind-

ing of indicator molecules light absorption or fluorescence of the materials etc.
	E.	 not considered measurement uncertainty: round robins, calibration with stan-

dards or reference material
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The following table (Table 11.3) is a concrete list of variables associated with the 
toxicity assay that should be reported because they influence the toxicity outcome.

Variables associated with the biological system:

	A.	 selection of the biological system
	B.	 cell lines: selection criteria identification age and storage number of passages 

etc.
	C.	 primary cells/organ systems: donor dependency donor variability culture 

conditions
	D.	 culture conditions during the experiments: temperature humidity gas concentra-

tions (O2, CO2) salinity etc.
	E.	 biological parameter: cell density volume of the medium serum content of the 

medium compatibility of the solvent or dispersion medium

Table 11.2  Scoring scheme variables associated with the nanomaterial

Variables

Information available
Make a choice:
yes=1/no=0

Information available
Make a choice: yes=1/
no=0

Composition core/shell 1 or 0 1 or 0

Composition coating 1 or 0 1 or 0

Purity (metal basis) 1 or 0 1 or 0

Purity (endotoxin) 1 or 0 1 or 0

Material synthesis 1 or 0 1 or 0

Primary size 1 or 0 1 or 0

Primary size distribution 1 or 0 1 or 0

Porosity 1 or 0 1 or 0

Surface area 1 or 0 1 or 0

Agglomeration/Aggregation in water 1 or 0 1 or 0

Surface charge in water 1 or 0 1 or 0

Solubility in water 1 or 0 1 or 0

Crystallinity 1 or 0 1 or 0

Shape 1 or 0 1 or 0

Sum Score characterisation Score measurement device

Table 11.3  Scoring scheme variables associated with the toxicity assay

Variables
Information available
Make a choice: yes=1/no=0

Choice of correct assay regarding the toxicological endpoint 1 or 0

Interference of material with assay 1 or 0

Negative control 1 or 0

Positive control 1 or 0

Used different test systems for same biological endpoint 1 or 0

Sum Score toxicity assay
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The following scoring system (Table 11.4) was elaborated for each biological 
system:

11.3  �Description of the Database

11.3.1  �The Articles

The 68 articles used to construct the database were from 35 different journals. The 
most represented journals were “Nanotoxicology” (9 papers), “Toxicology in vitro” 
(6 papers) “Tox Letters” (4 papers), and “Tox Sciences” (4 papers). Other high 
ranked journals e.g. “Particle & Fibre Toxicology” had a surprisingly low success 
rate (2 papers). This can be due to the fact that these higher ranked journals are less 
tolerant to publish studies with insufficient physicochemical data on the NPs or 
have a broader scope.

11.3.2  �The In Vitro Assays

Articles are stored in ISA-Tab-Nano describing 148 different silica NPs (or NPs 
with a silica shell) and their biological impact in 230 different in  vitro assays. 
Fourty three percent of the assays investigated viability, 16 percent apoptosis/
necrosis, 26 percent oxidative stress, 10 percent pro-inflammation and 6 per cent 
genotoxicity (Fig. 11.3).

The different types of assays per type of toxicological endpoint represented in 
the database are listed in Table 11.5:

Table 11.4  Scoring scheme variables associated with the biological system

Variables
Information available
Make a choice: yes=1/no=0

Selection of the appropriate test system 1 or 0

Origin of the cells 1 or 0

Passage of cells 1 or 0

Cell density 1 or 0

Primary cells, cell lines or cancer cells 1 or 0

Dispersion method of nanomaterials 1 or 0

Test medium 1 or 0

Amount of serum test medium 1 or 0

Agglomeration/Aggregation in exposure medium 1 or 0

Sum Score biological system

H. Vriens et al.
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11.3.3  �The Particles

One hundred and fourty eight particles are stored in the database. The characteris-
tics stored in the database are believed to be important determinants of nanotoxicity: 
chemical composition, primary size, primary size distribution, shape, crystallinity, 
solubility, surface charge, surface area, and agglomeration/aggregation. Table 11.6 
gives an overview of these characteristics, how these were measured and the fre-
quency of these measurements in the database. As a preposition for an article to be 
accepted for storage in the database was the characterisation of the primary size, 
shape, composition and crystallinity all the 148 particles have these characteristics 
measured (relative frequency is 1).

Few simplifications were made to make that data more homogenous and 
comparable:

	1.	 diameter ranges were converted to a mean diameter by taking the arrhythmic 
mean of the upper and lower limit of the range

	2.	 for NPs with a bimodal size distribution only the smallest mean diameter was 
taken into account for analysis

	3.	 for ellipsoidal/cylindrical particles the average of the Feret min diameter and 
Feret max diameter is used as the mean diameter

Viability
43 %

Apoptosis/necrosis
16 %

Oxidative stress
26 %

Pro-inflammation
10 %

Genotoxicity
5 %

Fig. 11.3  Distribution of 
the 230 in vitro assays over 
the toxicity endpoints
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Table 11.5  Different types of assays per toxicological endpoint included in the database

Cell viability

Lactate dehydrogenase release assay
Trypan blue cell staining
MTT/MTS/XTT/WST-1/WST-8 reduction assay
Propidium iodide uptake assay
Neutral red uptake assay
Annexin V-propidium iodide assay

Resazurin reduction assay
ATP single parameter assay
Cell proliferation assay
Clonogenic assay
Sulforhodamine B assay

Apoptosis/Necrosis

qRT-PCR
Western blot
Annexin V- propidium iodide assay
Annexin V assay

ELISA
Cell morphology assay
Caspase activity assay
Mitotic cell cycle arrest assay

Oxidative stress

ROS/RNS assay
Thiobarbituric acid assay
Glutathione assay
Hydroxyl radical assay

SOD activity assay
Western blot
qRT-PCR

Pro-inflammation

ELISA qRT-PCR
Genotoxicity

Micronucleus assay Comet assay

Table 11.6  Frequency table of the physicochemical characterisation particles

Characteristic Measurement Freq.
Relative 
freq.*100

Chemical composition Composition core 148 100
Composition shell 148 100
Composition coating 148 100
Purity 24 16
Material synthesis 97 66

Primary size Mean diameter 148 100
SD diameter 85 57

Shape Shape 148 100
Crystallinity Major crystalline fraction 148 100

Major crystalline fraction 
proportion

148 100

Minor crystalline fraction 148 100
Minor crystalline fraction 
proportion

148 100

Amorphous fraction proportion 148 100
Surface area Mean specific surface area 75 51

SD specific surface area 10 8
Mean external surface area 23 16

(continued)

H. Vriens et al.
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Table 11.6  (continued)

Characteristic Measurement Freq.
Relative 
freq.*100

Porosity Porosity (porous/nonporous) 68 46
Pore volume 8 5
Pore size 21 14

Surface charge Mean zeta-potential in water 52 35
SD zeta-potential in water 22 15
Mean zeta-potential in 
physiological saline

6 4

SD zeta-potential in physiological 
saline

1 1

Mean zeta-potential in medium 32 22
SD zeta-potential in medium 6 4
Mean zeta-potential in medium 
with serum

17 11

SD zeta-potential in medium with 
serum

7 5

Agglomeration/aggregation Mean hydrodynamic diameter in 
water

66 45

SD hydrodynamic diameter in 
water

35 24

Mean hydrodynamic diameter in 
physiological saline

8 5

SD hydrodynamic diameter in 
physiological saline

4 3

Mean hydrodynamic diameter in 
medium

62 42

SD hydrodynamic diameter in 
medium

25 17

Mean hydrodynamic diameter in 
medium with serum

37 25

SD hydrodynamic diameter in 
medium with serum

21 14

Solubility Solubility in water 1 1

11.3.3.1  �Chemical Composition

All particles are made of amorphous silica or have an amorphous silica shell. The 
core of 15 particles is not pure silica but contains Fe3O4 (2), Fe3O4/Fe2O3 (2), 
dansylamide (1), rhodamine (7) or redF (3). Only eight particles have a coating: 
BSA (6), ethylene (1) and Al2O3 (1).

Of the 24 particles that were described in purity; 18 particles were said to have 
purity higher than 98 % or higher, the others were just mentioned to be pure.
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The material synthesis is important for the composition of nanomaterials, espe-
cially the surface chemistry of the silica particles. The density of silanol groups on 
the particle surface depends on the temperature. At high temperature which is for 
example needed to make pyrogenic silica there is a dehydration of the silanol groups 
on the surface area resulting in a lower density of silanol groups on the surface and 
a possibly different reaction with the environment [17].

For 97 of the particles the way they were synthesised was specified in the article 
(Fig. 11.4): 36 % of these particles were made by the Stöber process, 16 % were 
ludox® silica, 16 % made by the reverse microemulsion process, 14 % is pyrogenic 
silica, 7 % precipitated.

11.3.3.2  �Primary Size

The frequency distribution of the mean diameter of the particles is depicted in Fig. 
11.5. For only 57 % of the particles a standard deviation is reported.

11.3.3.3  �Shape

55.4 percent of the particles are spherical, 35.1 % polyhedral, 0.7 % cylindrical, 
5.4 % irregular and 3.4 ellipsoidal. The particles were described with these terms in 
the article or the T/S EM pictures of the particles were used to assign the particles 
to one of these shape classes.

For the other measured characteristics there were too many missing values, it 
does not seem usefull to report any descriptive statistics on these.

Levasil
1 %

Mesoporous
4 % Precipitated

5 %

Pyrogenic
9 %

Ludox

10 %

Reverse
microemulsion

10 %
Stöber/colloida

l
26 %

Not specified

35 %

Fig. 11.4  Relative 
frequency of synthesis 
method used to make 
amorphous silica NPs
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11.3.4  �Data Evaluation

11.3.4.1  �Evaluation Variables Associated with Nanomaterials

The scoring scheme developed in 11.2.3.2 to evaluate variables associated with nano-
materials was filled out for each amorphous silica NP (Table 11.2). Figure 11.6 is a 
frequency table of the “Score characterisation” of the 148 amorphous silica nanomateri-
als. Articles were allowed in the database under the condition that the composition of 
the core and shell, the composition of the coating, the shape, the crystallinity and the 
primary size of the particles were known. Therefore, no characterisation scores less than 
five were observed. None of the particles has a maximum characterisation score of 14.

The percentage of characteristics for which the measurement device was speci-
fied is calculated for each particle (“Score measurement device”/“Score characteri-
sation”*100 - Fig. 11.7).

The average of this calculation for all the NPs was only 45 % implying that in more 
than 50 % of the reported characteristics the method used was not clearly specified.

11.3.4.2  �Evaluation Variables Associated with the Toxicity Assay and Test 
System

The two scoring schemes developed in to evaluate variables associated with the 
toxicity assay and test system were filled out for the MTT reduction assays (30 
assays). Figure 11.8 are the frequency tables of the “Score toxicity assay” and the 
“Score test system” of the 30 MTT reduction assays included in the database.
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Fig. 11.5  Frequency distribution of the mean diameters of the 148 particles in the database
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11.4  �Discussion

This case study describes the construction of an ISA-Tab-Nano formatted database, 
collecting data of in vitro toxicological studies published in peer reviewed journals. 
In total after triaging the data of 68 articles were included (starting from more than 
600 hits). The characteristics (physicochemical and biological) of 148 different 
amorphous silica NPs are described in the database.
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Several issues and according needs came up during construction of the 
database:

11.4.1  �Purpose Made Materials vs Commercial (Standard/
Benchmark) Materials

Many different particles were identified (although only amorphous silica NPs were 
included) and not much overlap in the use of nanomaterials was found. This is due 
to the fact that several silica NPs were “in house made” (or purpose made) and 
therefore only used in one experiment/study. On one hand this increases the scope 
of the database but on the other also increases the amount of data gaps and reduces 
the amount of overlap in the database hindering to create models generating data 
with high confidence. The use of a benchmark material would significantly increase 
the number of overlapping data points and make comparison between experiments, 
researchers, and particles possible.

11.4.2  �Quality Evaluation of the Existing Data

In search of the critical properties that determine the toxicity of NPs, numerous 
investigations have been undertaken. Despite these efforts our knowledge on the 
possible hazardous effects of nanotechnology and its applications lags far behind 
the progress of nanotechnology. This is, mainly in the early years of nanotoxicol-
ogy, caused by toxicity testing without appropriate material characterization and the 
lack of standardized dispersion and experimental protocols. Researchers 
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underestimated the complexity of nanomaterials and experiments were set-up in 
similar ways as with chemicals. Inadequate characterisation made it impossible to 
link nanomaterials’ characteristics to their biological effect. Likewise, the question 
whether the existing (biological) assays for chemicals were appropriate for nanoma-
terials was not sufficiently addressed. Lately a lot of attention went to the impor-
tance of physicochemical characterisation of nanomaterials. Papers were published 
on minimal information criteria [2, 18]. Still little attention went to the validation of 
the (biological) assays for testing nanomaterials. Now, most researchers are aware 
of the importance of a detailed characterisation of both the nanomaterials and the 
toxicity assays, and the validation of the methods used to characterise them. The 
scientific community has started to fill the data and knowledge gaps.

This awareness has also initiated the search for good and workable quality crite-
ria to assess the reliability of the already published toxicological data. The criteria 
used in our database are not integrated into the final database in ISA-Tab-Nano 
since these are not solely objective data but are the result of unavoidable subjective 
expert judgment. Researcher using the database can easily implement his/her own 
quality judgment to the database before applying it for modelling purposes.

11.4.3  �Standardized Formats

Finally, it can be recommended that all researchers should deliver the data presented 
in a scientific paper as an annex in ISA-Tab-Nano format. Now we have curated 
manually 68 papers, which is a tedious job, prone on reporting errors. The process 
of curation of data from a scientific paper includes extracting data from text (in 
which often not all measured data are given), figures (the small scale does often not 
allow precise extraction of numeral data, and smoothing of curves does not allow 
correct extraction), and tables (providing in general the most detailed data). Not 
only the different sections (text vs tables and figures) deliver different quality of 
data, also the fact that most experiments, although repeated several times (n-value 
of repeated measures) are reported as one mean value (± SD); this data is still valu-
able in a database but it would be better to collect the data per experimental run. 
Therefore, if researchers are encouraged to deliver  – together with a published 
paper/report – a small ISA-TAB Nano compatible database, this would deliver more 
useful details into the database and would reduce significantly the number of 
‘human’ errors.

The current database will be made available to the other researchers within other 
modelling projects and with research institutes such as JRC in Italy. The database 
will be used in the MOD-TOX-ENP project, where algorithm(s) will be developed 
to identify those physicochemical properties determining the hazardous effects of 
NPs.

This study describes the construction of an ISA-Tab-Nano formatted database, 
collecting data of in vitro toxicological studies published in peer reviewed journals. 
The study revealed some issues and future needs:
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•	 Lately a lot of attention went to the importance of physicochemical characterisa-
tion of nanomaterials, to make the link between materials’ characteristics and 
biological effect. This should not result in a loss of quality of the biological 
characterization, including interference verification, of the nanomaterial.

•	 Due to a general lack of good reference/benchmark data in publications it 
remains difficulty in comparing and combining data of different peer reviewed 
papers into a databases.

•	 Standardised database formats will improve the exchange and integration of 
data – here we used ISA-Tab-Nano format.

•	 It can be recommended that all researchers should deliver, as an annex to any 
publication, the data presented in ISA-Tab-Nano format (or another standard 
format).
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