
Abstract: The need for tools to process all the information generated 
in the field of nanotechnology has led to the development of a new 
discipline known as nanoinformatics. In the coming years, it is 
expected to have databases with information, not only on the 
physicochemical properties of nanomaterials, but also with 
information on the potential interactions with environment and 
biological systems, which will enable search for new biomedical 
applications of nanomaterials, without forgetting their toxicological 
aspects. In this review, various standardization resources, ontologies, 
databases, initiatives and partnerships that will help manage the 
information generated on nanomaterials are presented, especially 
those useful in biomedical research and the toxicology of 
nanomaterials. In addition, other complementary web resources are 
described with the aim of facilitating the process of self-learning and 
the development of curriculum contents of nanotechnology in higher 
education centers.

Keywords: Nanomaterials, nanoinformatics, biomedicine, 
toxicology

Resumen: Recursos informáticos útiles en el desarrollo de 
aplicaciones biomédicas de nanomateriales y su evaluación 
toxicológica. La necesidad de herramientas informáticas para 
procesar toda la información generada en el ámbito de la 
nanotecnología ha originado el desarrollo de una nueva disciplina 
conocida como nanoinformática. En los próximos años es esperable 
poder disponer de bases de datos con información, no sólo de las 
propiedades físico-químicas de los nanomateriales, sino también con 
información de sus posibles interacciones con el medio ambiente y 
sistemas biológicos, lo que favorecerá la investigación de nuevas 
aplicaciones biomédicas de los nanomateriales, sin olvidar sus 
aspectos toxicológicos. En este artículo se presentan diversos 
recursos de estandarización, ontologías, bases de datos, iniciativas y 
colaboraciones que ayudan a gestionar la información generada sobre 
nanomateriales, especialmente orientados a favorecer la 
Investigación biomédica y la toxicología de los nanomateriales. 
Además, se presentan otros recursos web complementarios que 
facilitarán el proceso de autoaprendizaje y el desarrollo de contenidos 
curriculares en escuelas superiores y facultades, útiles en la 
formación de esta nueva disciplina, denominada nanotecnología. 

Palabras clave: Nanomateriales, nanoinformática, biomedicina, 
toxicología

Introduction

Informatics has been crucial to the analysis and interpretation of data 

at molecular-, cellular-, tissue- and organ level, as well as for 
individual and population data generated in biomedicine, leading to 
different computing sub-disciplines such as bioinformatics, medical 
imaging, medical informatics and public health informatics [1,2]. 
With the development of nanotechnology, new needs for storing, 
processing and analyzing data have been also emerged, which has led 
to the onset of a scientific-technical sub-discipline termed 
nanoinformatics [3-5].

The nanoinformatics is therefore a multidisciplinary science that 
encompasses from databases that store the information generated on 
nanomaterials to different tools used for in silico simulation of 
nanostructures, which can predict the behavior and performance of 
nanomaterials [4].

As long as nanomaterials have begun to be present in multiple 
medical applications [6, 7], nanotechnology is becoming one of the 
most promising fields of science.

While there are nanomaterials that have been already approved by the 
Food and Drug Administration (FDA) [8] for use in therapy (ie drug 
Abraxane and Doxil [9]), one of the most widespread applications in 
biomedicine focuses on the use of nanomaterials as systems for 
administering drugs. This system allows precise control of the 
delivered doses, thus reducing drug toxicity while assuring a more 
continuous and programmed targeted administration. This is 
especially useful in chemotherapy [10,11], and thanks to these 
properties, some drugs conveyed through nanomaterials are capable 
of crossing the blood brain barrier, facilitating treatments targeting 
the brain [12].

Nanomaterials are also used to coat surfaces, as materials with 
antimicrobial properties [13] or as materials to be implanted in tissue 
repair [14]. As contrast agents in medical imaging, the use of 
nanomaterials provides a more favorable distribution and improved 
contrast in ultrasound and magnetic particle imaging [15].

Applications of nanotechnology in biomedicine continue to grow 
exponentially, and the present research on biosensors for use in the 
diagnosis and monitoring of diseases and the creation of nanodevices 
for help in surgery are particularly relevant [7].

While the use of nanomaterials provides many advantages in 
biomedicine, we must not forget that they are xenobiotics, and 
therefore we cannot ignore the interactions of nanomaterial with the 
biological systems. In fact, predicting and assessing the potential 
adverse effects that nanomaterials can pose on living organisms is one 
of the most complex issues when they are used for new applications 
[16,17].

Nanoinformatics is a discipline that can help this evaluation to be less 
challenging. Therefore, the aim of this publication is to present and * e-mail: victorialopez@isciii.es
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describe initiatives in the field of nanoinformatics useful in the 
organization, collection and standardization of available information 
on nanotechnology, in order to clarify their possible applications in 
the field of research, industry and learning. Also, several simulation 
tools for predicting interactions of nanomaterials with the 
environment and biologic systems are presented, useful to promote 
the search for new applications of nanomaterials in various fields, 
with particular reference to the field of biomedicine.

Standards, taxonomies and ontologies on nanomaterials

In order to proceed to the integration of all available knowledge on 
nanomaterials, one of the most important priorities is to have 
standards, taxonomies and ontologies that provide a common and 
unambiguous vocabulary, enabling information to be shared and 
reused [18].

The availability of specific vocabularies and proper standards in 
nanoscience are key factors to integrate information at different 
levels. So, thanks to this effort in the standardization of the concepts 
and processes in nanoscience, any search on the web will provide 
with more comprehensive and accurate information as well as web 
resources that are based on these standards and/or taxonomies. 

One of the early works in taxonomy is the document “Nanomedicine 
Taxonomy” [19], created by Gordon and Sagman in 2003, with the 
aim of presenting a taxonomy in nanomedicine that could describe 
some of the principal areas of nanotechnology in medicine and health 
care. International organizations promote the development of 
standards of nomenclature, terminology and properties of 
nanomaterials, such as the American National Standards Institute's 
Nanotechnology Standards Panel (ANSI-NSP) [20], the American 
Society for Testing and Materials (ASTM) International 
Nanotechnology [21], the British Standards Institution (BSI) [22], the 
National Institute of Standards and Technology (NIST) 
Nanotechnology Portal [23], the International Organization for 
Standardization (ISO) [24], the European Committee for 
Standardization (CEN) [25], and The Organization for Economic Co-
operation and Development Working Party on Manufactured 
Nanomaterials (OECD WPMN) [26]. All these web resources offer 
useful guidelines and rules for standardization in the terminology 
used in nanoscience, physico-chemical characterization of 
nanoparticles for toxicological studies and even how to develop such 
standardized toxicological studies to evaluate the health impact of 
nanoparticles. Furthermore, the researchers in biomedicine and the 
toxicologists may use such standards in order to use correct 
terminology and proper procedures that will facilitate information 
searches on the web, development of the experimental design, as well 
as improvement of the expression of results and conclusions during 
the manuscript preparation. However, we should point out that these 
web resources provide the material upon request and further 
payment.

While taxonomies, such as “Nanomedicine Taxonomy” [19], 
represent a conceptual framework for analysis, discussion or getting 
information on nanomaterials, there are other resources of 
standardization, such as ontologies that go one step beyond. 

Ontologies not only provide precise information about a concept, but 
also information about related items (see Figure 1).

For this purpose, the working group Cancer Biomedical Informatics 
(caBIG) [27] (now integrated into the new program NCIP), from the 
U.S. National Cancer Institute (NCI) [28], developed the 
“Nanoparticle Ontology” (NPO) [29], which enhances the 

knowledge about the use of nanoparticles for biomedical purposes in 
cancer processes. Thus, this ontology has become a reference point in 
facilitating communication and information exchange between 
different systems and institutions in the field of nanotechnology.

In order to relate physico-chemical properties of nanomaterials with 
functional and toxicological properties, it would be important to 
relate ontologies on nanotechnology with biomedical ontologies, 
such as “Logical Observation Identifiers Names and Codes 
(LOINC)” [30], which provides a universal code system for 
identifying laboratory and clinical observations, the “Medical 
Subject Headings (Mesh)” [31] or “Systematized Nomenclature of 
Medicine – Clinical Terms (SNOMED)” [32] for standardization of 
medical concepts, the “Digital Imaging and Communication in 
Medicine (DICOM)” [33], which provides a standardized guide on 
the submission of images and medical information for clinical use, or 
the “Gene Ontology (GO)” [34] to standardize  genetic data. In this 
field, one of the best initiatives is given by the BioPortal web portal 
[35], which has been created to provide free and easy access to 
different ontologies, thus favoring their integration.

Databases and tools for exchanging information in 
nanotechnology

The databases on nanomaterials provide reliable information on 
physico-chemical properties or 3D structures of nanomaterials such 
as dendrimers, nanotubes, metal particles and quantum dots, very 
important to infer biological interactions and possible toxicological 
effects, which are critical aspects for future development of 
biomedical applications with nanomaterials [6]. As a first approach 
and in order to get specific information on nanoscience, some web 
resources are especially useful at providing scientific and technical 
information. Below, we describe some web resources that we found 
useful in the field of nanomedicine and nanotoxicology.

The National Cancer Institute has been one of the pioneering 
organizations in the development of such databases, such as "Cancer 
Nanotechnology Laboratory Portal (caNanoLab)” [36], developed 
with the aim of sharing knowledge related to nanomaterials and 
promote the use of them in research. The portal caNanoLab allows to 
access protocols useful in biomedicine, information on the 
composition of various nanomaterials and their physico-chemical 
characterization, get results of in vitro assays (cytotoxicity, oxidative 
damage, cellular immune function, etc.) or in vivo (pharmacokinetics 
and toxicology) coming soon, as well as consultation of scientific and 
technical publications. However, there are still limited resources and 
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Figure 1. Representation of a nanoparticle as showed in the 
Nanoparticle Ontology [29]. 
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with the exception of the physico-chemical characterization, the 
remaining aspects are focused on cancer research. 

The “Nanoparticle Information Library” (NIL) [37], developed by 
the National Institute for Occupational Safety and Health (NIOSH), 
organizes information about nanomaterials, including also aspects 
associated with health issues. In the tab "Search", the database allows 
to include some properties of nanoparticles to retrieve technical 
publications related to the search items. The information alternatives 
include publications on the production of nanomaterials, 
composition, size, surface morphology, potential or approved 
applications, trade availability and further links. 

The portal  “Internano” [38] ,  created by the National 
Nanomanufacturing Network (NNN), is another database aimed at 
collecting data related to the production of nanomaterials. Internano 
filters the available information about nanomaterials and presents it 
under two sections, considering interests for the industry or research. 
For the industry, this database provides consequent information on 
applications, devices and metrology that will facilitate the 
development for future commercial applications. On the other hand, 
the tool “library” [39] provides bibliography material, including 
scientific articles, books, videos, monographs and other resources 
useful for researches who want to initiate a bibliography revision.

The initiative “Minimum Information on Nanoparticle 
Characterization” (MINChar) [40] arose from the need for an 
adequate characterization of nanomaterials to share, relate and 
compare results of experimentation, which enhances a uniform 
advance in toxicology risk assessment. Through this website, 
toxicologists can have information about physico-chemical 
nanoparticle characterization for toxicology studies, but also they can 
have scientific reports to gain insight into this initial aspect.  
Interestingly, the European working group in health, safety and 
environment from the technical committee ISO/TC 229 on 
Nanotechnologies published the ISO/TR 13014 in May 2012 [41], 
which focused on the physico-chemical characterization of the 
engineering materials at nanoscale for toxicological evaluation.

One of the most useful databases for the acquisition of information on 
nanomaterials and their impact on human health is “SAFENANO 
Database” [42]. SAFENANO is the Europe's Centre of Excellence on 
Nanotechnology Hazard and Risk, based at the Institute of 
Occupational Medicine (IOM), and therefore it provides useful 
information on bibliography, legislation, standardization, assessment 
guidelines and risk management from the use of nanomaterials in 
work environments. We recommend this data base since the 
information is presented in a logical way and not only physicians and 
professionals in occupational medicine can benefit from it, but also 
toxicologists.  

On the other hand, toxicologists can obtain information about the 
physico-chemical and toxicological properties of nanoparticles using 
interactive webs that provide with a more precise information on 
nanoparticles through selection criteria.

The "Nanomaterials Registry database" [43] includes information 
available in other nanomaterial databases as well as information 
provided by researchers, industry and regulatory agencies, once the 
information is verified. The cited database was created in January 
2012 to provide information on physico-chemical characteristics of 
nanomaterials and their biological and environmental interactions. 
However, to retrieve this information, the database request us options 
to select, such as type of material, size, shape and surface area. As 
states in the web page, this database offers information for 1033 
nanomaterials (Figure 2). Other resources included in this website 
(Nanomaterials Registry) are the "Compliance levels", "Instance of 
Characterization", "Nanomaterial similarity" and "Comparison", 
developed to rate the quality of the characterization process, look into 
the study of the environmental characterization, find similar 
nanomaterials and compare diverse characterizations of 
nanomaterials, respectively. Special mention to the "Minimal 
Information About Nanomaterials" web resource, which describes 
the basic requirements for an adequate characterization of 
nanomaterial and guidelines for the development of biological or 
environmental assays with nanomaterials.
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Figure 2. Nanomaterials Registry Database [43] showing quality standard criteria for data on nanoparticles.

Rev. Toxicol. (2014) 31: 23-30

Informatic resources useful for the development of biomedical applications of nanomaterials and their toxicological evaluation



The portal “Knowledgebase Nanomaterial-Biological Interactions” 
(NBI-KB) [44], presents a database with multiple windows to select 
properties of nanomaterials (material type, shape, charge, 
composition, functionalization, size, etc.) in order to obtain a whole 
collection of available nanomaterials (click on nanomaterial library) 

or a standardized toxicological endpoint (EZ metric) with values 
  ranging from 0 (safe) and 1 (very toxic), when clicking the biological 
interaction database. These resources are very useful when designing 
toxicological experiments or discussion of results (see Figure 3).
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The "Nano-Environmental Health and Safety (EHS) Database 
Analysis Tool" [45] enable us to search for information and 
publications on nanotechnology, using the database of the 
International Council of Nanotechnology (ICON) [46], which is an 
international organization committed to the development and 
communication of information about potential health and 
environmental risks of nanotechnology, in order to encourage 
reduction of risks and maximize benefits. This tool allows you to 
select a variety of criteria (particle type, production method, route, 
mode and risk of exposure, method of study, publications thematic, 
etc.) to obtain comparisons, histograms or trends at a specified time or 
for periods. The organization also provides “GoodNano ICON 
Guide” [47], with information to help manage risks, as well as 
controlling and minimizing exposure to nanomaterials. This guide 
provides a table that defines the potential risk depending on the state 
of the nanomaterial (powder, liquid dispersion, solid matrix or 
polymer matrix) as well as how to estimate and control the potential 

exposure.

Interactive web portals and forums aimed for integration, 
management and dissemination of nanotechnology information

The management of information is fundamental to the achievement 
of the objectives of any organization, since these knowledge 
management systems are able to collect, filter, organize and facilitate 
access to information. Today, the use of Internet and Web 2.0 fosters 
the exchange of information, ideas and knowledge, allowing the 
access to an increased number of digital sources with literature data 
on scientific surveys, or less formal information such as comments 
and discussions contained in many forums, blogs and wikis. 

The Spanish Nanomedicine Platform [48] is an initiative that aims to 
bring together leading Spanish stakeholders, such as industry, 
research and administration, in order to promote a common strategy 
in such a highly multidisciplinary field. This platform promotes and 
facilitates public-private partnerships in research and innovation in 

Figure 3. Visual example of the web "Knowledgebase Nanomaterial-Biological Interactions" [44], showing EZ metric values obtained from a 
specific type of gold nanoparticle (spherical, coated with 2-mercaptoethanesulfonate [MES]).
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nanomedicine in Spain, offering the possibility to become a member. 
While bibliography resources are not daily updated, the strongest bet 
of this platform is the presentation of technological researches and 
services and entrepreneurial initiatives in the field of 
nanotechnology, as well as the latest news related to the 
nanotechnology sector.

In Germany, “DaNa” [49] has been collecting results of German 
projects, scientific publications, reports, and latest news on human 
and environmental toxicology with the aim at integrating them into its 
knowledge base: www.nanoobjects.info, however, the information 
seems not to have been updated since 2011.

Other resources that handle information on nanomaterials available 
on the Internet are presented in Table 1.

Forums are another platform for interactive communication about 
new possibilities of nanomaterials in different scientific areas related 
to biomedicine: health, pharmaceuticals, education, etc. Some 
examples of forums that present pioneering developments on 
nanotechnology applied to medicine are “Nanoforum” [50], 
“NanoNewsBoard” [51], the “Institute of nanotechnology Forum” 
[52] and “NanoHUB Forum” [53].

The Network for Computational Nanotechnology (NCN) [54] has 
created the portal NanoHUB [55], which allows sharing of 
information, educational resources, generate graphs and simulations, 
also facilitating interactive discussion with resource developers. 
NanoHUB hosts over 3000 resources through cloud technology, with 
high potential for development, customization and configuration. 
Under this platform, Internet users participate in the development of 
computer tools in all the areas mentioned above (Figure 4).

Another example of international collaboration to achieve 
developments in nanoinformatics is the “Combinatorial sciences and 
material informatics collaboratory (CosMIC)” [56]. CosMIC is an 
international research project led by the Iowa State University, which 
focuses primarily on the development of computational and 
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Table 1. List and brief description of web resources that collect and 
organize information on nanotechnology

Figure 4. Image of the "nanoHub" interface [55], through which one can have access to a wide variety of computing resources for 
simulation, theoretical calculations and virtual laboratories within several areas (nanomaterials, nanoMEMS, molecular dynamics, 
quantum mechanics, etc.).
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experimental mechanisms for discovery and design of new 
nanomaterials. So, nanoinformatics is part of this project which 
includes also the discovery of new chemical nanoclusters of 
materials, extracting information from high resolution images, etc.

Note also that, like other disciplines, meetings and congresses on 
nanoinformatics are organized on a regular basis with the aim of 
promoting exchange of knowledge in this discipline. In this sense, the 
annual meeting on NanoInformatics [57] is being held since 2010, as 
a reference in the nanoinformatics sector. Mention that in the first of 
these conferences, the document "NanoInformatics RoadMap 2020" 
[58] was prepared, which describes the recommended action lines to 
be taken in the coming years.

Web resources useful in learning/teaching nanotechnology

Nanotechnology is a relatively new discipline, and as such, many 
concepts are new and must be learned correctly. Moreover, as an 
emerging technology with a rich variety of uses and applications, the 
curricula contents of high schools and universities should be updated 
so that students can learn the basics of nanotechnology and apply it in 
their future professional life. In this section some of the web resources 
to promote self-learning are presented as well as useful links for 
teaching activities.

The portal NanoHUB [55] has a tab with executable or downloadable 
resources for use in learning process. In this same tab, the "teaching 
materials" resource enables the retrieval of presentations, exercises 
and teaching materials related to nanotechnology.

In addition, this site provides links to resources in education, such as 
Nanotechnology Center for Learning and Teaching (NCLT), 
TeacherTECH or Multimedia Educational Resources for Learning 
and Online Teaching (MERLOT) [59].

The portal “Nanotechnology Center for Learning and Teaching” 
(NCLT) [60] has been conceived as a platform for students and 
teachers, as well as for practitioners and researchers in the field of 
nanotechnology. This web resource aims to improve knowledge and 
enable learning of this new discipline, by establishing collaborations, 
discussion forums and platforms for the creation of specific 
workshops. Through the specific resource "Materials Work 
Modules", science and technology based knowledge of 
nanomaterials can be integrated into the curricula content. For 
example, in the "Nanotechnology module", students investigate what 
nanoparticles are, or that physic-chemical properties of materials 
depend on their size, charge, etc., so, through different activities 
interactive learning is promoted.

The portal MERLOT [61] provides resources for learning in many 
disciplines, including nanotechnology. Generally, teaching resources 
are presentations, online courses, free textbooks, reference materials, 
etc. on specific topics. To access this material, we must activate the 
search for a concept such as "nanotechnology" and all the available 
educational resources, along with author and date of creation will be 
displayed.

The National Nanotechnology Infrastructure Network, through the 
website "Education and Training" [62], provides resources, programs 
and materials to promote understanding and awareness of 
nanotechnology and its real applications. In the tab "K-12 students", 
students can get learning resources related to nanotechnology. The 
most interesting link of this tab is the "nanotechnology science fair 
project" in which students are encouraged to submit ideas and 
projects related to nanotechnology. Also the teachers may find 
curr iculum mater ia ls  for  each level  through the  l ink 

"Nanotechnology Curriculum Materials", and implement specific 
practices related to nanotechnology and Nanobiology. 
Independently, the tab "K-12 teachers" provides the curricular 
material for teachers to use in their classrooms, as well as links to get 
new teaching materials, such as practical projects, theoretical and 
practical classes, etc.

Another interesting resource is the web “NanoLink” [63], which was 
created in order to provide educational material on nanomaterials for 
use in universities, advanced research and industry, providing 
training for teachers in order to make the most of teaching materials.

The website of the Nanotechnology Education Tree [64] presents 
nanotechnology applications in environmental health, energy, 
electronics and modern life. Also, the UK nanotechnology institute 
website [65] provides useful links for higher education aspects of 
nanotechnology, and a list of the available masters in nanotechnology 
can be found on the website “Nanomasters” [66].

Finally, we would like to emphasize that any web resources indicated 
in previous sections of this article can also serve as the basis for the 
preparation of theoretical and practical classes in high schools and 
Universities, as they provide interactive tools for ontology and 
knowledge of physic-chemical properties and biological interactions 
of nanomaterials.

“EuroNanoMed Net” [67] or EuroNanoMed II comprises 20 partners 
from 17 countries/regions (included Spain). Among the most 
important activities of EuroNanoMed II are annually launched joint 
transnational calls for proposals for research groups operating in the 
EuroNanoMed II partner countries, and the participation of young 
scientists in multidisciplinary and transversal nanomedicine 
research. 

Conclusions

From the point of view of toxicology, there are web resources to plan 
and initiate research with nanoparticles. First of all, standards, 
taxonomies and ontologies are key components for ensuring that 
nanoparticles are appropriately annotated, providing to the 
toxicologists good descriptors for literature searches in databases 
facilitating data sharing and discussion of results. Databases with 
information about nanoparticles and environmental and biological 
interactions are key sources to study the health and safety 
implications of nanoparticles. Also, the use of web tools as fora can 
help to update and exchange information about nanoparticles 
interactively.
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