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General information about Project (AOARD- Grant 114035): 

 

PROJECT TITLE: "Nanobioinformatics: Emerging Computational Tools to understand nano-

bio interaction". 

 

Name of the Principal Investigators:  Dr U.S.N.Murty 

Head, Biology Division 

CSIR-Indian Institute of Chemical Technology 

Tarnaka, Hyderabad-607, INDIA 

Email address:     usnmurty@iict.res.in 

Tel:       +91-40-27160123-40 

 

ABSTRACT: 

Nanoparticles have become a part of our daily life due to the advancement in various product 

developments ranging from cosmetics to medicine to other primary and secondary utility 

products. There is a requirement of much more regulation for quality check of the products 

developed from nano particles. Therefore, various toxicity assessment of these tiny particle 

derived products are the need of the time and development of organized  and regulated protocol 

is essential for the upcoming future and booming market of products made of nanoparticles. 

Especially, products nanoparticles based products applied in the area of medicine including 

imaging, drug delivery agents, cosmetics are to be strictly assessed for toxicity before reaching 

the market. 

 

Observing the future need, it is easily understandable that the cost, time, labour of the 

experimental assessment will also rise exponentially as on a range of products will keep on 

occupying the market. The need of a well established computational system which can efficiently 

share the cost, time and labour of the experimental requirement with certain amount of accuracy 

is going to expedite the overall process of toxicity assessment professionally.  

 

Development of prediction tool for nanotoxicity studies is a novel approach using computational  

techniques by which we can predict the nature of particular nanoparticle easily when compared 

to the traditional in-vivo methods where animals are used as test organisms and experiments are 

conducted for days, weeks even months depending on the need and nature of the experiment.  
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This computational system will aid in easy categorization of the particles depending on several 

parameters utilized. The application of the artificial intelligence system for classifying the data 

depending on the parameters considered will easily identify the compounds within the certain 

toxicity ranges. 

The developed database in this regard will grow further depending on the upcoming raw data 

deposition in the public domain databases and in the literatures which will in turn raise the 

strength of the prediction further due to availability of more data points. 

INTRODUCTION: 

Development of prediction tool for toxicity of nanoparticles requires huge amount of data, data 

based on which the tool is developed it can be generated by conducting the studies on the Wister 

male/female mice, these mice are very good test subject for carrying out the studies because 

these have similar genome as of the humans almost of 90%, these are easy to handle, 

morphological changes occurring in them can be easily noticed through naked eye. 

PHASE WISE PROJECT DETAILS: 

Phase I: Data collection 

Collected data on nanoparticles from the different manuscripts published in different journals, 

these articles are downloaded and data is collected from it. There are many online journals which 

report studies of NANOPATICLES toxicity these are: Nature Nanotechnology, SCIENCE 

DIRECT, ACS NANO, BMC, Small, Nano Today, Current Nano science, Nano Letters, 

Nanotechnology. The key words which were used for searching in the site are Nanotoxicity, 

Nano-particles, Nanoparticles AND toxicity. These where among the few words used for 

searching the articles. Huge number of articles have been found, all the relevant articles was 

downloaded and studied for the data. These articles where sorted based on the source and the 

particles upon which it is studied and sorted according to element and its source from where it is 

found like science direct, acs nano, wiley publications, etc. 

Elements like Gold, silver, titanium are few among upon which most of the studies are 

concentrated, other elements are also reported but few numbers of articles had been found 
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comparing to these elements in conjugated form had also been studied such as silver nitrate, 

titanium dioxide, and many more. Many studies had been reported until now as these NP 

individually are not potent but in conjugated form proved to be very dangerous to use. These 

data reported in the journals are collected in an excel sheet, each article deals with different 

nanoparticles and as each investigator will one conducts different experiments for his own 

purpose, this make challenging for the data collection and as every journal has different type of 

data represented in different fashion like tables, graphs, percentages, ratios and etc. 

 

Phase –II: Application of SOM algorithm 

Self Organizing Maps (SOM)  

Briefly, SOM is a data clustering technique invented by Professor Teuvo Kohonen of Helsinki 

University of Technology, Finland, in 1960’s which reduce the dimensions of data through the 

use of self-organizing neural networks. In SOM the neurons are organized in a lattice, usually a 

one or two-dimensional array, which is placed in the input space and is spanned over the inputs 

distribution. The processing units in the SOM lattice are associated with weights of the same 

dimension of the input data. Using the weights of each processing unit as a set of coordinates the 

lattice can be positioned in the input space. During the learning stage the weights of the units 

change their position and "move" towards the input points. This "movement" becomes slower 

and at the end of the learning stage the network is "frozen" in the input space. After the learning 

stage the inputs can be associated to the nearest network unit. When the map is visualized the 

inputs can be associated to each cell on the map. One or more cell that clearly contains similar 

objects can be considered as a cluster on the map. These clusters are generated during the 

learning phase without any other information. Hence, the main applications of the SOM is to 

visualize high-dimensional data in a two dimensional manner, and the creation of abstractions 

like in many clustering techniques. 

 

The characteristic that distinguishes the SOM net from the other cluster algorithms is that not 

only similar inputs are associated to the same cell but also neighborhood cells contain similar 

types of documents. This property together with the easy visualization makes the SOM map a 

useful tool for visualization and clustering of large amount of data. 
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Steps involved in the algorithm  

 

1. Initialization: Randomly initialize a weight vector (Wi) for each neuron i 

     Wi = [wi1, wi2, ..., win], n denotes dimension of input data 

 

2. Sampling: Select an input vector X = [x1, x2, ..., xn]  

3.  

4. Similarity matching: Find the winning neuron whose weight vector best matches with the 

input vector 

j(t) = arg min { || X – Wi|| } 

 

5. Updating: Update weight vector of winning neuron, such that it becomes still closer to the 

input vector. Also update weight vectors of neighbouring neurons – farther the neighbour, 

lesser the change. 

    

Wi(t+1) = Wi(t) + α(t) * hij(t) * [X(t) – Wi(t)] 

         α(t): Learning rate that decreases with time t, 0 < α(t) <= 1 

         hij(t) = exp( -||rj – ri||2 / 2 * σ(t)2 )  

         ||rj – ri||2 = Distance between winning neuron and other neurons 

         σ(t) = Neighbourhood radius that decreases with time t 

 

6. Continuation: Repeat steps 2 to 4 until there is no change in weight vectors or up to certain 

number of iterations For each input vector, find the best matching weight vector and allot the 

input vector to the corresponding neuron/cluster 
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Figure1. Illustration of an SOM neural network 

 

Data Normalization: 

Summarized data is normalized linearly in such a way that minimum value in each 

category is 0 and the maximum is 1. This is done to ensure that all the parameters are given to 

equal importance when clustering is done. The neuron weightage was adjusted by the learning 

rate. The learning rates and distance threshold values for the SOM are generally default values. 

Unsupervised learning was done using the data learning constant of 0.01 with 5000 iterations 

that yielded clusters based on the neighborhood distance. 

 

Parameters identified for application of SOM: 

Parameters are Size, Shape, Concentration, Exposure time, Mode of exposure, Surface 

group, present on it Stress response, Cell viability, Up regulation and down regulation of 

enzymes (GSH, SOD, GSSH, MDA, ALK, ALT, LDH), Cell lines. 

 

Preprocessing: After collection of data from the published articles preprocessing of the data is 

done the process of pre processing include 

 Decide which fields to include in that data collected (document the rational for 

inclusion/exclusion) 
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 Collect additional data if needed 

 Select data subsets to use 

 Consider use of sampling techniques to reduce size of data set decide if data balancing is 

required 

 

SOM result: 

The obtained results of the SOM analysis helps us to integrate the parameters depending on their 

proximity to each other applying artificial intelligent based analysis of each data points and their 

respective statistical importance. The output of the analysis clustered the data points with a 

human understandable color gradation ranging from red to dark black. The objective of this color 

gradation is to represent the appropriate visual representation of each considered datap points 

under the analysis along with their exact position in the dataset under consderation.An example 

of such representation is provided below in figure 2.The result was geerated with 10,000,00 

iteration during the analysis. 

 

 
 

Figure2. Result from SOM, shows that the stress response of Titaninum Dioxide when injected 

orally single dose with and without lead acetate, titanium dioxide when injected alone not much 

change in enzymes (Malondialdehyde, Glutathione reductase, superoxide Dismutase) 

concentration is seen (light region), but with conjugation of lead acetate on surface of TiO2 an 

elevated concentration of these enzymes found (dark regions). 
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In this clustering system any amount of data related to the nanoparticle toxicity properly 

preprocessed according to the need of the analysis could be used for clustering and the position 

of the new data points could be easily determined to understand their relative position with 

relation to the training data set applied for the model development. 

 

Phase-III: Development of database: 

Back end database support is an integral part of any tool development project which not only 

yields in the organized categorizing and querying of the available data points also leaves the 

scope of future large scale development and commercial product development. 

 

The database development details are provided in the later section in details: 

 

Database design and architecture: 

The database was constructed as a relational database management system (RDBMS) for data 

storage in Microsoft SQL Server in the back-end on a web server, as it is the leading open source 

industrial strength database, and is competitive in quality and performance with the major 

proprietary databases. The relational architecture of nanoinformatics ensures data integrity and 

future expandability. In addition, nanoinformatics makes use of custom-designed lookup tables 

that ensures rapid responses to search queries. The database structure was designed to be 

modular, to avoid unnecessary redundancy and to allow fast queries. The database schema 

conforms to a set of functional dependencies designed to avoid unnecessary data duplication. 

Functional dependencies are considered standard practice in establishing good database designs. 

The data inserted into this SQL Server database can have its origin in different kinds of sources. 

Once the data are available in the SQL Server database, uniform access via a standardized query 

language is provided. The contents of the database are then made available for interactive 

querying using a standard three tier approaches consisting of the SQL Server database as the 

back-end, a web server capable to dynamically create hyper text markup language (HTML) 

pages as the middle tier, and web browsers as light-weight clients. In addition to data access via 

web browsers, the query language of the underlying RDBMS can be used directly to access data 

at different integration levels by the database administrator. Since the data in nanotox database is 

DISTRIBUTION A Distribution Approved for Public Release: Distribution Unlimited 



 11 

purely based on experimental results, it is reasonable to assume that additional entries in future 

would continue to improve the scope of the database. 

 

 

                                          Figure3.Client server relation representation. 

 

The level wise data flow diagram in provided in the following section:  
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DATAFLOW DIAGRAM 

 SECOND- LEVEL 
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The detail of the entity relationship diagram is area as follows: 

ENTITY-RELATIONSHIP DIAGRAMS 

Sequence diagram for Nanoinformatics: 

 

 

: User : Administrator 
r 

: Database 

1: login to site 

2: request for 
nanoinformatics 
database 

3.:Dissplay  
NANOTOX  data 
elements 

4: Request for particular 
parameter database 

5: Check for send request 

6: Display particular 
data table 

7: logout 
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Use case diagram for Nanoinformatics: 

 

 

Web Interface and Application: 

The whole database is running under Microsoft SQL Server, MicroSoft.NET technology, 

integration of open source softwares. HTML and ASP.NET technologies have been used to build 

the dynamic web interface.SQL Server, a relational database management system (RDBMS), 

works at the backend and provide commands to retrieve stored NANOTOX data. C#, a server 

side scripting language, provides interface and functions to fetch data from database. 

MicroSoft.NET and SQL Server combination is quite efficient and powerful for database 

management. 

 

 

 User 

Login to site 

Database 

Nanotox Database blog 

Display element list 

Request to particular 
parameter database 

View data table 

Administrator 
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Figure4. Home page of the Nanoinformatics web application. 

 

Description of the Database: 

The database contains a home page consisting of the initial information related to the database 

and introduction and link of the Institute involved and contact details. In the same page there is 

the links to the relevant pages. 

 

PROJECT MODULES: 

The application is accessed by two types of users: Administrator and Customer. The following 

are the modules in Nanoinformatics: 

Modules: 

  1. Nanotox Database module &  

2. Database connection module 
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1. Nanotox Database module: 

This is First module of our Nanoinformatics where the customers can view the different types of 

elements list for the nanotox database. This module is managed by the administrator who 

manages different types of element’s nanotox database. Our Project having the option to select 

from various elements for nanotox database like Gold, Silver, Titanium etc... These elements 

provide all the parameters are listed to our users. It is very much useful for the user to select the 

particular parameter.  

 

2. Database connection module: 

Administrator will be managing this module where each Customer who had logged in the 

Application can view the different elements with their parameters listed by the administrator. 

 

Figure5. Data flow information of the Nanotox Database of different Nanoparticles. 
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Screen shots of Nano database: 

 

Figure shows Gold Nanoparticle data page. 

 

 

Figure shows acute toxicity and distribution of different sized TiO2 particles. 
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Home Page of the Nanoinformatics. 

 

 

Database home page of different nanoparticles. 
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Titanium Database Page. 

 

 

Titanium Publucations Page. 
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 Toxicity and biodistribution of different sized titanium 

 

 

Gold Database Page 
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Gold Publications. 

 

 

Bio compatible gellan of gold nanoparticle. 
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Carbon Database Page. 

 

 

Carbon nanometerial toxicity to the skin 
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Silica Database Page. 

 

 

Silica invitro development toxicity. 
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Silver nano Related Database 

 

 

BioPure Silver Nanoparticles: 
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Au nano related Database 

 

 EGF signal transduction of Au. 
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Aluminium Oxide nano related Database 

 

Acute effect of alluminum oxide NP in various tissues of rats on day 3 and 14 

DISTRIBUTION A Distribution Approved for Public Release: Distribution Unlimited 



 27 

RESULTS: 

This database was constructed mainly to create a resource that would facilitate easy retrieval of 

nanotox data of nanoparticle information. It is an attempt has been made to create a 

comprehensive database on different elements of nanoparticles. This database tries to bring the 

experimental data out into the open in a succinct and consolidated form. 

 

By using prediction tools the problems raised above will be minimized to greater extent and we 

will obtain results in no time. By providing the parameters required to the tool, it will be 

efficiently predicting the nature of the particle and detect with certain amount of accuracy 

whether the particles are toxic to humans or not. Through this prediction tool we can infer 

maximum permissible limit of NP for humans as well as animals. 

 

CONCLUSION: 

Nanoinformatics is the Web database providing comprehensive information on Nanotox database 

of nanoparticles. It is a schema-free database that can be accessed as a Web service from modern 

C# programming language using a simple HTTP call. Nanoinformatics provides interfaces to 

freely retrieve visualize and analyze the nanoparticle database. The Nanoinformatics Web site 

can also be used to access the integrative information about the Nanotoxicology. 

 

OUTCOME OF THE PROJECT: 

1. In this project data integration is performed from various literature sources and initially 

they were categorized for individual inspection. 

2. Integration of the data is performed under MYSQL and the whole dataset was made 

search able through different types of query framing. 

3. The front-end of the database is developed using ASP.NET and it has been connected 

with the back-end MYSQL server where user friendly query can generate different types 

of report depending on the need of the user. 

4. SOM based clustering is performed to understand and compare each data points with 

relation to their various properties along with toxicity. 
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FUTURE PROGRAM: 

As the availability of the data will increase in future the following addition in the present 

database and classification system could be incorporated: 

1.  More data will be incorporated in the present database 

2. The number of parameters for classification and clustering can be increased 

3. More types of query framing could be incorporated in the present database. 
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