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INTRODUCTION 

Toxicogenomics is an important era of genetics that was 

first coined/ invented in 1999 which outlines the 

relationship between genomics and toxicology.
1
 After 

19th century the period of toxicogenomics has rapidly 

shown its flow of growth. For few toxicological 

screening there is a method called microarray that can 

analyse both genome sequencing and expression of gene 

thus toxicology has become an advanced tool for 

toxicological screening, more complex and complicated 

discovery of toxicity, using pattern of chemicals, drugs 

and measurement of their safety and it also contributed in 

discovery of new drugs.
2,3

 In order to understand and 

rearrange the genome now a days toxicogenomic research 

is used by the scientists as a tool that can make possible 

the study of unlimited data sets from microarray in which 

new approaches and methods can be required. The latest 

genomic technology that seems to be incomprehensible 

provides information to understand the incorporation of 

toxicological process which is the intent goal of 

toxicogenomic research.
4
 

The study of stressors and their scathe on living 

organisms and their environment can be defined as the 

main aspect of toxicogenomic research. There are 

different portions of toxicology one of which negotiates 

with risk assessment, identification of hazards and 

toxicological mechanistic. Another portion of toxicology 

can help in understanding the mode of action of different 

types of drugs and chemicals and also can make the 

advancement of the efficiency of their risk assessment.  

To reduce toxicity toxicogenomics also can be used in 

hazard screening, mechanistic information, exposure 

assessment and developmental exposure. Different 
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chemical and pharmaceutical compounds developed by 

different industries needs to monitor and discern and such 

can accelerate the effects of toxicogenomic technique on 

those compounds. The screening method needs 

something that can offer new drug‟s potential adverse 

potential outcomes. This allows the safety evolution of 

those compounds‟s intelligent advancement into late 

stages.
5
 

Using toxicogenomic study a rich genomic library can be 

made using data from various investigative programs. 

This genomic library can be used to understand responses 

of different cell and organs against toxic particles. In the 

progression of this process proteomics, transcriptomics 

and metabonomics have some influences. The application 

of gene expression for understanding the environmental 

stressor effects on biological system has increased with 

quick development in genomic, proteomic metabonomic 

based technologies.
6-15

 This technologies can be applied 

on protein, mRNA and metabolite analysis to study 

hazard effects on organisms.
16-22

 

The new field of toxicogenomics is the main topic of this 

review and also depictures some of its achievements and 

research approaches. This process also will show the data 

integration process derived from proteomics, 

transcriptomics and metabonomics and also about the 

advent of system toxicology.
23-29

 All the interactions 

elements in a given biological system under toxicant 

perturbation to attain a mechanistic understanding of 

toxical response has tried to discuss with system 

toxicology as with system biology.
30

 

The evolution of molecular toxicology and 

toxicogenomics 

With the discovery of DNA structure by Watson and 

Crick the history of molecular biology has been 

restrained. The capacity of fully translating the codes to 

function is really challenging for nearly 60 years. The 

factual progression of molecular biology to toxicology 

provides for translating molecular concern to organism 

health. Southern blotting is the method of visualization of 

genetic materials in a manner of feasible that has been 

established in 1975. Then the modified version of 

southern blotting has been established as northern 

blotting that detects RNA transcript.
31

 Thus a 

technological breakthrough occurred which qualified the 

toxicologists to measure and track the changes within the 

DNA transcript and detects the changes in gene 

expression following the exposure of cells to toxicants. 

The first application of northern blotting was prepared to 

determine lactate dehydrogenase transcript following 

exposure to materials.
32,33

 Now there are more rapid and 

higher output methods has been introduced that needs a 

very small amount of sample and can track the molecular 

events in genomic level. Microarray chip is the most 

advanced technology for such kind of measurement 

published first in mid-1990‟s. DNA microarray has two 

types of functions, one which was produced with “on-

chip synthesis” of short oligo sequences carry 

technologies from semiconductor industry.
34

 The 

purification of longer length DNA “spots” generated by 

PCR is the next function of microarray chip.
35,36

 The 

result for either platform was a very simple array that 

could uniquely permit the probing the whole DNA 

transcript profile and test the expression of host‟s 

functional genes for any biological hybridized RNA and 

it provided a new field in toxicogenomics. In present 

“toxicogenomics” refers the interface of several 

functional genomic approaches that are used to 

understand the mood of toxicity.
37

 Not only National 

Academy of Sciences but also the leading scientists also 

provided the need and limitations of toxicology towards 

calculation of individual susceptibility and risk, 

measurement of exposure, elucidation of mechanism.
38

 

Fruitful execution of microarray technology needs the 

development of mutual science across several rules such 

as chemistry, engineering, mathematics, computer 

science, molecular biology and engineering.
39

 In all areas 

of biology many papers have been published about 

summery of micro array technology. Even there are more 

than 500 review papers and illustrating the concepts of 

toxicogenomics.  

The evolution of the field of toxicogenomics 

Toxicogenomics: aims and methods 

Toxicogenomics aims three principal goals: it implies the 

relationship between environmental stress and human 

disease susceptibility, it identify useful biomarkers of 

disease and exposure to toxic substances; and elucidate 

the molecular mechanisms of toxicity.
40

 A typical 

toxicogenomics study might involve an animal 

experiment. This experiment includes three treatment 

groups: high dose and low-dose treatment groups and a 

vehicle control group that has received only the solvent 

used with the test agent. These groups are experimentally 

observed at two or three points in time, which are done 

three to five animal subjects per group. So a 

toxicogenomics study implies a simple, acute-toxicity 

study.
41

 These two groups are differ in their scope of the 

response from which they are detected and in the 

methods used. The high-dose treatment are expressed 

with toxic response, the toxicogenomics research can 

identify this toxic response using the global-measurement 

techniques. In general toxicogenomics study, a list for 

each sample genes that are expressed differentially are 

created. If it is not possible the profile-analysis methods 

are applied to dose-related and time course studies for the 

identification of genes and gene profile of sample 

organism.
41

 By using the knowledge that is extracted and 

assembled from literature analysis a comparative analysis 

and modeling of molecular-expression datasets is created 

and within this database it is possible to differentiate the 

adaptive responses of biological systems.
42

 It also deals 

with those changes that are associated with clinical or 

visible adverse effects. Last 5 years, the field of 

toxicogenomics has increased mostly, within the concept 
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of gene-expression profiles as „signatures‟ of toxicant 

classes, disease subtypes or other biological endpoints. 

Through an analytical research these signatures are 

designed for predictive biomarkers of toxicant effects and 

this signature are now contribute to understand the 

dynamic alterations in molecular mechanisms that are 

associated with toxic and adaptive responses. Now the 

research work related to a toxicogenomics study are 

increasing largely and the amount of gene-expression 

database also increase. For the examination of per dose-

time group, every animal tissue requires 18-45 

microarrays and 2000 or more transcripts per array 

required for attendant measurement.
43

 Also, every animal 

contain treatment-associated data on their total body and 

organ-weight measurements, clinical chemistry 

measurements and microscopic histopathology findings 

for several tissues.
44-46

 This important data collection, 

management and integration are done carefully and this 

process is very crucial for the experimental protocol and 

for interpreting toxicological outcomes. So, all this data 

must be collected in terms of dose, time and severity of 

the toxicological or histopathological phenotype. This 

experimental data are compiled to analyse with 

toxicoinformatics tools and computational modelling and 

it derive a new important understanding of toxicant-

related disease.
47

 Toxicogenomics is now integrating the 

multiple data collection derived from transcriptomics, 

proteomics and metabonomics with traditional 

toxicological and histopathological endpoint-evaluation. 

This integration has the potential to develop our 

understanding on the relationship between toxicological 

outcomes and molecular genetics. Now toxicology and 

toxicogenomics are developed predominantly on 

individual chemicals and stressors into a knowledge-

based science.
40

 Toxicogenomics stands by `predictive 

toxicology` that is the phenotypic responses of an agent 

on a related strains and this can be used to identify the 

mode of action of same molecule in related strain or other 

species. This result also used for other toxicogenomics 

researches related to genotypes and the species are 

assimilated for multi-genome knowledgebase. This 

knowledgebase are find out by chemical formula or 

stressor type, by gene, protein or by analysing the 

metabolism of metabolic molecule or by phenotypic 

outcome of other entities that express the result of newly 

tested agent.
48,49

 All this things make toxicology become 

an information science and the genomics, proteomics are 

also helped by this (Figure 1). Example of 

toxicogenomics flow scheme. In this example, individual 

rodents are exposed to varied doses of compound and 

tissues are collected at various time points and subject to 

microarray analysis. Calculations are made to (1) 

determine the significantly altered genes in each sample 

and (2) map these gene changes into annotated pathways. 

This allows for initial assessment of a view to potential 

mechanisms of tissue response to compound perturbation. 

As illustrated by (3), expression files may also be mapped 

against archived files to determine similarity of 

compound action/response to other compounds that have 

been previously studied in the database. It should be 

noted that analyses may be conducted on individual 

dose/time profiles or across dose and time response with 

an assessment of „„trend.‟‟
39

 

 

Figure 1: Analysis can be performed at each dose/time 

point/organ independently (characterizing effects 

based on the dose level of the compound). 

Use of toxicogenomics in risk assessment 

The regulatory agencies increase efforts to incorporate 

toxicogenomic data into risk assessment. These data are 

prepared ago to replace existing required testing regimens 

in risk assessment and regulatory toxicology. 

Toxicogenomic technologies will be further developed to 

increase capabilities in the following sectors: 

Exposure assessment 

Modern toxicogenomic information is more 

discriminating, predictive, and sensitive that currently 

used to evaluate toxic exposure and associated with 

exposure to individual chemicals and to chemical 

mixtures.  

Variability in susceptibility 

The genetic contribution in susceptibility to human 

variation by toxic effects of pharmaceuticals and this 

toxic effect varies from person to person. Gene - gene 

interactions are another important area of research for 

understanding human susceptibility and assess 

differences in susceptibility in larger populations.
38

  

Cross-species extrapolation 

Despite the dependence on animal models in toxicologic 

research for predicting human health effects in the 

regulatory area, there are important differences between 

how animals and humans respond to different 

chemicals.
50

 Otherwise, there are limitations for analysis 

of emerging data - rich approaches such as- genotyping, 

mRNA analysis, protein analysis and metabolite 

analysis.
51
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Hazard screening 

Hazard screening can be comprehensive, intended to 

detect all potential hazards, or it can be more limited, 

detecting only a specific type of hazard. Toxicogenomic 

screening methods depends greatly on the setting. It 

should be integrated into applicable chemistry regulatory 

and safety programs.
52

 

Mechanistic information 

Toxicogenomics holds the promise of providing new 

insights into molecular mechanisms of a variety of 

toxicities. Chemical-specific patterns of altered gene 

expression can be revealed using high - density micro- 

array analysis.  

Dose-response relationships 

Toxicogenomics has the potential to improve 

understanding of dose-response relationships, particularly 

at low doses and attention must focus on characterizing 

toxicogenomics responses at low doses.
53,54

 

Developmental exposures 

Exposure of developing tissues or organs to an adverse 

stimulus or insult during critical periods of development 

is occured. Toxicogenomic technologies are expected to 

reveal more efficient to detect the potential effects of 

exposure to toxic substances in early development 

stage.
55,56 

Data integration 

The goal of toxicogenomics is to integrate data from 

different studies and investigative platforms to create a 

richer and biologically more refined understanding of the 

toxicological response of a cell, organ or organism. For 

example, one goal would be describe the interplay 

between protein function and gene expression, or 

between the activity of certain metabolizing enzymes and 

the excretion into serum or urine of populations of small 

metabolites. The integration of data from different 

domains such as proteomics and transcriptomics or 

transcriptomics and metabolomics has been reported. In 

these experiments, tissue samples that were resulting 

from the same individual animals or from comparably 

treated animals were analysed in parallel using different 

technologies.
57-59

 However, the data from different 

studies were integrated only after a shortlist of 

differentially responsive transcripts or protein spots had 

been derived. The experience gained from integrating 

globalproteomics or metabolomics data, such as spot 

intensities from 2D gels or metabolomics fingerprint data 

from NMR, tells us that cluster or principal component 

analysis can be done to derive global signatures of 

molecular expression in much the same way as in 

transcriptomics analyses.
60

 If biological samples 

segregate into unique clusters that show similar 

expression characteristics, further efforts can be made to 

distinguish the new proteins or metabolites that are 

expressed in these samples.
40,61

 Further steps can also be 

taken to calculate these proteins or metabolites as 

potential biomarkers and as a means to determine the 

underlying toxicological response. Although software is 

plentiful for managing expression- profiling data at the 

laboratory level, there is a compelling need for public 

databases that combine profile data with associated 

biological, chemical and toxicological endpoints.
62

 

Comparisons of gene, protein and metabolite data in 

public databases will be valuable for promoting a global 

understanding of how biological systems function and 

respond to environmental stressors.
44

 As these 

repositories are developed, experiments will be deposited 

from disparate sources, using different experimental 

designs, but targeting the same toxicity endpoint or a 

similar class of toxicant.
63

 In these cases, it will be 

important that the databases integrate data from related 

studies before data mining occurs. To maximize the value 

of deposited datasets, the repositories must also be able to 

integrate data from different technological domains.
64

 

Furthermore, a standard representation of data types in 

each domain is a pre-requisite for efficient and accurate 

storage, access, analysis, comparison and data exchange. 

International standards that encompass technological and 

biological domains are under development by the 

microarray gene expression data (MGED) society, or 

reporting structure for biological investigations (RSBI), 

working group.
65,66

 Furthermore, members of regulatory 

bodies are working with scientists from industry, 

academic and government laboratories participating in 

the ILSI genomics committee and clinical data 

interchange standards consortium to develop standards 

for the exchange, analysis and interpretation of 

transcriptomics data. 

Some steps have been taken to extend toxicogenomics 

and combine it with computational approaches such as 

pharmacodynamics and pharmacokinetics.
30

 These two 

systems can be used to derive quantitative estimates of 

the dose of the test agent or its metabolites that are 

present in the specific tissue at any time after treatment. 

Thereby allowing molecular expression profiles to be 

anchored to internal dose, as well as to the time of 

exposure and to the toxicant-induced phenotype.
43

 

Relationships between gene, protein and metabolite 

expression can then be described both as a function of the 

applied dose of an agent and the ensuing kinetic and 

dynamic dose-response behaviours that occur in various 

tissue compartments. Such models also must take into 

account the fact that the transcriptome, proteome and 

metabolome are themselves dynamic systems, and are 

therefore subject to significant environmental influences, 

such as time of day and diet.
67

 

Despite the numerous successes of toxicogenomics in the 

context of toxicology, a poorly addressed but 

confounding issue that is pertinent to drug safety and 

human risk assessment is the effect of the individual 
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genetic background on the response of an animal or 

human patient.
68

 The PharmGKB pharmacogenetics 

knowledgebase catalogues the relationship between 

different human genetic backgrounds and susceptibility to 

drug therapy. In addition, the NIEHS environmental 

genome project is identifying SNPs in genes that are 

important in environmental disease, detoxification and 

repair.
69

 Linking toxicogenomics knowledge bases with 

those containing information about SNPs and human 

susceptibility will gradually lead to a more complete 

picture of the relevance of the responses and genotypes of 

surrogate animal species to human risk assessment. 

Microarray analysis 

The detection of expression level of thousands of 

particular genes of different biological samples is 

possible by the use of DNA chips, or microarrays, 

quantitative analysis. This process shows the differences 

between individual cells with diseased cell. Microarrays 

are constructed by immobilization of DNA sequences, the 

coding sequence of genes of interest are bind to a solid 

support such as glass slide or nylon membrane.
70

 A 

mRNA are prepared from the labelled tissue and then 

hybridized in the form of reverse transcribed cDNA 

microarray. This mRNA is visualized using 

phosphorimager scanning or other process.
71

 Then further 

analysis is done using appropriate software, which allows 

determination of the extent of hybridization of the labeled 

probes to the corresponding arrayed cDNA spots, and 

provides a comparison between controls with test 

samples that permits quantitative analysis of changes in 

gene expression associated with treatment.
61

 

There are many commercial microarrays are now 

available, varying from those comprising several hundred 

genes (usually immobilized on a nylon membrane and 

probed with radiolabeled cDNA) to those harborin genes 

of thousands of oligonucleotide sequences (immobilized 

on glass slides and analysed using dual fluorescent- probe 

technology).
72

 These arrays can use either “broad 

spectrum” or custom designed to profile particular 

tissues, biological pathways, or even disease states. In 

this regard, microarrays designed to profile genes 

involved in response to toxic insult have been developed 

by commercial vendors, pharmaceutical companies, and 

academic institutions.
1
 

Challenges and technical considerations 

From recent analysis three general challenges have been 

predict in human health risks from chemical stressors 

raises: the side effects of thousands of chemicals and 

other stressors that are present in the environment, the 

time and dose parameters that define the relationship 

between exposure to a chemical and disease, and the 

genetic and physiological diversity of human populations 

and of organisms used as surrogates to determine the 

adverse effects of a toxicant. This knowledge and 

genetics can help us to understand environmentally 

induced diseases, assess risk and increase awareness of 

public-health. Associated with these challenges, the 

technical issues are described below: 

Technical issues 

The alteration in genome sequence cause alteration in 

mRNA, protein and metabolic concentration of tissue 

extract are used as „signature‟ that identifies the gene 

changes. It also identify several gene products that are 

involved in a toxic process depends on specific cell types 

in which the target-gene transcripts and products are 

located. Northern or western blotting, real time PCR, are 

generally used to verify the expression profile of a gene 

or to selectively analyse its expression as a function of 

toxicant dose or time of exposure.
73,74

 In vivo 

hybridization, immunohistochemistry and other 

techniques can be used to identify the specific cell types 

that maintain the gene expression.
75

 Within this method 

most of the molecular expression of cell can be analysed. 

Only a limited number of cells require cell separation 

methods that limit the contribution of cell type to gene 

expression.
76

 

Toxicogenomic analysis deals with biological sample and 

the most used biological sample contain many cell types, 

especially the nacrotic tissue. Laser capture 

microdissection (LCM) provide more homogenous 

samples, this method isolates individual cells or sections 

of tissue from a fixed sample.
77

 The use of LCM 

minimizes the contributions of non-target cell populations 

in comparisons of diseased and normal tissue, but also 

introduces handling and preparation steps that can affect 

detection accuracy. The modern technology also takes 

part in cell sampling, it also have the ability to accurately 

detect signals from smaller samples. For example, it will 

frequently be used to amplify mRNA from the biological 

sample used for transcriptomics analysis. It is very 

important to detect weak signals or small but biologically 

important changes in expression levels, because the 

toxicologists explore the initial steps in biological-

signalling cascades and compensatory processes. Now 

strong and small signals can be detect by cDNA 

microarray hybridization technique. This technique also 

suitable for identifying signals within a mixed cell 

population in samples that are diluted by up to 20-

fold.
75,78

 Also this technology can probably detect a 

strong signal from a population comprising 5-10% of the 

total tissue. But this technology have some limitation, it 

miss some subtle changes associated with signalling or 

other responses to a stressor. The main purpose of this 

method is to identify the genomic changes that occur into 

a cell. Another tool for identifying the toxicant effects is 

mRNA analysis, protein structure analysis, modification 

and global protein-expression provides distinct 

advantages for understanding the functional state of the 

cell or tissue.
79

 New methods are applied to profile the 

capacity of proteins with antibody arrays and surface-

enhanced laser-desorption mass spectrometry. New 

insights into the function of genes are accessible by 
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measuring the alter patterns of mRNA and protein 

expression in accessible tissues such as serum.
8
 This 

might help to functioning of genes in the context of 

toxicity and guide the search for protein biomarkers of 

toxicant exposure or predictive toxicity. 

Bioinformatics challenges 

To understand or realize all the molecular mechanism in 

toxicogenomics, an extensive investment in 

bioinformatics is required. It will increase the number of 

molecular research that enhances biological sense from 

the many of interrelated numerical-molecular identifiers 

and their associated explanation. Bioinformatics depends 

on biological and mathematical modelling. 

Bioinformatics and mathematical modelling tools provide 

powerful approaches for identifying the patterns of 

biological response that are placed in genomic datasets. A 

global molecular database has been established through 

bioinformatics form genomics or proteomics technology 

and is currently controlled by „bioinformatics bottleneck‟. 

The identification process of genes, proteins and 

metabolites are improved by bioinformatics and it opens 

the field of toxicogenomics in high-throughput 

applications in drug development and toxicant 

evaluation.
80

 Several annotation problems from useful 

resources address by linking identifiers used in genomic 

databases at the National Centre for Biotechnology 

Information (NCBI), the European Molecular Biology 

Laboratory (EMBL) and the DNA Data Bank of Japan 

(DDBJ) to other annotation resources.
81

 Annotation 

inconsistencies is the knowledge of the sequence of the 

actual nucleotide or protein that is used to query the 

genome. Now more and more advanced bioinformatics 

tools are used to extract information from microarray 

results. These tools provide a valuable result when the 

data used have a high degree of internal specificity and 

accuracy.
82

 Bioinformatics link between biological 

profile and statistical analysis and this improve the 

bioinformatics experimental knowledgebase.
44

 This 

means that once a set of genes with altered expression is 

identified, their biological functions must be ascertained. 

Mechanical interpretation of transcript changes provides 

non-standard or imprecise annotation of a sequence 

element. The comparison of results might be hampered 

by the difference in annotation within and among diverse 

microarray platforms. This contradiction are arises from 

annotation resources that use different lexicons, or from 

annotation information being compiled at different times. 

Further bioinformatics and interpretive challenges arise at 

many levels of biological organization.
83

 Now our levels 

of understanding about the global molecular-landscape 

are limited only the lower levels of complexity 

(genes/proteins, gene/protein groups, and biological 

pathways). Now our knowledgebase on bioinformatics 

might be termed linear toxicoinformatics; that deals with 

the environmental stimuli and responses, over dose and 

time, following a toxicological stress. Within this 

research the toxicologists and risk assessors‟ advice some 

key events and linear modes-of-action for environmental 

chemicals and drugs.
84

 On the other hand, environmental 

stimuli change the highly nonlinear cellular-expression 

state. Therefore, the statistical and bioinformatics-based 

separation of the complex adaptive, pharmacological and 

toxicological responses of drugs, chemicals and even 

dietary constituents will probably be a matter of degree 

reflecting the kinetic and dynamic responses of specific 

tissues to toxicants as directed by the genome, the genetic 

heritage of the individual and that individual‟s current 

and prior exposures.
85

 

Systems toxicology 

Ideker used the phrase „systems biology‟ to describe the 

integrated study of biological systems at the molecular 

level - involving perturbation of systems, monitoring 

molecular expression, integrating response data and 

modeling the systems‟ molecular structure and network 

function.
86

 Here, we similarly use the phrase „systems 

toxicology‟ to describe the toxicogenomics evaluation of 

biological systems, involving perturbation by toxicants 

and stressors, monitoring molecular expression and 

conventional toxicological parameters, and iteratively 

integrating response data to model the toxicological 

system.
87,88

 

Several approaches are being developed to model 

network behaviour, with different assumptions, data 

requirements and goals. However, it is not likely that 

toxicogenomics and systems toxicology models will be 

assembled exclusively from knowledge of cellular 

components, without equivalent knowledge of the 

response of these components to toxicants.
89

 Therefore, 

the „stress testing‟ of the structural biology of the system 

and the capture of that data in the context of the 

functioning organism adapting, surviving or succumbing 

to the stress will be required.
90

 Development of a 

knowledgebase to accurately reflect network-level 

molecular expression and to facilitate a systems-level 

biological interpretation requires a new model of data 

management, data integration and computational 

modeling. A knowledgebase that fully embraces systems 

toxicology will use precise sequence data to define 

macromolecules, interaction data based experimentally 

on co-localization, co-expression and analyses of protein- 

protein interactions, and functional and phenotypic data 

that is based on gene knockouts, knockins and RNA-

interference studies, in addition to studies of responses to 

chemical, physical and biological stressors.
53,91

 These 

data will allow specific molecules to be accurately related 

to the biological phenomena that reflect both the normal 

and the stressed cell, tissue, organ or organism. In the 

best circumstances, a system toxicology approach will 

build a toxicogenomics understanding from global 

molecular-expression changes that are informed by PBPK 

or PD modelling and biologically-based dose-response 

(BBDR) modelling. The challenge in constructing a 

robust systems toxicology knowledgebase is formidable. 

 



Mahmud SMN et al. Int J Basic Clin Pharmacol. 2016 Aug;5(4):1164-1174 

                                              International Journal of Basic & Clinical Pharmacology | July-August 2016 | Vol 5 | Issue 4    Page 1170 

Toxicogenomics in future year 

The power and potential of new toxicogenomics methods 

revolutionize toxicology. Technological improvement 

brought out a new era in toxicological science that are 

already in use allow RNA profiling of formalin-fixed 

tissues, tissue archived from generations to generations of 

toxicological studies make possible the gene-expression 

analysis. Several methods that are used to array hundreds 

of toxicologically relevant protein antibodies, and to 

profile hundreds of small molecules in high-throughput 

mode using gas chromatography, liquid chromatography 

or mass spectrometry are developed gradually.
92

 

Toxicoproteomics research achievements are now used in 

identification, measurement and evaluation of proteins 

and other biomarkers that are more accurate, sensitive 

and specific than those are available now, and they target 

only particular human genetic subpopulations. Identifying 

alterations in the levels of small endogenous molecules as 

important changes in a sequence of key metabolic events 

is possible by metabolomics, now this „metabolite 

fingerprints are used to diagnose and define the ways of 

specific chemicals, environmental exposures or stressors 

cause disease.
93

 This process also has the ability to detect 

damage to particular organs by screening alterations in 

serum and urine compounds and it is expected the more 

sensitive detection of exposure or risk factors.
94

 T 

oxicogenomics also response to environmental exposures 

are related to individual genotype, lifestyle, age and 

exposure history.
43

 Toxicogenomics will help to keep 

balance of these factors that influence the stability 

between healthy and disease states. Environmentally 

realistic dose-regimens and therapeutic global 

observation of genomic response can increase the 

significance of toxicogenomics. It will help to delineate 

the modes-of-action of various classes of agents and the 

unique genetic attributes of certain species and 

population subgroups that render them susceptible to 

toxicants. Various strains of a species that are sensitive or 

resistant to the chemical induction of specific disease 

phenotypes, studying there genomics will be particularly 

valuable.
30

 Using the genomic knowledge to the 

phylogenetic analysis of both core, conserved biological 

processes and to the toxicological responses seen in 

different species that will provide a comparative insight 

into genetic susceptibility and probable disease 

outcomes.
95

 Our overall understanding of mechanisms of 

toxicity and disease etiology as integrated 

toxicogenomics databases are developed by the combined 

application of genomics technologies. Integration of data 

on gene, protein or metabolite changes collected in the 

respect of dose, time, target tissue and phenotypic 

severity across a range of species from yeast, to 

nematode, to man will provide the comparative 

information needed to assess the genetic and molecular 

basis of gene.
30

 Now we consider toxicology as an 

information science that will facilitate scientific 

discovery around all biological species, chemicals and 

disease outcomes. Although development of public 

toxicogenomic data repositories are great challenge for 

scientist, the nucleotide-sequence databases GenBank, 

EMBL and DDBJ - are examples of the benefits of 

sharing data to the wider scientific and medical 

community.
96

 The remarkable improvement in 

bioinformatics methods and data mining tools also 

develops the toxicogenomics database and also increase 

the number of researchers who are working on them.
82

 

We believe that a predictive systems toxicology will 

gradually evolve, aided by knowledge that is 

systematically generated through literature mining 

comparative analysis and iterative biological modelling 

of molecular-expression datasets over time.
42

 However, 

the development of a comprehensive and public 

knowledgebase that improve the era of toxicology and 

environmental health and this improvement brings by the 

vast numbers and diversity of drugs, chemicals and 

environmental agents, and the diversity of species in 

which they act. The NCT is working restlessly to create 

the chemical effects in biological systems (CEBS) 

knowledgebase a public resource and its ultimate goal is 

to enable health scientists to understand and mitigate or 

prevent adverse environmental exposures and related 

diseases in the twenty-first century.
97

 

Summary 

Now toxicogenomics are moving forward very quickly. If 

we admire the development of toxicogenomics, we 

noticed that it is standing still, on the other hand it 

advancing quickly. This time toxicogenomics have taken 

a lot of challenge, for this competition the actual field of 

toxicogenomics are expressed largely. This process also 

ensures its future progress. If the progress will continue 

in this rate, it will reach in a milestone. Toxicogenomics 

research aims to formation of genomic database and it 

can be opined that this process will be finished within 5 

years and it will be a breakthrough achievement of this 

field.
98

 The biologist find lots of information from this 

database and this process will continue to update. Next 10 

to 20 years toxicogeomics make progress and establish a 

uniform technical measure and definition of gene 

expression.
99-100

 It brings a remarkable success in the 

field of discovery and validation of toxicities and disease. 

Technical development also makes it easy and will enable 

simultaneous probing of genetic, genomic, proteomic, 

and metabolomics events. The data obtained from 

toxicogenomics biomarker are highly used to regulate 

environment to better inform the risk assessment from in-

vivo and in-vitro system.
101

 This modified test has now 

minimize animal testing and also helps to create 

appropriate model from human in-vitro based assays and 

provide a way to predict insilico models that will help to 

reduce animal use and cost of experiments conducted 

hazard and risk.  
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