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ABSTRACT

The story of toxicology began in the primitive age where our ancestors were fighting the battle of survival, they recogp@edrtbes plants and extracted

the poison which they used to survive. That was just the beginning and by the 1500BC Ipeajenasarked opium, hemlock and some certain metals as the
dangerous poisonous substances. Toxicology was at first developed as the study of poisons but through the developmthe gtisdy of adverse effect of
chemical agents on living organismhe key of any development is to overcome the setbacks and the toxicological development was no exception. Various
setbacks appeared through the ages like sulfanilamide catastrophe, irrational use of animals in toxicity study, crasfespacies fimncial exposures etc.

All of these setbacks pushed the human beings to the urge of developing new methodology, technology for the toxiccdomlyagtudgults various-uitro

study methods, toxicogenomics, toxicoproteomics study emerged.
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INTRODUCTION : arrows.However, there are some subtle differences in these

. . - . terms. Like toxicants arany chemical that can injure or Kkill
he traditional and descriptive definition of toxu:ologyh umans ani mal s or planis: a
IS the study of e gQVerse eff_ects"of chemicals Of ised when talking about toxic substances that are produced
phys!cal agents on living organisms-. Ad\_/erse ef‘fect%y or are a byroduct of humamade activities. As

may occur in many forms, ranging from immediate death t xample 6di oxi n-product ob chlmriﬁaiecﬂ as

few changes that are not realized until months or years Iat(e,l"%emicals. Andon the other way terms like toxin is usually

and it may occur at various levels within thedipposuch as used when the toxic subsges produced naturallyAny

an organ, a type of cell, or asa form of typical biochemical joisonous substance, whether they are microbial, vegetable,
Theknowledge of how toxic substances damage the bo

has oproaressed alona with medical knowledae. It is nog synthetic chemical, that reacts with specific cellular
prog 9 ge. components to kill cells, alter growth or development, or kill

known that various observable changes in body functions : : !
) . : an organism may be considered a toxin.

actually resulfrom previously unrecognized changes in the

form of specific biochemicals in the body. The histoy of toxicology presents both diabolical and

It is believed, based on available sources that "toxicology(r':;)(lamérfim Cpgrlspecn;/e: iog : Oct eo nly bthue tdeveelloiomsegt of char

ongmated from Greek. The Greeks referred to all drugsapproach to face in the path ofsalled incurable diseases.

onamakon vithaut distnguishing between fhose thaiico0gys history began with cave dlers  who

pharn 1o ) 9 9 trecognized poisonous plants and animals, and used their

contained active ingredients and those that dl:?-:wmt_ually, extracts in hunting or for survival warfare. By 1500 BC

tger eGr:ekk W(t)rde pr)hzranrmalgotn oc?(rr:e ctoo rgegn F::/";OQ- Therittrer} rt\a/c%rd no}ecr:i hemlock, pi6um, ﬁmd cerr]tain m?talsxas no

meaning bow. Other Greek terms faxicoloay include gngerous. ith time, or%oné became W%éﬁy used and Wit} '

. 9 s : 9y . %rehat s%ohisﬁation H was Paracelsus who found thaa

6toxicond and toxicos, wh i ean the poirsons dippe
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chemicals in plants or animals caused toxicity. He alssubstances but in case of food additives no such requirement
proved that the body's response to chemicals depended isnpresent. In the late 1970 due to the concern about

the dose. His studies revealed that small doses of chemical contamination in the environment the U.S EPA
substance were harmless or cause harm dependitmpw (United States Environment Protection Agency) was

high the dose is. This is now known as the desponse founded and the matt was @At o protect hum
relationship, a major concept of toxicology. Paracelsus weasafeguard natural environmerdir, water and landupon

one of the founders of modern toxicology. Orflawhowasavhi ch | i fe dependso. FDAG6s dru
Spanish physician who is referred to as the founder ggr ogr am as wel | as the EPA®s g
toxicology. Ofrfila first prepared a systematic correlationstrategies designed to promote the safepalumtion of

between the chemical and biological properties of poisons ahemicals before use. A notable drawback came under the

that time. He demonstrated the effects of poisons on specifitPA when the chemical hamed cyclohexanol was proposed
organs by analysing the autopsy of substances for poisottsbe tested for toxicity on the 1000 rats. This program was

and their association with the tissdamagéBut in the over called High Protection Volume Challenge Program (HPV

the past 150 years, poison analysis has made impressim@gram). A coaliton filed notice of intent to sue the EPA
progress. Modern techniques and instruments are noagainst the HPV program charging under the guilty of
enabling even the tiniest traces of alien compounds to animal cruelty.

detected, not just from tissue and organ samples coIIectedTa\tn e toxic substances control a
the time of premortem. With time several techniques like . . .

isolation techniques, purification techniques, identificatior]” the structure or function of an experimental animal as a

techniques, qualitative micranalysis for elements were ;:stlcj)lismtoexggsg(rﬁ]st%ear:JmV\I/h:na dletermsinuinb Sthta e:o:tg ?)f' 0
used for toxicological analysfs. 9

animal exposure, including the route of human exposure,
With the introduction of newer groups of dru@gs the practical difficulties, bioavailability etc. Annually millions
market for therapeutic practice, the margin betweenf animals are forced upon to get tested for thxécblogical
conventional dose and toxic dose is often becomes narrastudies. In case of Lig study 50% of the test sample is
and the practitioner must exercise some strict analyticéthal in nature and as a result the exposed animals suffers
control while administration of drug. The real problems ofrom acute pain, convulsions, bleeding from eyes and
toxicological study arearely appreciated except by thosemouth. In the Draize test the corrosive substances are
intimately connected with the field. The toxic nature ofexposed upon ralts and causes irreparable damage to the
many of the poisonous type of the vegetables and animakin and eyes. After the decades of toxicity testing of
are similarly completely uncharacterised. chemical substances on the animals in 1963, the National

According to the US National Research Council (NRC)Instltute of Health published a set of guidelines on the care

—_— o N for laboratory animals. And in 1985 ammandment of
Toxicology Testing in the 21st Century” RIGROSES, a k)ngAnimaI Welfare Act was passed. The new regulation of

term strategy designed to utilize new Yogis Gl tecmomg':%ﬁidelines included the use of anaesthesia, medication and

\t/f/)hiilrllozvurfqoa:nthi 3?;?03:322 %fe zlv'goslrgegtriloggeigsk roper euthanasia of laboratory animals. The researcher can,
pop y P 4 9 owever, exclude any of these procedures if it is

elements were the use of h+dtrou_ghpm in-vitro testing Gscienti bacgbly neces
systems and methods in computational toxicology, reducing
the proportion of timeonsuming and coshefficient In the past few decades, the shortcomings of animal testing
toxicological studies conducted on animals. have arrived. The alternative test methods are applied
] nowadays to avoid the expense and time and to reduce
EARLY DEVELOPMENTS: animal pain and distress. According to some reports, it costs
To know about the development of toxicological studyapproximately 2,00000$ for keeping and monitoring of
strateges we need to know how they evolved in time andanimals for months and years and to involve them into
what was the reason behind the evolution. There were soriemunotoxicity assay just for a single chemical of one
differences that aroused within some federal agencies #&xposure route. Acute toxicity testing approximately costs
time regarding the regulatory toxicology which was one ofibout 7,000$ for each animal and about 900,000& &pan
major reason that lead to the adeament of toxicological of only 2 years. Hence the millions of dollars are required to
studies. be invested over a period of year on only one species.

In 1937, the FDA (Food and Drug Administration) acted onThe example of crosspecies differences is one of the

a regulation about the labelling law of misbranded drug aftereasons labelled as the drawback of animal testing. Over
the sulphanilamide tragedy that cost 73 lives. In 1962 due 2% of drugs thatre marketed over the span of 10 years,
the major amendment of FDCA more vasinickl trials  resulted in serious toxicity or even fatal side effects that was
were required to get positive approval from the FDA for theverlooked by animal tests. The sum is huge. The reason
marketing of a drug. Later the FDA was given authority tdoehind this phenomenon is the questionable result in animal
conduct toxicity studies for food additives to set safetyesting as the genetic differencesang the animals of the
criteria. Due to the need of safety assessments FDAame species as well as the humans. The premature approval
academe andndustry toxicologists developed the first of the chemicals later led to fatal results. Multicentre
modern protocols in toxicology during the 1950 to 1960Evaluation of InVitro Cytotoxicity (MEIC) stated that
These protocols shaped the toxicity studies that a@whi | e rat and mouse tests wer
conducted today. Regarding the regulatory requirements the predicting human lethal blood concentrations of
clinical trials on human is necessary for #pproval of drug
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chemicals, a combination of humaall tests predicted replaced in some extend the in vivo corrosivity testing of
chemical toxicity with 80 %chemiels and it reducedradically the traditional animal use
.. in corrosivity testing. The test is carried out by forming an
In 1997, a regulatory body, The Interagency COord”mt'n%rtificial skin with collagen matrix barrier and the putiel

Committee on the Validation of Alternative Methods, . e i
(ICCVAM) was founded and the functions of the committeetOX'C substances are tested on that artificial skin. Another

Vr;eertﬁotgs rg\r/]'gwrg?odctﬁga;?etotherorazgosﬁ%;rl]tfgnaémeirt]ec,szgrried out for assessing the corrosivity of chemicals in
X P g ’ Buman skin. In this method cell death period of in vitro

practical sense, each of the agencies and committees fhas

different guidelines for many of ¢hsame compounds. To uman ltllssue cqltureh|secpor:jeqrr:/vhe8_l_|t 'Sf exp_osed o
avoid such drawbacks in testing program sf test potentially corrosive chemicals. The ability of testing on an

; . ) . .. artificial human skin without any has introduced a new era
(STT) have gain popularity. The goal of STT is to |dent|fyof toxicity study>®

preliminary lower tier hazards such as chromosomal damage
or genetic mutation within weeks and it is also economicallpEVELOPMENT THROUGH TOXICOGENOMICS:
efficient. Although this method is less effective in long term

but provides strong preliminary screenihg. As the development of toxicological study meadk are

occurred the involvement of toxicogenomics became
INCLUSION OF IN -VITRO STUDY: significantly relevant. I n

In vitro tests are considered as a revolutionary step for tr%enomics study and understanding the application of gene
y step expression have led to the toxicogenomics. The

toxicity study. From the reduced variability of experimentst
to the high efficiency standardization, many advantages ar
there in invitro tests. In case of testing the degree o
toxicity of anticancer drugs cell and tissue cultures are don
It also helps to determine whether the drug is capab
enough to causeiglination of cancerous cells. This tissue

or cell culture method is easy to handle from microscopic t : . . S
y b ene in environmental interaction in disease. The problems

molecular viewpoint. But there is a condition while . : . ) )
performing the study, first we need to study the effect Ogssomated with conducting safety and risk evaluations for

cells when applied to living organism asdase of irvivo il -0 a0d chemicals as well as identifying
PP g org envirgnmental stressors_that atrne in(yolved in etielglgg/ of
hal for

test many factors/ gl e T Hurhan filheSs"h&vE bedn ¢ e%gm% Lohcerfs a rIoﬁg

ﬁarr]nb?a? o?oéi?rﬁa'])ss'ig%owé:joir:(arsetsse;\rllc%eléarr?iglrjciﬁdcatgs c;ci:me but the genomics technologies have enough potential to
the treatment of the arowth hormone diséase in childrén taelter the traditional way to assess the toxicity risk in human

i 9 rhealth. Toxicogenomicshas three principles. The first one is
extradion of growth hormones from the deceased donorF g

8xicogenomics has widen the viewf predicting the
dverse effect at the definite levels of gene expression in the
iving organism. How genomes respond to chemical and
ﬁhvironmental stressors has been characterized by toxic
genomics. The profiing of mMRNA expression with
roteomics hasdrome a way to interpret the role of the

Xic substances and the second one is to elucidate the

tt%echanism of toxicity at the molecular level and the last one

are also. carried ou_t by _computer models. for predlctmg th% to understand the relationship between environmental
metabolic and physiologal effects on human body by using ?tressors and their caplity to cause human disease. The

large number of equations obtained from the living aniM& 4 riable data derived from the transcriptomics, proteomics,

experiments. and traditional toxicological data evaluation integrate into
Another method that is used widely is the cell variabilitytoxicogenomicsand it helps to form a relationship between
test. In this method the parameters of viability are studietbxicological outcome and molecular gensfi

and the toxicity tests of vamis substances can be . . . A .
performed. The toxicity test can be performed on chickeghe toxicogenomics study is beginning to incorporate

embryos, fish and in amphibians and this technique is uivarious studies of data streams like proteomics,
yos, P q q E?anscriptomics and metabonomic. It is rapidly developing
remarkably successful and has proven useful.

from the studies that are done on individual chemicals to
The invitro data should be considered as quantitative datenowledge and informatibased sence. There are

and informaion while performing the calculation of initial basically two types of toxicogenomics approaches. The
dose of any drug substances. In the process of determiningmparative or predictive approach deals with the
the oral initial dose the use of Neutral Red Uptake (NRUautomated pattern to recognize and analyse the data sets
approach has proven useful as it reduces the number iotead of exploring the individual genes for obtaining
animal use while performing the ftioity study. information. This apmrach helps in determining the genetic
and proteomic variability of assayed samples. The other

:En case 'Fesgng of pthototox(;m[tjy thel OECr[])tégamsatloQ f(?[r approach is the functional approach which is the study of the
conomic Ceoperation and Developmgriacommends to compound effects on genes and proteins of biological

use myltro study as it reduces the cell varlablllty When_theorganisms. This study is basically done by thechanistic
potential phototoxic substances are exposed to light or in t

absece of light. The example of dvitro 3T3 NRU inference. The mechanistic inference is a sequence of events

hototoxicity test sh th kabl its of predicii after the toxicant is exposed on biological cells and it is
phototoxicity test Snows the remarkablé resufts ot predictingie\yeq in dose and tirgpace. It actually proves that the
the acute phototoxicity effects in animals and in hufhan.

gene and protein expression pattern is highly dependent on
There is another method that has been approved by tHee Dxicant concentration. So, the understanding of the
| CCVAM i s t he 6 C dhisr neethadt hasx hecharesm tofoagtion of a potential toxicant compound on
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the basis of the combination of time and dose can minimizepresent the suspected biomarkers of pathophysiological
the misinterpretation of transient response and it will allovendpointg®
the identification of delagd alterations which might

FIRST STAGE
DATA COLLECTION

Depending upon suitable biological study of targeted compound, the
in-vivo and in-vitro experimental data is collected based on

l

SECOND STAGE
MODEL DEVELOPMENT
It is a deductive phase where the correlation between genomic,

proposed hypothesis.

proteomic profiles of different compounds or toxicological profiles

l

THIRD STAGE

UTILITY
The genomic data will be utilized as safety evaluation and in-silico

are measured.

testing will be facilitated.

Figure 1: Stages of Comparative/ Predictive Model

Another aspect of the toxicogenomic study is tcCONCLUSION:

implementation of biomarkershat can indicate disease, - . . .

adverse response, and pharmacological response to Soﬁ]geﬂnm_g point event that builds on the past and future in a
certain stressors or toxicants. To predict liver toxicity som&SW era is a common component O.f lde\{elopment. Riem
number of toxicity relevant gene that are found potential t iscovery of penicillin to the clarification of the DNA

be biomarkers. Serum ALT (Alanine Aminotransfergas c(c))lljjrbslg r;(fahxé;r! hgs;:g:ﬁil;y btﬁgem;rlg\?vz;:r:g trr:s\?v ?xzr tgfe
AST (Aspartate Aminotransferase), Alkaline phosphate, - years, ove 9 yal
f,-nllsted as a lifesaving drug or a map of human genomic

glutamyl ~ transpeptidase, and orithine carbamoys uence. The advancemefittoxicology is no exception
transferase are examples of such biomarkers. In canchg b sfe the toxicology stud hasggecomea ivgtal éta o
diagnosis, the implementation of neeneration b Ly step 9y y P 9

sequencing or NGS has gained significant tioac of any drug development process. Pr_ior to being used on

Although a great number of toxicity relevant genehuman_s, ne\_/vl_y dev_eloped med|cat|on§ _must. un_dergo

expressions have been found through the reports 8{‘”?5"’8 toxicity testing. The goal of toxicity testingids
entify any potential hazardous consequences that a test

toxicogenomics study of various animal models and that cd emical mav have not merelv to determine how safe it is
be established as potential toxicogenomics biomarkers G Y ' y ;

hepatotoxicity. As for an examl acetaminophen and and to determine how test compounds affect lab animals and
carbon tetrachloride have been widely used as a potentw ether they have any direct hazardous effects on humans.

toxicant in toxicogenomics study for hepatotoxicity and a ; dee:nféuséggezfssgs Ctmgt;tt)i;mrrigilss :g T:Sr:sr?s a\?v(:\?) Ir::\re
set of genes that can be associated with liver cell injury havi yp

veen eporte. The practcalapproah for e cppiato Hroouced fo much lower dose, athaugh wth e el of
toxicogenomics biomarkers is to identify and prioritize the velop . :
the field of toxicology. Implementation of

suspected drug candidates according to the microarr

datalot ?gxicogenomics methods in toxicity testing can
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revolutionize the toxicology study. RNA profiling of

formalin fixed tissues is already being used for gen
expression analysis. Use of gas chromatography, liquid

chromatography or mass spectrometry in arrbyseveral

3.

hundreds of toxicologically active protein antibodies is

being done. Evaluation and

identification of proper*

biomarkers which is more sensitive and more accurate can

be done by the toxicoproteomics research.

Individual

genotype, lifestyle, agend exposure history are taken into 5
account when determining the toxicogenomic response to
environmental exposures. The extent to which these factors

can affect the balance between healthy andheaithy state
can be assessed by the toxicogenomics stlidsough the

6.

global monitoring of genetic reactions with therapeutically7

and environmentally relevant dessgimens,

toxicogenomics will strengthen the relevance of toxicology.
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