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ABSTRACT

Arsenic continues to poison the drinking water of thousands across the globe. Numerous studies have
evaluated the carcinogenic potential of lifetime exposure and also the ill effects of prenatal exposure.
Population Studies have revealed the strong correlation between the development of skin, bladder, kidney
and lung cancer and arsenic exposure in endemic areas. Although the adult exposure outcomes continue to
be evaluated, the prenatal exposure aspect is neglected in most studies. Our study aims to explore the co
carcinogenic effect of prenatal arsenic exposure. Most experiments conducted so far in this topic utilizes
models of adult exposure and very few studies have reported association of prenatal exposure to any type
of carcinogenesis. This study will address the underlying mechanisms behind this association. The
knowledge derived from the study can be used to develop or design early life detection markers for in utero
arsenic exposure and the anomalies that may ensue.

Keywords-Arsenic, in utero, biomethylation of arsenic, tumor, carcinogenesis, prenatal.

1. Introduction levels surpassing this limit have been identified in
drinking water sources in areas all over the world
viz. India, Vietnam, The United States, Bangladesh,
Mexico and Chile.

Protracted exposure to inorganic arsenic can lead to

This Inorganic arsenic compounds are one of the
most frequent pollutants found in water throughout
the world specially Southern America and South-

East Asia that have high levels of inorganic arsenic
contamination in groundwater. Arsenic compounds
are ecological and professional health hazard when
their occurrence in the environment is augmented
because of natural or anthropogenic sources.
Arsenic compounds are chief components which are
used mainly in the production herbicides,
insecticides  and  fungicides.  While  the
recommended limit of arsenic compounds in
drinking water as prescribed by World Health
Organization (WHO) is 0.01 ppm (WHO 2006),

increased risk of several forms of cancer and
numerous non-cancerous ailments such as various
skin diseases, chronic cough, diabetes and lethal
effects on peripheral and central nervous system,
liver, cardiovascular system and kidney. Arsenic is
also potentially poisonous to the evolving foetus as
it also easily crosses the blood placental barrier. As
proposed by recent studies, arsenic exposed
residents from across the world exhibit reduced
foetal growth, lower birth weight, foetal mortality
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and other antagonistic pregnancy results (Ahmad et
al. 2001; Hopenhayn-Rich et al. 2000; Hopenhayn
et al. 2003; Kaltreider et al. 2001; Kwok et al. 2006;
von Ehrenstein et al. 2006; Yang et al. 2003).Novel
work conducted by the Waalkes lab has revealed
numerous adverse effects of in utero arsenic contact
and also has thrown light on the mechanisms
relevant to the developmental toxicity of arsenic.
They have established that mice exposed
transplacentally to inorganic arsenates have
transformed levels of manifestation of tumor
suppressor genes, oncogenes and stress related
genes all over their lives as adults (Waalkes et al.
2004). In humans, research in arsenic pervasive
zones showed different inflammatory signalling
pathways governed by NF-kB and metal regulatory
transcription factors in the individuals who were
prenatally exposed (Fry et al. 2007). A dose
response affiliation has also been detected amid
arsenic exposure and hypertension, type 2 diabetes
mellitus and a range of non- cancerous end points
(Lai et al. 1994; Rahman et al. 1998; Rahman et al.
1999a). Even though the vulnerability to ailments is
contingent on quite a lot of variables comprising of
history of alcohol intake, cigarette smoking,
personal and family history of major diseases,
obesity and lack of physical activity; the theory
supporting parental origin of the ailment should not
be abandoned. Low birth weight and gestational
diabetes have been associated as strong risk factors
leading to the progress of adult onset diabetes and
hypertension. Some epigenetically controlled genes
affecting metabolism in the adult have also been
linked to onset of obesity and diabetes in individuals
(Herrera et al. 2011; Martinez et al. 2012a; Slomko
etal. 2012).

There are documented evidence of arsenic exposure
inducing loss of DNA methylation and alterations in
other epigenetic regulatory mechanisms such as
histone modifications(Cronican et al. 2013) and
MIRNA expression both in vitro and in vivo. The
abnormal methylation forms are related to
malignant alteration of cells in numerous tissue
categories. But these patterns are not consistent and
several factors like organic samples used in the

experiment, the markers used for valuation of effect
of variation of the results and dietary folate
consumption (Hall et al. 2007). There are abundant
indications of epigenetic regulation over individual
metabolism, particularly intermediate metabolism.
The methylation position of these regulatory genes
can be assimilated over time or programmed
prenatally. The phases of primordial germ cell
development and following foetal growth are for the
most part susceptible to ecological abuses which
may modify the epigenetic landscape of these cells.
Skin and other tissues rich in keratin are a major
target organs of arsenic. It has been reported that
inorganic arsenite acts as a co- carcinogen with
solar ultraviolet radiation in mice when exposed
lifelong as adults. However, prenatal exposure to
arsenic may also have profound effects on the
development and progression of several skin
malignancies including squamous cell carcinoma
which, according to numerous population studies, is
very common in endemic areas.

For multi-stage chemical carcinogenesis, mouse
skin model classifies as one of the best in vivo
models. They are used to study sequential and
stepwise tumor development. This model is also
used to study novel techniques for the prevention of
skin cancer and also the variations in genetic
background and manipulation during initiation,
promotion and progression of tumor.

In this, initiation and promotion stages can be
specifically  distinguished  operationally and
mechanistically. An added benefit of this model is
that the tumor progress can be easily examined
visually throughout the mouse’s life span. At the
time of termination of study or when sacrifice of
animal is required, only then tissue harvest and
pathological analysis are required (Abel et al. 2009).

1.1 Arsenic

An Arsenic is the twentieth most abundant naturally
occurring element in the Earth’s crust. It is
chemically categorized as a metalloid, having
properties of metal and non- metal. Inorganic
arsenic is generally found combined with elements
like oxygen, chlorine and sulphur, whereas organic
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arsenic is found in combination with carbon and
hydrogen. Most arsenic compounds have no smell,
taste and are white or colourless powders that do not
evaporate (Giberson et al. 1976). Arsenic is
ubiquitous element found in the soil, rocks, natural
waters, atmosphere and organisms. It does not
deteriorate and persists in the surroundings. Various
forms of arsenic are arsenic [As(0)], arsenite
[As(Il)], arsenate [As(V)] and arsine Gas. The
factors on which the toxicity of arsenic depends are
its form (organic or inorganic), valence state,
physical state, solubility and rate of absorption and
elimination. Inorganic arsenic has higher toxicity as
compared to organic arsenic. The rapidly absorbed
forms of arsenic have high toxicity, whereas rapidly
eliminated forms tend to have low toxicity (Stockert
et al. 1975).paragraph.

1.2 Occurrence and Use of Arsenic

All Arsenic is found naturally in the earth’s crust,
soil and in variety of rocks, particularly in minerals
and ores that have copper or lead. It exists at an
average concentration of approximately 5 mg/kg of
the earth’s crust (WHO 2006). Natural and
anthropogenic sources, both are the means of
release of arsenic in the environment. Arsenic
occurs as a component in more than 200 minerals,
though it mainly exists as arsenopyrite and as a
component in several other sulfide minerals. The
arsenic enters the environment via ground water,
geothermal vents and mineral ore. Local bedrocks
and arsenic-rich geothermal fluids are the reason for
the contamination of the water and soil. Arsenic-
containing bedrock establishments are found in
Bangladesh, eastern India and regions of China.
Where humans are concerned in causing arsenic
pollution, the cause can almost always be traced
back to mining and commercial uses.

In industry, smelting process (separation of metal
from rock) gives arsenic as a byproduct for many

metal ores such as gold, cobalt, nickel, lead and zinc.

During smelting, most of the arsenic enters the air
as a fine dust as arsenic trioxide (As203). Earlier,
arsenic was utilized in manufacturing of paints and

dyes for paper, clothes and wallpaper (Stockert et al.
1975)

Inorganic arsenic was primarily used as pesticides,
insecticides, herbicides, algaecides and fungicides.
It is also a contaminant of moonshine whiskey
(Murunga, Zawada 2007). Some organic arsenic
compounds, like disodium methylarsenate (DSMA),
monosodium  methylarsenate  (MSMA) and
cacodylic acid and are also used as pesticides.
Organic arsenic compounds are also the component
in animal feed (NAS 1977). Many wood structures
such as decks and playgrounds are treated with
wood preservative which contain copper-chromate-
arsenate that gives greenish color to the wood.
Elemental arsenic are added in small amounts to
other metals to form alloys with improved
properties (Albores et al. 1996). Arsenic is primarily
used in lead-acid batteries for automobiles.
Currently in the electronics industry, arsenic is
extensively used as modules in semiconductor
devices and light-emitting diodes. Gallium arsenide
is used in integral components of light-emitting
diodes, semiconductor devices, photoelectric
chemical cells, lasers and discrete microwave
devices. Arsine gas, the most toxic arsenical is
accidently encountered in metallurgical and mining
processes is utilized in the microelectronics industry.
Other sources of arsenic are glass manufacturing,
purifying industrial gases (removal of sulfur), coal-
fired power plants, hardening metal alloys and
desiccants used in mechanical cotton harvesting.
Arsenic has been used medicinally in various forms
such as a component in induction and consolidation
chemotherapy used for acute promyelocyticl-
eukemia and other types of cancers (Hu et al. 2005;
Miller et al. 2002). It is found in some traditional
medications in various Asian countries (Chan 1994;
Garvey et al. 2001). It is also found in some
homeopathic or naturopathic therapies (Kerr and
Saryan 1986). Also 1% arsenic trioxide, which is
called “Fowlers solution,” was historically used to
treat stomatitis, leukemia and skin conditions for
example eczema and psoriasis. The use of Fowler’s
solution resulted in skin cancer which led to
remarkable decline in the use of arsenic in
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medicines (Klein et al. 2007). Arsenic is found in
sea foods, specifically bivalves (scallops, oysters,
mussels, clams), crustaceans (lobsters, crabs), and
few cold water and bottom feeding seaweed/kelp
and finfish (Rose et al. 2007)

Elevated concentration of arsenic in groundwater is
also due to improperly disposed arsenical chemicals,
mining, agricultural runoff and contamination from
runoff from wood preservatives containing arsenic
(Klein et al. 2007).

Countries where arsenic toxicity from natural source
of contamination in water have been reported are.
Argentina, Bangladesh, Bolivia, Canada, Chile,
China, Germany (Bavaria), Ghana, Greece,
Hungary, India, Japan, Mexico, Mongolia, Romania,
Spain, Taiwan, United States, Vietnam (NRC 2001;
ATSDR 2007).

1.3 Routes of Exposure for Arsenic

The World Health Organization (WHO) has laid
down acceptable limit of 10ug/l (WHO 2006) for
drinking water. Contaminated drinking water
sources throughout the world have been identified
with the levels that exceed the limit. The type of
arsenic present in drinking water sources will differ
according to its air exposure. Arsenite (arsenic I11)
is chiefly found in deep wells and arsenate (arsenic
V) in surface.

The major routes of arsenic entrance into the body
is through inhalation and ingestion (Garvey et al.
2001). At a low level, dermal absorption of arsenic
happens (Albores et al. 1996). Exposure dose is the
aggregate of exposures through all routes. Main
sources of inhaled arsenic come from the air
releases from glass manufacturing operations,
smelters, burning of fossil fuels that contain arsenic,
pesticide manufacturing facilities, cotton gins,
tobacco smoke (Klein et al. 2007), burning material
having arsenic as a wood preservative (Aposhian et
al. 2004), etc..

In the workplace, arsenic trioxide is the most
common airborne arsenic which is encountered
(NRC 1986). Smaller particles that are inhaled are
deposited deeply in the respiratory tract. Elements
that get accumulated in the upper airways gets

swallowed and absorbed in gastrointestinal tract
(Yip and Dart, 2001). In gastro-intestinal tract,
about 95% of the consumed dose of soluble trivalent
arsenic compounds is absorbed from the
gastrointestinal (GI) tract (Klein et al. 2007).
Arsenic also elicitate the likelihood of exposure to
fetus as it can cross the placental barrier (Lugo et al.
1969). Inorganic arsenic has a half-life of 10 hours
in humans (Klein et al. 2007). In liver,
biomethylation of arsenic occurs and roughly 70%
is excreted, primarily through urine (Klein et al.
2007).

a. Distribution

Arsenic gets absorbed by lungs or gastrointestinal
tract and is extensively circulated in the body by the
blood (ATSDR 2007). It is rapidly cleared by most
of the tissues in the body except from keratin-rich
tissues such as skin, nail, hair and in very small
quantity in teeth and bones (Lansdown 1995).

b. Metabolism

After absorption of arsenic in the blood stream, it is
taken up by white blood cells (WBC), red blood
cells (RBC) and various cells which reduce the
arsenate to arsenite (Winski and Carter 1995; Wang
et al. 1996). Reduction of arsenate (As V) into
arsenite (As Ill) is required to occur before
methylation which involves glutathione (GSH)
(Miller et al. 2002; Vahter et al. 1983). In the liver,
some amount of arsenite (As Ill) is methylated by
Sadenosylmethionine (SAM) which enzymatically
transfers the methyl group from to methyl arsinate
(MMA V) and dimethyl arsenate (DMA V) which
are easily excreted (Aposhian et al. 2004; Yoshida
et al. 2004).

Earlier, methylation was considered the main source
of arsenic detoxification, however recent studies
have shown various detoxification processes like
resistance to apoptosis, antioxidant defenses or
transport (Aposhian et al. 2004; Vahter 2002;
Yoshida et al. 2004). Also some studies have put
forth that the methylation process of inorganic
arsenic instead of being a detoxification pathway,

Shagun Shukla et al IMSCR Volume 05 Issue 07 July 2017

Page 25111




may be a toxification process as methylated arsenic
(1) metabolites, predominantly monomethyla-
rsonous acid (MMA I11) and dimethylarsinous acid
(DMA 111), have potency to interact with cellular
targets like DNA and proteins (Kitchin 2001). At
high doses of arsenic, the methylation efficiency
appears to decrease in humans. It is seen that
methylated arsenic species patterns in urine are
alike among siblings and parents suggesting that
methylation of arsenic is genetically linked (Chung
et al. 2002). Due to the increase in methylation
capability of liver, increased levels of exposure to
inorganic arsenic results in more accumulation in
soft tissues.

c. Excretion

Arsenic in a monomethylated and dimethylated
form is mainly excreted in urine via kidneys. The
excreted dimethylated arsenic is roughly 50% and
monomethylated is nearly 25% and the remaining is
inorganic (Buchet et al. 1981). MMA V and DMA
V, the pentavalent metabolites have low toxicity as
compared to arsenite or arsenate (Marafante et al.
1987). An issue of National Health and Nutrition
Examination Survey 2003-2004 on urinary arsenic
suggests that as the total arsenic in the urine
increases, there is increase in the percentage of
methylated forms and as the total arsenic levels
decreases in urine, inorganic arsenic is the leading
element (Caldwell et al. 2009). Arsenic level in
blood may be normal due to its rapid clearance from
blood, but the levels in urine may still be high
(ATSDR 2007). Other routes of inorganic arsenic
elimination from body are feces, sweat, skin
desquamation and incorporation into nails and hair.

1.4 Target Organs
a. Gastrointestinal and Hepatic Effects
The gastrointestinal (GI) effects of arsenic exposure
are mainly due to ingestion whereas heavy exposure
through other routes may also occur.
e Gl lesion seems to increase the permeability
of the small blood vessels which results in
loss of fluid and hypotension.

e Development of hemorrhagic gastroenteritis
with bloody diarrhea.

e Mucosa and submucosa of stomach and
intestine may have extensive inflammation
and necrosis and may perforation of the gut
wall.

e Raised liver enzyme levels may result in
toxic hepatitis.

e Cirrhotic portal hypertension and non-
cirrhotic portal hypertension (Datta 1976);
(NRC 2001); (IARC 2004); ATSDR 2007).

e Chronic high-level arsenic exposure may
cause a rare form of liver cancer, hepatic
angiosarcoma, (Popper et al. 1978; Zaldivar
et al. 1981; ATSDR 2007).

b. Renal Effects
Renal toxicity due to arsenic exposure may lead to

e Acute tubular necrosis resulting in acute
renal failure (Giberson et al. 1976).

e Chronic renal insufficiency due to cortical
NEcrosis.

e Hypotensive shock, myoglobinuric or
hemoglobinuric tubular injury, tubule cells
enjury.

e Proteinuria due to glomerular damage.

c. Respiratory Effects
Inhaling large amount of arsenic compounds results
in
e Irritation, inflammatory and erosive lesions
of the respiratory mucosa and nasal septum
perforation.
e Lung cancer is observed in pesticide workers
and smelter workers (ATSDR 2007).

d. Dermal Effects
Dermal effects seen on chronic arsenic exposure
may be

e Pigmentation changes and palmoplantar
hyperkeratosis.

e Hyperpigmentation, hyperkeratosis and skin
cancer are the most commonly occurring
skin lesions.

e Benign arsenical keratoses may advance to
malignancy.
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e Patchy hyperpigmentation is found on
eyelids, axillae, neck, nipples extending to
abdomen, chest and back.

e Hyperkeratosis due to arsenic mostly occur
on palms and soles (ATSDR 2007).

e. Hematopoietic and Hematologic Effects
Arsenic intoxication may distress the hematopoietic
system

e Reversible bone marrow depression may
occur along with pancytopenia.

e Anaemia and leukopenia may occur which
are often accompanied by mild eosinophilia
and thrombocytopenia.

e The anemia may be of two types-
normocytic or macrocytic (Kyle and Pease
1965; Selzer and Ancel 1983).

f. Reproductive Effects

Arsenic being a reproductive toxicant and a
teratogen gets freely transmitted across the placenta,
and the concentrations in the maternal blood and
cord blood are similar (Shalat et al. 1996). Due to
arsenic exposure, there is increase in frequency of
congenital  malformations and  spontaneous
abortions. The incidences of malformations was
found to be twice the ordinary rate and that of
multiple malformations was amplified by fivefold
(Nordstrom et al. 1979).

1.5 Mechanism

The consequences of prolonged exposure to
inorganic arsenic include increased risk for various
types of cancer and several non-cancerous effects
such as chronic cough, skin diseases, diabetes, and
toxic effects on kidney, liver, peripheral and central
nervous system and cardiovascular system. Long
term exposure to inorganic arsenic increases the risk
of various types of cancer; including lung and
prostate cancer in adult males. Because it readily
crosses the blood placental barrier, arsenic is also
potentially toxic to the developing fetus (Perez et al.
2003). Recent studies have suggested reduced fetal
growth, lower birth weight, fetal mortality and other
adverse pregnancy outcomes in arsenic exposed
populations from across the globe (Ahmad et al.

2001; Hopenhayn-Rich et al. 2000; Hopenhayn et al.
2003; Kaltreider et al. 2001; Kwok et al. 2006; von
Ehrenstein et al. 2006; Yang et al. 2003). Arsenic
targets a vast range of enzyme reactions affecting
almost all organ systems, but the most profound
endpoint is dermal effects (ATSDR 2007). Skin and
lung have strongest association between cancer and
chronic arsenic exposure as compared to Liver
(angiosarcoma), kidney, and other cancers (IARC
2004; NRC 2001).

Arsenic being a small molecule can easily enter in
the cell and can result in cell injury and death by
various mechanisms. Arsenic toxicity is well
understood by its interference in cellular respiration
by the following mechanisms:

e Arsenic, especially As (Ill) disrupts the
enzymes containing sulfhydryl by binding
with the sulfhydryl groups. Due to the
critical enzyme effects, there might be
decrease in oxidative phosphorylation,
inhibiting the pyruvate oxidation path and
the tricarboxylic acid cycle and reduced
gluconeogenesis

e Replacement of As (V) in place of
phosphorus in  numerous biochemical
reactions such as arsenite inclines to bind to
dithiol groups but do not compete with
phosphate. Substituting the less stable As
(V) anion to more stable phosphorus anion
in phosphate results in quick hydrolysis and
loss of high energy phosphate bonds in
molecules like ATP which halts the
mitochondrial respiration (Klein et al. 2007).

e Specific binding of arsenite to thiol group-
having hormone receptors blocks the
binding of steroids (Kaltreider et al. 2001,
Lopez et al. 1990). It is assumed that
arsenic’s capability to bind and inhibit
insulin receptor may lead to diabetogenic
effects (Klein et al. 2007).

Carcinogenesis induced by arsenic is seen to have
different mechanisms in varying types of tissues.
The modes of arsenic carcinogenesis are genotoxic
which involve of gene amplification, chromosomal
abnormalities and oxidative stress vs. non-
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genotoxic like altered enhanced cell proliferation,
altered growth factors, DNA repair and promotion
of carcinogenesis (Kitchin 2001). It is observed in
studies for genotoxicity, that arsenic obstructs DNA
repair, induce  sister-chromatid  exchanges,
chromosomal  aberrations, and  micronuclei
formation (Barrett et al. 1989; Hartmann and Speit
1994; Jha et al. 1992; Vega et al. 1995; Wang et al.
1996). They have also been considered as co-
mutagens and promoters for a range of toxic agents
(Huang and Lee 1998; Tchounwou et al. 2003).
Arsenic does not react with the DNA or cause
mutations in genes directly. Thus it is also termed as
non-clastogenic. However, it causes chromosomal
damage and gene amplification at lower doses and
increases mutagenesis of other agents by inhibiting
DNA repair mechanism. Arsenite interferes with the
regulators of DNA repair instead of the repair
enzymes as DNA repair enzymes are not sensitive
to arsenite inhibition (Kaltreider et al. 2001).
Arsenite do not prevent spindle fiber formation, in
its place, it accelerates the microtubule
polymerization and disrupts the spindle apparatus. It
is observed in rat liver epithelial cell line TRL 1215
that arsenite-induced malignant transformation was
linked to decreased DNA methyltransferase process,
global DNA hypomethylation and activation
(overexpression) of the c-myc, a proto-onco gene
leading to abnormal gene expression suggesting the
carcinogen nature of arsenite (Zhao et al. 1997).
Aneuploidy is also one of the results of arsenic
toxicity. On human lung A549 carcinoma cells,
contrasting results of DNA methylation were seen
which increases CpG methylation in p53 promoter
which blocks p53 gene transcription (Mass and
Wang 1997). The p53 gene plays significant role in
controlling DNA repair, apoptosis and cell cycle
control as it is a crucial tumor- suppressor gene
(Abernathy et al. 1999).

1.6 Prenatal arsenic exposure and health effects

Prenatal and early-life exposure to inorganic arsenic
and subsequent health effects represents a global
health issue yet is one that is understudied.
Inorganic arsenic has toxic effects on the

developing fetus in which even fairly modest levels
have been associated with detrimental birth effects.
Such consequences of exposure comprise of
decreased birth weight, decreased chest and head
circumferences (Tofail et al. 2009) along with
higher risk of infection in infants (Farzan et al. 2011;
Rahman et al.). Retrospective cohort investigations
have emphasized that in addition to the immediate
health effects, early-life exposure to inorganic
arsenic is linked to adult diseases including both
cancer and non-cancer endpoints (Dauphine et al.
2001; Naujokas et al. 2013)

Parental origin of adult onset diseases is an
emerging hypothesis with strong epidemiological
data to support it. However, a mechanism pertinent
to control of these disease outcomes is still being
explored and is a thriving area of research. Aberrant
methylation following prenatal arsenic exposure is a
widely accepted phenomenon. Recent studies of in
utero arsenic exposure have suggested that
methylation alterations take place in umbilical cord
blood leucocytes of infants (Cardenas et al., 2015;
Kile et al. 2014; Koestler et al. 2013). Population
studies also reveal the correlation of arsenic
exposure and metabolic disorders in adults (Rahman
et al. 1999b). There are, however, evidences that
support the prenatal origins of various risk factors
(including obesity) (Kim et al. 2011; Martinez et al.
2012b; Slomko et al. 2012) that render an individual
exceptionally more susceptible towards metabolic
syndromes. Many workers have linked prenatal
arsenic exposure and the ensuing aberrant
methylation to increased risk of cancer in adulthood
(Bailey and Fry 2014; Laine et al. 2014; Steinmaus
et al. 2014) but the non-cancer endpoints for the
exposed individuals are ill explored.

Over 100 million people worldwide, including
pregnant women and their unborn children, are
exposed to levels of inorganic arsenic (inorganic
arsenic) in their drinking water that exceed the
World Health Organization’s recommended limit 10
Mg As/l and are considered detrimental to human
health (Uddin and Huda 2011); WHO, 2006). Long-
term exposure to inorganic arsenic is associated
with the development of diverse chronic health
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conditions in adults including neurological effects,
peripheral vascular disease, diabetes mellitus,
cardiovascular disease and cancers in several organs
including the liver, lungs, skin, urinary bladder and
prostate (Gibb et al. 2010; Rahman et al. 2009) .
Exposure to high levels of inorganic arsenic during
pregnancy is also associated with significant risks to
fetal and maternal health along with increased rates
of preterm birth, spontaneous abortion, stillbirth,
decreased size at birth and decreased birth weight
(\Vahter 2009). In addition, prenatal and/or early
childhood exposure to inorganic arsenic s
associated with delayed health effects, together with
increased rates of mortality in young adults for both
noncancerous diseases and cancers (Farzan et al.
2013). Previous studies have shown that newborns
exposed to inorganic arsenic in utero have amplified
level of expression of pro inflammatory genes at
both the transcriptional level and protein level in
umbilical cord blood. There is also substantial
evidence that in utero inorganic arsenic exposure
can act as an immunosuppressant which is related to
increased mortality and morbidity and decreased
thymic index in infants (Ragib et al. 2009; Rahman
et al. 2010; Hamadani et al. 2010). Altogether it is
suggested that in in utero inorganic arsenic exposure,
it acts as an immunomodulatory agent (Bailey et al.
2014; Raqib et al. 2009).

The multi-stage chemical carcinogenesis in mouse
skin model is the best way to represent in vivo
studies both sequential and stepwise tumor
development. In this model, initiation is induced by
the single dose of a carcinogen like, 7,12-
dimethylbenz[a]-anthracene (DMBA) followed by
the doses of a tumor promoting agent like phorbol
ester, 12-Otetradecanoylphorbol- 13-acetate (TPA),
which is applied repeatedly. During the initiation
step, mutations occur in the epidermal keratinocytes
genes due to chemical mutagen exposure. Generally
DMBA is applied topically and its effect is
irreversible but the visible tumors appear only after
the application of a promoter. The primary target
gene for the mutation in the initiation stage is Hrasl
gene by inducing a transversion in codon 61, A— T

(182) and the primary target at cellular level are the
keratinocyte stem cells.

The mutated cells population is expanded clonally
by the application of a promoting chemical agent or
by wounding. This results in a sustained epidermal
hyperplasia demonstrated by the increase in the
nucleated cell population and the thickness of the
epidermis. The concluding effect of the experiment
is the development of papillomas which are
outgrowths of the skin. Papilloma comprise of a
stromal core bounded by hyperplastic epidermis.
Various promoting agents are structurally and
mechanistically diverse in their mode of action.
Increased epidermal thickness, increased DNA
synthesis, basal keratinocytes proliferation and
infiltration of inflammatory cell are the immediate
markers for tumor promotion (Abel et al. 2009).
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