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Abstract

Owing to widespread groundwater pollution, arsenic is
one of the most extreme worldwide ecological toxicants
and induces cytotoxic activity and other chronic
diseases for millions of people and also animals.
Because of geologic and anthropogenic activities,
arsenic pollution is widely spread. Long-term toxicity
caused by arsenic can lead to the development of
arsenicosis related to skin lesions, hepatomegaly,
splenomegaly, cognitive dysfunction, cardiovascular
and peripheral vascular disease, hypertension,
diabetes mellitus, hepatic fibrosis and hematological,
gastrointestinal, immunological, endocrine and multi-
cancer neurological disorders.

Till date no effective treatment or medicine is available
in global market to prevent arsenic induced toxicosis.
Only use of safe water and well nourished foods can
help to prevent further exposure. Recently, chelation
therapy is recognized as a good remedial action to
reduce and to eliminate the acute arsenic toxicity

Keywords: Arsenic, chronic arsenic exposure, skin lesions,
carcinogenesis, arsenic health effects, chelation therapy.

Introduction

Contamination of natural environments by heavy metals has
currently become a global concern for the environment®! and
such an issue has emerged in developing nations of the long-
term overuse of contaminated irrigated drainage, resulting in
increased accumulation of heavy metals in the soil*#1. Heavy
metals like copper, zinc, iron, manganese etc. are necessary
for plant metabolism as micronutrient elements and play a
key role in monitoring various metabolic and signaling
pathways, but heavy metals have a detrimental impact on
plant morphology, physiology, biochemistry?425384586 at
elevated concentrations and also decrease biomass
accumulation®222687 as a consequence of unfavorable
effects upon key metabolic processes such as
photosynthesis®®, mineral nutrition” and interaction with
water®®, These heavy metals can also cause cell toxicity
because of the generation of oxidative stress?52:6472.75,

Arsenic is not heavy metal but one of the most extreme
environmental toxicants in the world and generated ROS
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such as superoxide radical (O2 "), hydroxyl radical (OH) and
hydrogen peroxide (H20>) in different cell frameworks®® and
causes oxidative stress®® bringing about cell damage by
enacting oxidative flagging pathways. It is a naturally
occurring metalloid ubiquitously found in both organic and
inorganic forms. Arsenic contamination is widespread due
to geologic and anthropogenic activities'”18, Drinking water
where the concentration may vary from 0.01mg / 1to 4.0 mg
/ 1 is one of the most common sources of arsenic poisoning.
Recently, the concentration of arsenic in drinking and other
sources of water has also risen as a result of industrial or
agrochemical discharge and is also present in many food
varieties.

In corn, carrots, onions and potatoes, large levels of arsenic
are also reported. Rice from India and Bangladesh has a high
percentage of inorganic arsenic (80%) as compared to the
USA (42%), which is possibly dependent on cultivation and
growing conditions. Accute arsenic toxicity has been
documented in many countries due to drinking arsenic-
contaminated water3%67.7% and associated with skin lesions
such as spotted melanosis, hyperkeratosis, leucomelanosis,
de-pigmentation of the raindrop, gangrenous arms,
hepatomegaly, splenomegaly, cognitive dysfunction,
stomach pain, shaking, salivation, vomiting, diarrhoea,
depression, anorexia, dehydration, stupor, cold limbs,
subnormal temperature®®, cardiovascular, cerebrovascular
and peripheral vascular (Black), hepatic fibrosis, circulatory
and nervous system symptoms, restrictive lung disease ,
hypertension, changes in pigmentation®, diabetes mellitus,
reproductive disease, ischaemic heart disease* and various
cancers such as cancers of the skin, bladder, lung , liver and
kidney’ in humans[Fig. 1] as well as chlorosis, necrosis,
root damage and changes in plant biochemicals including
antioxidant enzymes in plants.

The toxicity of arsenic compounds focuses very much on the
state of oxidation and the chemical composition of the
arsenic compounds. Pentavalent arsenic is less hazardous
than trivalent and is converted to trivalent with bio-
transformation.

In this study, the impacts of arsenic toxicity on human
health, biotransformation of arsenic and prevention are
illustrated. Till date, no effective therapy for the prevention
of arsenic-induced toxicosis is available on the global
market. To avoid more exposure, only the use of clean water
and very well-nourished food can support it.
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Fig. 1: Effect of arsenic on human health

Chelation therapy has recently been considered as a key
treatment for reducing and removing the symptoms of acute
arsenic exposure. In the present communication, we deal
with the effects of arsenic toxicity on human health,
biotransformation of arsenic and its prevention.

Sources of arsenic

Arsenic drinking water contamination is a serious problem
in the world. Inorganic arsenic is a natural component of the
earth's crust, widely dispersed in soil and water®®5 and
generally accumulated in mineral deposits containing sulfur.
Arsenic contaminated water that is used for agriculture can
prove harmful to plants through its absorption to the toxic
level*®3 and gets widely spread throughout the plant and
animal kingdom through the food chain and causes
ecological and health threats?. Six million people in India are
suspected of being exposed to arsenic polluted water (about
50ug / 1it)°>8283 while in Nepal, about 5 million people are
exposed to arsenic-contaminated groundwater.

Amongst the worst cases of environmental contamination is
the arsenic crisis in Bangladesh and approximately 25
million people are exposed to arsenic-contaminated
groundwater®, In Peru, Argentina, Thailand, Bolivia, China,
Cambodia, Chile, Vietnam, Mongolia and Japan, arsenic
contamination in drinking water has been identified3%5".

Metabolism of arsenic

Inorganic arsenic is absorbed from the skin and GIT, while
the lungs absorb arsenic gas. Nandi et al®® have stated that
the greatest proportion of arsenic accumulates in chronic
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arsenic ingestion in the lungs, gastrointestinal tract, liver,
kidneys, heart, muscles and nervous system respectively.
Inorganic arsenic in humans is found in monomethylarsonic
acid (MMA) and dimethyl arsenic acid (DMA), both of
which are less reactive and less cytotoxic to tissue
components and are more readily excreted in urine as a
biomarker of chronic exposure to arsenic®. Arsenic
biotransformation occurs primarily by MMA(V) and
DMA(V) enzymatically in the liver along with other
organs’s.

iAs(V) — iAs(IIT) — MMA(V) — MMA(IIT) — DMA(V)

Glutathione initially reduces the oxidation state of arsenic
from +5 to +3, after that iAs(lll) is methylated to form
MMA(V) by S-adenosyl methionine, which is subjected to
the second methylation through the intermediate metabolite
MMA(III) to form DMA(V)?. The activity of the two
methylations depends on the iAs / MMA and MMA / DMA
ratio. If the proportion of iAs / MMA is higher, the first step
results in poor methylation. Good methylation, on the other
hand, takes place if the ratio of MMA / DMA is poor. The
order of toxicity of arsenicals in arsenic biotransformation is
MMA(IID)>As(IIN)>As(V)> MMA(V)=DMA(V).

Thus, MMA(III) intermediate metabolite is extremely toxic
than other arsenicals which may be responsible for the
carcinogenesis and other effects caused by arsenic’™. It was
also noted that arsenic is coordinated with SH-groups of
several enzymes and hinders biochemical reactions,
coagulates proteins and blocks the production of ATPZ [Fig.
2].
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Fig. 2: Metabolism of arsenic in human beings

Effect of chronic arsenic exposure human and
animals

Arsenic is one of the most serious global environmental
toxicants due to the extensive contamination of groundwater
and causes carcinogenicity'!“® and other chronic diseases®®
to millions of people as well as animals®. Chronic ingestion
of inorganic arsenic (iAs) through drinking water and
airborne particles affects nearly every major organ and organ
system in the body and causes multisystem adverse health
effects like toxic hepatitis, chronic dermatitis with excessive
pigmentation and hyperkeratosis skin lesions like spotted
melanosis, hyperkeratosis, leucomelanosis, raindrop de-
pigmentation, gangrenous extremities, hepatomegaly,
splenomegaly, cognitive impairments, abdominal pain,
trembling, salivation, vomiting, diarrhoea, depression,
anorexia, dehydration, stupor, cold extremities, subnormal
temperature®,  cardiovascular, cerebrovascular  and
peripheral vascular disease, hypertension®, hepatic fibrosis,
effects on the circulatory and nervous system, restrictive
lung disease, diabetes mellitus, reproductive disease,
ischaemic heart disease*4, neurological effects, chronic lung
disease and multiple cancer like skin, bladder, lung, liver and
kidney cancer®” in humans and neuritis that ultimately
results in atrophy of the optic nerve and blindness*¢, gastro-
enteritis dehydration, diarrhoea, laryngitis characterized by
abdominal pain, dysentery, toxaemia, nervous signs in
animals, a sweet garlicky odour in breath and stool?®8
Death may occur within a few days and some times in less
than one hour®?,

Guha et al® also reported that chronic arsenic poisoning
leads to skin irritation and color changes, hair loss, nausea,
GIT disturbance and bone marrow depression, which cause
massive hemoglobinuria and acute renal failure. Skin
pigmentation of chronic arsenic toxicity is due to melanin
and commonly characterized as finely raindrop and multiple
forms which also stated arsenical keratosis, which occurs on
the palms, soles and trunk?®. Arsenic contaminated drinking
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water is also responsible for spontaneous abortion, infant
mortality and growth retardation in children®.

The chronic arsenic toxicity in cattle causes fibrosis which
is characterized by stiffness and asymmetrical enlargement
of hocks or other joints of the limbs™. Acute and sub-acute
arsenic toxicity in goat was characterized by increased heart
rate, respiration rate, diarrhea, stiff gait, lameness, tremor,
drooling of saliva, convulsion, congested mucous
membrane, paresis of limb and death’.

Dermatological effects: Skin lesions are one of the most
common symptoms of chronic exposure to arsenic at an
arsenic concentration of > 100ug / L that may appear within
a month or several years of exposure? resulting in keratosis,
melanosis, skin cancer, especially basal cell carcinoma and
squamous cell carcinoma, invasive squamous cell
carcinoma®. Melanosis which involves diffusion melanosis
(hyperpigmentation), spotted melanosis (spotted
pigmentation), non-melanoma (depigmentation),
leucomelanosis and hypopigmentation, is assumed to be an
early and much more frequent manifestation and exhibits a
distinctive pattern of the raindrop and occurs on the trunk of
the body, while keratosis is believed to be a sensitive marker
of a more advanced stage of arsenicosis?® which especially
appears on palm and sole in a different manner as a late
feature of arsenical-dermatosis and later on transformed to
squamous cell carcinoma.

Hypopigmentation (leucomelanos) also occurs but less often
than melanosis or keratosis. It was found that after
decreasing exposure for up to several years, the risk of skin
lesions did not decrease. Significantly increased risks for
basal cell carcinoma and squamous cell carcinoma have been
noted in the United States, where arsenic exposure is
typically lower*3,

Effect on the respiratory system and lungs: Chronic
exposure to inorganic arsenic as in form of particulate matter
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and by other pathways mainly affects the lungs and induces
inflammation of nasal mucosa, larynx, bronchi®*, pulmonary
insufficiency, rhino-pharyngo-laryngitis,
tracheobronchitis®, high chronic cough, lung cancer and
bronchopulmonary disease®=¢. Inorganic arsenic causes an
indirect genotoxic carcinogen of the lungs, skin and other
human internal organs due to DNA repair enzyme (DNA
ligase enzyme) inhibition, DNA methylation, tubulin
dynamics and mitosis intervention, induction of oxidative
stress, cell clone immortalization promotion.

For those who had arsenic-induced skin lesions and used
drinking water of high arsenic concentration (approximately
7500ug / 1), the prevalence odds ratio (POR) was increased
in comparison with those who had normal skin and used
drinking water of low arsenic concentration (approximately
50ug / 1)*64°, A noticeable dose-dependent linear trend in
mortality rate ratios (MMRs) for linear cancer has been
identified with increasing arsenic concentrations in drinking
water ranging from 170-800ug / L4

Effects on the nervous system: Severe neurological
disorders have been reported in children aged 6 to 10 years
and in adults with damaged cognitive and motor functions
caused by exposure to arsenic?”:32%6.81 Reversible peripheral
neurological dysfunction, behavioral changes, confusion,
disorientation, cognitive impairment, increased prevalence
of the cerebrovascular disease, in particular cerebral
infarction'® and long-term exposure causing peripheral
neuropathy are the negative impacts of chronic exposure to
arsenic-contaminated drinking water on the nervous system.
Based on a case study of a group of persons in China, it was
found that exposed persons with arsenic suffered from
different types of neurological disorders including irregular
distal sensation, decreased temperature and pressure
sensation, adiaphoresis (absence or lack of perspiration)
compared to normal persons®®.

Avatic hpropet, -
-

Res. J. Chem. Environ.

Cancerous activity of arsenic: Arsenic and its salts
including sodium arsenite, potassium arsenite, calcium
arsenite, copper arsenite, lead arsenite, copper aceto arsenite,
calcium arsenite and lead arsenate are the main ecological
toxicants causing carcinogenicity and other chronic
diseases® through the generation of ROS to millions of
people as well as animals, fostering oxidative stress’* and
may harm DNA. By changing the pattern of methylation,
cell-cycle dysregulation, angiogenesis stimulation, blocking
physiological apoptosis, cause various types of cancer such
as bladder, skin and lung®2340 [Fig. 3] and triggers MAPK
signal transduction pathways which altered the profile of
different gene expression through AAP-1 and NF-KB8.

In females, arsenic can impact malignancy development by
upsetting the role of estrogen receptors and suppressing the
signaling pathway of estrogen!?2l, Arsenic is surely a
potential metallo-estrogen® and contributes to cell
proliferation in the breast cancer cell line that reacts to
estrogen®, Epidemiological examinations have
demonstrated that long-term exposure to arsenic can result
in multiple cancers such as skin, bladder, prostate, lung, liver
and kidney!378,

Regardless of the high poisonous character of arsenic and its
salts, it has been utilized in medication for thousands of
years for the treatment of a variety of neoplastic sicknesses
particularly intense promyelocytic leukemia®, skin and
breast cancer®’. Stunning viability for the therapy of
hematological cancer, particularly acute promyelocytic
leukemia (APL) is one of the most malignant types of acute
leukemia and has appeared in countless clinical
preliminaries of As;Os. A few studies have indicated that
As,O3 assists with improving illness prevention® which can
be utilized as the absolutely most significant compound for
APL treatment.

Fig. 3: Effect of arsenic induced oxidative stress on different metabolic system
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It has likewise been reported that As,O3 has been utilized to
hinder cell development and induce apoptosis in humerous
human cancer cells including human promyelocytic
leukemia cells and breast cells®” and it is the most well-
known threat in females and is a significant reason for death
in the world. Prescribed dosages of 1 % aqueous solution of
As,;03 have additionally been accounted to contribute to a
remarkable remission of some forms of leukemia®. Arsenic
compounds alone or in association with other known
therapeutic agents such as cyclophosphamide, methotrexate,
doxorubicin, 5-fluorouracil, cisplatin, vinblastine, taxol,
taxotere, mitomycin C, have recently been reported to be
used in the treatment of primary and metastatic breast, lung,
ovary, colon, renal, non-small cell lung, prostate, head, neck,
central nervous system and bladder cancer.

It has additionally been viewed that few organic arsenic
compounds which are known to be significantly less harmful
or non-poisonous than inorganic arsenic are utilized as an
intense anticancer agent against strong tumors®’.

It has been indicated that As,Os is utilized at a specific
concentration to hinder cell development and prompt
apoptosis in a few human malignancy cells by interacting
gradually with the sulfhydryl (SH) group of several enzymes
such as glutathione and cysteine and inhibiting the
biochemical response. Enzymes and proteins having a
sulfhydryl (SH) group play an important role to detoxify
reactive oxygen species, generated by the toxicity of arsenic.

Prevention

Recognizing the severity of arsenicosis and other harmful
effects of arsenic among a significant percentage of people
worldwide, there is still no appropriate treatment or
medication available on the world market to date. The most
important and vital remedial action for chronic arsenic
toxicity (arsenicosis) is to use clean drinking water and well-
nourished food to avoid further exposure and to raise
awareness among sufferers of the adverse health effects of
arsenicosis and its prevention with dietary supplements.
Diets with low-protein, fat, vitamin and mineral diets affect
the biotransformation of arsenic that does not excrete arsenic
from the body and may increase the risk of skin lesions and
other malignant diseases caused by arsenic. The
micronutrients like calcium, iron and zinc also help to reduce
arsenic toxicity by interaction at the primary site of action.
Vitamin and antioxidant deficiencies increase the body's
reactive oxygen species (ROS) which can trigger tissue
damage and other adverse effects. It has been noted that
people who use highly contaminated water (about 400g/I)
with well-nourished food do not have skin lesions’.

Chelation therapy has recently been recognized as a
successful remedial action for reducing and removing the
acute toxicity of arsenic. This therapy is based on the
principle that ligand binds strongly with arsenic to form a
non-toxic and more soluble complex which excretes out
through urine. This therapy could remove large stores of
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arsenic from the body within hours. The most commonly
used chelating ligand for acute arsenic and other heavy metal
poisoning is 2,3- dimercapto propanol, which is
commercially known as British anti-lewisite (BAL), but due
to its toxicity, it is less commonly used. Presently, thiol
chelating agents such as DMSA (meso 2,3 — dimercapto
succinic acid), DMPS (sodium 2,3-dimercaptopropane-1-
sulfonate), MIADMSA  (monoisoamyl  meso-2,3-
dimercaptosuccinic acid) are more frequently used for the
treatment of acute and chronic arsenic toxicity. These
chelating agents form complexes with MMA(I11), which is
the most toxic intermediate arsenical in biomethylation and
also reduces oxidative stress generated by chronic arsenic
toxicity.

Conclusion

No treatment is available to prevent arsenic induced
toxicosis. Presence of arsenic cause many diseases including
cancer. But some type of cancer can be cured by arsenic.
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