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Abstract

Arsenic (As) is a colorless and tasteless naturally occurring metalloid found in water, air and soil. There are two forms of As,
i.e., inorganic and organic, the former form is of serious health concern. In Pakistan, mainly in southern and central parts, the
ground water level of As is very high (up to 100 ng/L) as against WHO limits (10 pg/L). In Sindh and Punjab, over 36 and
20% of population is exposed to As contamination. The population is exposed to As by poultry and animal products, drinking
water, fumes, dietary sources and dust with the highest concentration in seafood, mushrooms and rice. As alters the physiology
of the organs leading to various pathological disorders. This review deals with pathophysiology and clinico-histopathological,
immuno-pathological and toxico-pathological effects of As in birds and mammals. © 2014 Friends Science Publishers
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Introduction

Poultry industry is one of the most important livestock
sectors in Pakistan and is expanding very rapidly
particularly for the last decade (Javaid et al., 2012; Islam et
al., 2013). This sector has played a vital role in poverty
alleviation particularly in the rural areas by generating direct
or indirect employment for both male and female
community (Islam ez al., 2012). Poultry meat is contributing
about 19% of the total meat production in the country and is
providing affordable production of good quality nutritious
animal protein (Adzitey and Huda, 2012). However,
intensive poultry farming is still facing many infectious and
non-infectious problems like various diseases and different
forms of toxicity including arsenic toxicity (As) especially
in areas where ground water level of As is much high.
Heavy metal toxicity is one of the major abiotic stress
leading to hazardous effects on biota (Jabeen et al., 2012;
Javed, 2013). This is because heavy metals bio-accumulates
through water and food (Palaniappan and Vijayasundaram,
2009; Javed, 2012; Naz and Javed, 2013). As is a toxic
element widely distributed in nature, such as water and soil
(Tan et al., 2014). As is a semi-metallic element found in
soil, groundwater, surface water, air and various foods. As
occurs naturally in the earth’s crust with higher
concentrations in some geographic areas and in some types
of rocks and minerals (Duker et al, 2005; Anonymous,
2005). Inorganic and organic forms of As are present in the
environment, of these inorganic form is of serious health
concern (Lima et al, 2010). The arsenates
(Na,HAsO,.7H,0) are thermodynamically considered to be
more stable than the arsenites in underground and

oxygenated fresh water systems (Irgolic, 1982; Cui and Liu,
1988).

In Pakistan, mainly in southern and central parts, the
ground water level of As is very high (up to 100 pg/L) as
compared to WHO limits (10 pg/L). Studies conducted by
Wadhwa et al. (2013) indicated that As contents in drinking
water and food were found 3-15 folds greater than
permissible limits in southern parts of Pakistan. In Sindh
and Punjab, over 36 and 20% of population is exposed to As
contamination (Islam et al., 2009). The discharge of As in
the environment has resulted due to natural and
anthropogenic activities and is found in air particles, soil
and food (Wang and Mulligan, 2006; Wright and Belitz,
2010). The population is exposed to As by poultry and
animal products, drinking water, fumes, dietary sources and
dust with the highest concentration in seafood, mushrooms
and rice (Datta et al., 2012). Nutritional factors can alter the
host response to environment toxicants. Nutritious diet may
be able to inhibit or reverse the toxic mechanism of As,
whereas a diet with increased concentration increases the
susceptibility to adverse effects of As (Vahter, 2007;
Lindberg et al, 2008). This review deals with
pathophysiology and clinico-histopathological, immuno-
pathological and toxico-pathological effects of As in birds
and mammals.

Pathophysiology of As toxicity

Arsenic is a colorless, tasteless and naturally present
metalloid element found in water, air and soil (Han et al.,
2012). As is present both in organic and inorganic forms in
environment. Organic As compounds are mostly nontoxic,
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while inorganic As compounds are toxic which are mostly
found in surface and ground water (Feng et al., 2001; Lage
et al., 2006; Lima et al., 2010; Bartel et al., 2011). As enters
the body via diet and drinking water and its absorption
mostly occurs in small intestine. It is also absorbed through
inhalation and skin contact (Hertz-Picciotto and Smith
1993; Centeno et al., 2002).

Arsenic accumulates in almost all organs, mainly in
the liver (Cullen and Thomas, 2000) where biomethylation
of As takes place producing monomethylarsonic acid
(MMA) and dimethylarsinic acid (DMA) (Buchet and
Lauwerys, 1988). MMA and DMA disable many enzymes
which are involved in the cellular energy production and
repair or synthesis of DNA. As antagonizes phosphate
during ATP synthesis and also binds with sulthydryl groups
of numerous enzymes when in reduced form, which are
vital for cellular metabolism (Brouwer et al, 1992).
Individuals exposed to As have different nucleotide deletion
repair mechanism, thus altering the DNA repair process
(Andrew et al., 2006). Inorganic As is mostly present in
arsenite [trivalent {As(Il)}] and arsenate [pentavalent
{As(V)}] forms. These can be either methylated as MMA or
dimethylated as DMA. The inorganic As metabolism
comprises of reduction process in which two-electron
reduced from pentavalent to trivalent As and this reaction is
catalyzed by glutathione enzyme. By oxidative methylation
of MMA and DMA, pentavalent organic As is produced
(Jomova et al., 2011). The trivalent forms when react with
thiol groups become more toxic, while toxicity of the
pentavalent forms is less but hamper oxidative
phosphorylation. Almost all organs are affected by As
toxicity. Trivalent inorganic As binds with sulthydryl
groups  of  dihydrolipoamide  inhibits  pyruvate
dehydrogenase. As a result, transformation of pyruvate to
acetyl coenzyme-A (CoA) is reduced, citric acid cycle
activity is lessened and manufacturing of cellular ATP is
diminished. Trivalent As impedes several additional cellular
enzymes by binding with sulthydryl group. Trivalent As
hinders the uptake of cellular glucose, fatty acid oxidation,
gluconeogenesis, and additional production of acetyl CoA.
It also chokes the formation of glutathione, as a result
discontinues cellular oxidative damage (Flora, 2011).
Pentavalent inorganic As transforms into trivalent As and
thus produces toxicity. The important point is that,
pentavalent As bears a resemblance to inorganic phosphate
and alternates for phosphate in glycolytic and cellular
respiration pathways. As a result, formation of high-energy
phosphate bonds stop and separation of oxidative
phosphorylation takes place. In the company of pentavalent
As, adenosine diphosphate (ADP) produces ADP-arsenate,
as a result ATP and high-energy phosphate bonds of ATP
are vanished (Anonymous, 2012). Reduced state of trivalent
As combines with thiol groups of enzymes and proteins,
which hinder the catalytic activity of these enzymes
(Aposhian et al., 2004). Pyruvate dehydrogenase enzyme is
inhibited by As metabolites, which disturb the cellular
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energy production (Aposhian and Aposhian, 2006). This
disruption leads to discharge of an apoptotic inducing factor
from mitochondria, ultimately leading to cell death (Akay et
al., 2004). Pentavalent As replaces phosphorus in several
biochemical reactions. So instead of the production of stable
phosphorus anion, less stable AsV anion is produced
leading to hydrolysis of ATP. In citric acid cycle, As
hampers succinate dehydrogenase enzyme and compete
with phosphate to disengage oxidative phosphorylation, thus
obstructing mitochondrial respiration, reduction of NAD*
and ATP creation. For carcinogenicity, potential
mechanisms include genotoxicity, oxidative stress, altered
cell proliferation, altered DNA methylation, co-
carcinogenesis, and tumor formation (Saha et al., 1999;
Hughes, 2002; Flora, 2011).

Trivalent As inhibits many cellular enzymes by
binding with sulthydryl group. It also prevents the
gluconeogenesis, cellular uptake of glucose, fatty acid
oxidation and manufacturing of acetyl CoA. To reveal
oxidative stress, trivalent As stops the creation of
glutathione, which is a tool for protection of cells against
oxidative injury (Miller et al., 2002; Watanabe and Hirano,
2013; Wang et al., 2014). As also produces oxidative stress,
modifies monocyte superoxide anion formation and
prevents nitric oxide production (Flora, 2011). Arsenic
trioxide (As,O;) also inactivates endothelial nitric oxide
synthase enzyme, which reduces the formation and
bioavailability of nitric oxide. It also has been related with
prompting atherosclerosis, snowballing platelet aggregation
and decreasing fibrinolysis (Balakumar and Kaur, 2009).

Inorganic As in drinking water and food items has
been associated with lung and bladder cancers in several
countries including Pakistan (Wadhwa et al., 2013). As is a
carcinogenic metalloid based on the augmented incidences
of lung and skin cancer perceived. Inorganic As is
methylated in the body by changing reduction of
pentavalent As to trivalent and adding a methyl group from
S-adenosylmethionine. The prime site of As methylation is
liver, although most of the organs display As methylating
activity. The finished products are MMA and DMA. Their
reactivity with tissues is less and freely evacuated in the
urine, though, intermediates may be produced which are
further reactive. Arsenate (AsV) is quickly reduced in blood
to AslIIIL, which proposes high toxicity. There are indications
that subjects having less MMA in urine have faster removal
of ingested As in comparison with more MMA in urine
(Hossain et al., 2012). It is known that As toxicity is linked
to its chemical nature. As is incorporated by cells through
aquaporin (family of membrane channel proteins) in
animals, then it biotransforms and its metabolites can also
cause lesions of toxicity. So, the biotransformation of As
should be taken as a bio-activation pathway which causes
As toxicity (Ventura-Lima et al, 2011). Multidrug-
resistance proteins conjugate with As and eliminated by
glutathione peroxidase (GSH); however, researches reports
that the mechanisms of influx and efflux take place in
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mammals. As can disturbs signaling pathways in mammals.
It has been reported that As can encourage oxidative stress
in mammals and also some marine animals (Poersch et al.,
2006). As,O; has been reported to cause a substantial
extension of cardiac action potential length at many stages
of repolarization, creates conduction interruption and
amplifies triangulation (Raghu et al., 2009).

Clinico-pathology of As Toxicity

It is clear from Table 1 and 2 that various forms of As
produce a wide range of clinical signs at 0.05 to 300 ppm
dose. Toxicity signs also vary from species to species. The
As toxicity in chicken causes depression, ataxia, lameness
and stunted growth (Nandi et al., 2006; Sharaf et al., 2013),
body weight loss (Gur et al., 1989; Albert et al., 2008), less
feed consumption, loss of appetite, sour mouth, dullness and
neurological disorders (Halder et al., 2007). Not only in
birds but also in humans, As,O; causes various signs like
dullness, depression, increased frequency of defecation,
excessive salivation and keratosis (Table 1).

Valentine et al. (2007) reported ataxia with intense
muscle fasciculation succeeding to recumbency along with
bloody diarrhea in As intoxicated cattle. The beginning of
clinical signs was at least 12 h after the cattle had gained
entrance to the contents of old constructions used for
storage, and the greatest of deaths happened within 24 to 48
h after the appearance clinical signs. Rapid and severe
autolysis considered more than expected for the postmortem
interval.

Body weight lost up to 15% with high doses of MMA
has been reported. Diarrhea and respiratory distress were
recorded in rats and mice with the treatment of MMA and
DMA (Stevens et al., 1979). MMA was the major form of
As found in the blood plasma whereas DMA was present in
the kidney and liver tissues (Nandi ez al., 2006; Albert et al.,
2008).

Not only toxicity is observed but also some beneficial
effects of As have been reported. There was significantly
improvement in feed utilization and egg production in
Japanese quails with dietary addition of 50 and 100 mg/kg
of arsanilic acid; however, the concentration of As in the
tissues and feces in these birds was higher than in control
birds (Desheng and Niya, 2006). Broiler birds with feed
supplementation of 45.4 mg/kg roxarsone showed gradual
and significant development performance; however, a
significant As rise in liver was seen. Results advocated that
the part of roxarsone could be mainly to change the
manifestation levels of cell development, immunity and
metabolism of energy related genes, consequently
motivating animal development (Li et al., 2011). Mainly
there are two genes, i.e., PSAP and HNRNPD associated
with cell growth recorded during roxarsone treatment.
Prosaposin (PSAP) is the precursor of saposins, and the
sequential cleavage from the N-terminal region produces
four mature saposins, A, B, C and D (Hiraiwa et al., 1993).
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In the literature, it is evident that PSAP plays an active role
in preventing apoptosis, stimulating cell proliferation and
survival (Koochekpour et al., 2005; Li et al., 2011). Second
cell growth associated gene HNRNPD is known as
adenylate uridylate-rich (AU-rich) element RNA binding
protein 1 (AUF1), belonging to subfamily of ubiquitously
expressed heterogeneous nuclear ribonucleoproteins
(HNRNPs). It plays a role in regulating the stability of
mRNA by mediating the degradation of cytokine and proto-
oncogene mRNA (Moraes et al, 2003; Li et al., 2011).
HNRNPD can also increase the metabolism of lipids and as
a result affecting the cell growth. Two genes mentioned
above showed expression changes due to the supplement of
roxarsone, which suggests their involvement in animal
growth (Tschernatsch et al., 2006).

Toxico-pathological Effect of As

Arsenic causes both acute and chronic toxicities in a variety
of organisms (Table 1; Table 2). Toxic effects of inorganic
As included denaturation of cellular enzymes by interacting
with sulthydryl groups (Graeme and Pollack, 1998; Gebel,
2000) that results in cellular damage through increased
reactive oxygen species (ROS) (Wang et al., 1996; Ahmad
et al., 2000) and altered gene expression (Rossman, 1998;
Abernathy et al., 1999). The effects on cellular metabolism
have been reported to be distressing mitochondrial
respiration (Klaassen, 1996) and synthesis of energy
(Winship, 1984). Ellenhorn and Barceloux (1988) reported
that due to structural resemblance to phosphate, As replaces
phosphorus from bones.

Arsenic usually does not spare any organ of the body.
Toxic effects of sodium arsenate (22.5 ppm) in drinking
water of mice showed proximal tubular congestion and
atrophy along with glomerular swelling and interstitial
fibrosis and nephropathy (Yuping er al., 2000). Sodium
arsenite @ 13.5 mg kg™ also induced acute renal injury in
mice (Akihiko et al., 2004). Neurotoxicity in the brain of
mice treated with As,O; @ 2 ppm/day in drinking water
reported as loss of neurons, nuclei, vacuolation in Purkinje
cells and degenerative changes in cerebellar cortex
(Fengyun et al., 2005). Due to toxicity of As liver showed
vacuolation, congestion and condensed nuclei (Fig. 1),
whereas kidneys exhibited congestion, epithelial necrosis
and sloughing of tubular epithelium from basement
membrane (Fig. 2). Hemopoietic tissues also showed
pathological lesions (Yasmin et al., 2011). With the
treatment of As, intestines of broiler chicks showed
sloughing of epithelium from the villi and infiltration of
inflammatory cells between the crypts (Fig. 3).

In fish As toxicity is also a major problem where it has
rendered many pathological changes. As,O; has been
reported to cause apoptosis of fin cells (Wang et al., 2004),
hyperplasia and necrosis of liver (Pedlar et al, 2002),
inflammation, edema and fibrosis of gall bladder (Cockell ef
al, 1991), kidney fibrosis (Kotsanis and Iliopoulou-
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Table 1: Clinico-pathological effects caused by arsenic trioxide in various species

Species  Dose Signs Lesions References
Man Dullness, depression, defecation, salivation, Redness of gastric, intestinal and abomasal Jun et al. (2008)
keratosis mucosa, submucosal edema, epithelial
necrosis, fluid accumulation
Buffalo 50 mg/L water Despair, prostration, loss of weight, Anemia, Congestion and hemorrhage in Rana et al. (2008)

weakness, dehydration, anorexia, bloody intestine, liver and in kidneys, dermatosis
diarrhea, ruminal inertia, exhaustion, reddish
urine, dry dull rough, epilated hair coat and

anestrus
Fish 0.5, 10ppm Not Reported Apoptosis of fin cells, fibrosis of kidneys, Pedlar et al. (2002); Wang
gall bladder, hepatic vacuolization etal. (2004),
Saxena and Saxena (2007)
Rat 0.4, 4 and 40ppm Decrease water, feed intake and growth Hemorrhage in intestine, Hepatic steatosis, Nain and Smith, (2012)

fibrosis, renal tubular necrosis

5 & 10 mg/kg b.wt.  Food intake and body weight gain increased Maternal death, kidney and liver weight Holson et al. (2000)
decreased, stomach abnormalities (adhesions
and eroded areas)

10 ppm Decreased growth increased levels of As in blood, liver and Nandi et al. (2006)
kidneys
Loss of appetite, increased body Ataxia, muscle fasciculation progressing to Dwivedi et al. (2011)
temperature, decreased body weight recumbence.
Ducklings 100 mg/L of water ~ Depression, decrease body weight, reduced Not Reported Islam ez al. (2009)

feed intake, dullness and ruffled feathers

Georgudaki, 1999), and the generation of various heat shock LN ] Sl < "I P YT
proteins  (Kothary and Candido, 1982). Various ""' * gy N 2 8’ o !: ‘}{t %!
morphological changes, as well as increased number of Cag v P 1 o tans s i "o,‘ it o -
necrotic bodies and vacuolization in hepatocytes of fish has ’ ":- T5eb g ’r o8 ¢ W ey "":" ,,‘
been reported (Sorensen et al., 1985). N e ‘%‘ ? il ,,-}:" oLy ;‘\'j; 5r 3 N
Lymphoid organs are also not spared by As toxicity in oS ,“'w". ¥ g gt . ‘e ;
fish. Saxena and Saxena (2007) reported histopathological P ! S QL7 y ~ &1 % V’ 3
lesions in lymphoid organs such as hemorrhages along with ¢ [ AR 3 T o >
congestion and lymphocytic infiltration of liver and kidneys. ;D g . 8 , ~ p / e N "b 2N
Yadav and Trivedi (2009) found significantly increased 2T 4 og ‘ 2575 -~ . Sitaht s
frequency of micronuclei due to As toxicity in fish. The -l : ' Lo T Pr ./i »
reproductive effects in fishes include disruption of ovarian o “ Y e 4 ’J r— 3 ;‘; .
cell cycles (Wang et al., 2004), inhibition of follicle Dy ‘. g9 "; ¥ . Pua i o b
development, damaging spermatogenesis and degeneration < v W 5 T eRanSr s e

of testes (Shukla and Pandey, 1984).

Nemec et al. (1998) reported prominent clinical signs
in As intoxicated rabbits as loss of appetite, prostration,
constipation and ataxia, whereas, on necropsy there was
pale soft liver, molted kidneys, dark area in stomach and

Fig. 1: Liver of As treated broiler chicks showing
vacuolation (arrow), congestion and condensed nuclei
(arrow head). H & E. 200X (Mashkoor et al., 2013)

congested lungs. In Wistar male rats treated with As trioxide of the skin was observed (Gur et al., 1989).
histopathologically, myocardial selling, intestinal edema and Li et al. (2010) estimated the oxidative DNA damage
lymphocytic infiltration, fibroblastic proliferation and and pathologic changes in kidney tissue of mice treated with
myocardial necrosis in heart were noted (Sherif et al., 2005). As,O;. Histopathological lesions recorded as cell swelling,
As toxicity in mice exposed to As containing water at 30, tubular dilatation, lymphocytic infiltrations, loss of cell to
150 and 300 ppb resulted in histopathological changes that cell contacts and loss of brush border in the epitheliums of
were mild to severe type of necrosis and deteriorating proximal convoluted tubules. As intoxication resulted in the
alterations in liver and kidneys, splenocytosis and generation of ROS and led to cell injury or necrosis through
proliferation of connective tissues (Rubina ez al., 2008). the ROS signaling pathway. Reduction and vanishing of
Female mice exposed to 51 mg As/kg/day showed Bowman’s capsule were noted in the glomeruli, glomerular
decrease and increase in lymphocytes and monocytes, capillaries were dilated and hyperemic and there was
respectively. Non-neoplastic changes were observed in the mild cellular proliferation detected in the glomeruli.
urinary kidneys and bladder. There was an increase in the These pathological alterations might be associated to the
vacuolization of wurinary bladder. An increase in As-tempted rise in oxidative stress (Chakraborty et al.,
glomerulonephropathy, nephrocalcinosis and fibrosarcoma 2013). The proximal convoluted tubules and podocytes of
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Table 2: Clinico-pathological effects caused by sodium arsenate, sodium arsenite and other forms of arsenic in various
species

Arsenic type  Species Dose Signs Lesions References
Sodium Goat 25mg/kg  Gastrointestinal ~ and  renal Coagulative necrosis in kidneys, liver fibrosis, Biswas et al. (2000), Roy et al.
arsenate disturbance, 100% mortality pneumonia (2009)
Rat 0.05ppm,  Not Reported Necrosis and degeneration of bronchiolar Jadhav et al. (2007), Singh et
Sppm epithelium, liver fibrosis al. (2010), Ghatak et al. (2011)
Broiler 0.8 to 6.7 Decreased body weight, egg Not Reported Vodela et al. (1997)
ppm production, egg weight, more
embryonic mortality
150ppm Decrease feed intake, low Ecchymotic hemorrhages in heart, congestion Vodela et al. (1997)
weight gain, increase FCR and hemorrhage in liver, intestine, degenerative
spleen
Ducklings 30,100 and Decrease  growth, increase Liver congestion, necrosis and fibrosis, severe Camardese et al. (1990),
300 mg/kg  mortality, tremors and degeneration of brain Whitworth et al. (1991),
convulsions Hoffman et al. (1992)
Catfish 1 ppm Not Reported Wear and tear of Skin, sloughing of the epithelial Singh and Banerjee, (2008)
cells, degeneration of the club cells, mucous cells
hyperplasia and hypertrophy, vacuolization of
cytoplasm, DNA and RNA contents decreased,
Sodium Goats 50 mg/kg b. GIT ~ disorders and  renal Hemorrhagic and degenerative necrotic lesions, Biswas et al. (2000)
arsenite wt. insufficiency, 100% mortality, ~ proliferative pneumonia in lungs, hyperplastic
Goiter in thyroid and chronic proliferative lesions of
skin, As- residues in all organs and highest in liver.
Rat (male) 100 mg /kg Decreased feed and water intake Not Reported Yu and Beynen, (2001)
b. wt. and body weight gain, increased
liver weight
Albino 100 ppm  Not Reported Hepatomegaly, Splenomegaly, Jadhav et al. (2007)
Wister Rats
Rat Not Reported Inflammation of spleen, bladder carcinoma Kalia et al. (2007)
Mice 200 ppm  Not Reported Hepatofibrogenesis, liver inflammation, Wu et al. (2008)
steatosis, and hepatocyte degeneration
49 ppm Not Reported Increasing the number and size of necro- Arteel et al. (2008)
inflammatory foci, increase in proliferating
hepatocytes
Rat 50 ppm Not Reported Cytotoxicity, necrosis of the urothelial upper Suzuki et al. (2010)
layer, higher cell proliferation and hyperplasia
Arsenic acid Rabbit 3mg/kg Anorexia, prostration, Pale liver, molted kidneys, congested lungs Nemec et al. (1998)
constipation, ataxia
Roxarsone  Broiler 454 mg/kg Increased  chicken  growth Increased of As residue in liver had seen. Alter the Li ez al. (2011)
birds performance appearance levels of cell development, immunity

and metabolism of energy related genes
Conversions =1 ppm = 1 mg/kg = 1 pg/g, 1 ppm = 1 mg/l = 1 ug /ml = 1000 ug/L= 10

Table 3: Immuno-pathological effects caused by As in various species

Arsenic type Specie  Dose Effects References
Sodium arsenite Rat 025-2uM Impair T-cell activity, cytokines, interferon, decrease Qian et al. (2010),
antibody response to SRBCs Yuri et al. (2012), Claudie et al. (2012)
Broiler 1-10 Mm Delayed hypersensitivity, decrease phagocytic activity, Manoj et al. (2008), Subhashree et al.
cytokines and interferon production (2010)
Arsenic trioxide Rat Decreased Neutrophils and macrophages Rachel et al. (2004)
Mice 50 ug/m®, 1 mg/m®*  Decrease humoral response Scott et al. (2009)
Fish 2-10 ppb Low spleen leukocytes, decrease T and B cells Debabrata et al. (2006),
Nayak et al. (2007).
Gallium arsenide ~ Mice 50, 100, 200 g/kg Decrease production of cytokines, T-cell activity and anti Sikorski et al. (1991)

bod response to SRBCs

the Bowman’s capsule may be more vulnerable to As-
tempted nephrotoxicity due to their anatomical position and
high reabsorptive activity (Wang et al., 2014).

In rats intoxication with different doses of As showed
that maximum sings were observed in group treated @ 100
ppm AsIII in diet. As induced cytotoxicity and necrosis of
the urothelial superficial layer, with increased cell
proliferation and hyperplasia (Suzuki et al., 2010). Wu et al.
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(2008) noted inflammation of liver, steatosis (fatty liver),
hepatocyte deterioration and fibrosis in sodium arsenate
treated mice. Arsenite produced more severe effects than
arsenate. It was concluded that chronic inorganic As
exposure in mice harvests liver injury and a high fat diet
significantly increases As-induced hepatofibrogenesis (Wu
et al., 2008). Dietary inclusion of 50 and 100 mg/kg of
arsanilic acid resulted in increased egg production and feed



Khan et al. / Int. J. Agric. Biol., Vol. 16, No. 6, 2014

Fig. 2: Histopathology of kidneys. a) Control birds
showing normal histological structure, b) As-treated broiler
chicken showing congestion, condensed nuclei (arrow
heads), epithelial necrosis, sloughing of tubular epithelium
from basement membrane (arrows), and c) As+Vit C
showing congestion and few condensation nuclei (H and E,
X40 for all panels) (Khan et al., 2013)

utilization in Japanese quail with the higher concentration of
As in the feces and tissues as compared to control group
(Desheng and Niya, 2006). Gross lesions were redness of
the gastric, intestinal, and abomasal mucosa, prominent
submucosal edema, epithelial necrosis, and massive
accumulation of fluids in intestine (Beasley et al., 1994).
Nain and Smith (2012) reported that the subchronic
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exposure of As in the rats at different doses (0.4, 4.0 and
40.0 ppm) resulted in decrease water and feed intake,
whereas, growth rate was not affected. Similarly, Vodela et
al. (1997) reported that As intake through drinking water
resulted in decrease feed intake and weight gain of broiler
breeders. Debendranath and Dasgupta (2010) reported the
lesions of chronic As toxicity appearing due to drinking of
As contaminated ground water included keratosis,
bronchitis, chronic obstructive pulmonary edema, non-
cirrhotic portal fibrosis, polyneuropathy, non-pitting edema
of feet or hands, conjunctiva congestion, weakness and
anemia. High concentration of As (200 mg/L) was found to
be associated with increased risk of stillbirth, lung cancers,
skin and urinary bladder. Lasky et al. (2004) reported that
As concentration in liver and muscle tissues of poultry birds
was highest as compared to other organs.

Camardese et al. (1990) fed mallard ducklings on a
diet containing 30, 100 or 300 mg/kg (sodium arsenate) for
10 weeks. As was stored considerably in brain and liver fed
100 or 300 mg/kg but did not showed any histopathological
lesions. In a similar study, Whitworth et al. (1991) reported
that the highest concentration caused a significant increase
in resting time and abnormal behavior. Ducklings on 300
mg/kg spent more time under the heat lamp. Arsenate had
no effect on growth and feeding behavior on a diet
containing 200 mg/kg for 4 weeks. However, ducklings
grown on diet deficient in protein, the same arsenate dose
resulted in significant reduction in survival and growth rate
(Hoffman et al, 1992). Stanley et al. (1994) reported that
400 mg/kg sodium arsenate has been resulted in
significantly decrease in growth rate of ducklings but did
not affect survival rate.

Mabhaffey et al. (1981) reported parenchymal swelling
and mild hepatic steatosis, swelling, necrosis and severe
fibrosis in periportal areas of affected liver of rat due to As
feeding. Sodium arsenate at low (0.05 ppm) and high (5
ppm) doses resulted in necrosis and degeneration of
bronchiolar epithelium with emphysema and thickening of
alveolar septa of lungs (Singh et al., 2010) and severe liver
inflammation,  steatosis, fibrosis and  hepatocyte
degeneration (Wu et al., 2008). However, Kaise et al
(1985) reported hemorrhage, convulsions and retching in the
intestinal tract of mouse treatment As,Os.

In broilers sodium arsenate @150 ppm resulted in
decreased feed intake and weight gain with increased feed
conversion ratio (FCR). Gross lesions included ecchymotic
hemorrhages in heart, congestion and hemorrhages in liver
and intestinal mucosa, swollen kidneys and degenerated
spleen. Histologically birds showed disruption of cardiac
muscle bundles, sinusoidal congestion, focal areas of
lymphoid aggregation, disrupted villi, mucosal congestion
and infiltration of mononuclear cells in kidney, whereas
spleen and bursa of Fabricius revealed depletion of
lymphocytes, hemorrhages, and cystic spaces (Vodela et al.,
1997; Kalavathi et al., 2011).

Ai-zhi and Zhen-yong (2007) studied the effect of As
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Fig. 3: Photomicrograph of intestines of broiler chicks
treated with As showing sloughing of epithelium from the
villi (arrow head) and infiltration of inflammatory cells
between the crypts (arrow). H & E. upper) 200X and lower)
400X (Sharaf et al., 2013)

product p-amino phenylarsenic acid (PAPAA) on body
weight and immune organs in chickens. Two hundred and
eighty day old male chickens were randomly divided into 7
groups fed with basal diet supplemented with 0, 50,100,
150, 200, 250, 300 mg/kg PAPAA. After 70 days every
group was weighed and killed. The main immune organs
including spleen, thymus and bursa Fabricius were weighed
and their absolute and relative weights were calculated.
Conclusively, the groups fed with 150, 200, 250, 300 mg/kg
PAPAA had significantly higher body weights and immune
organs weights as compared to control group and the group
fed with 200 mg/kg had the most significant increase. So
PAPAA can enhance chicken’s body weights and immune
organs weights.

Immuno-pathological effects of As

Arsenic a heavy metal known to cause tissues damage of
various systems including the immune system (Table 3). As
exposure, alongside of its general toxicity may also affect
monocyte, lymphocyte and macrophagic activity in
mammals, resulting in immunosuppression (Blakley ef al.,
1980; Yang and Frenkel, 2002; Duker et al., 2005; Sakurai
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Fig. 4: Down-regulation of survivin expression by arsenic
trioxide (ATO). Representative photomicrographs of
immunohistochemical staining detected on liver tissue. The
arrowhead indicates the representative positive cells.
Tumor-peripheral tissue in the control (a) and experimental
group (b). Tumor tissue in the control (c) and experimental
group (d). Scale bar = 10 um (Li et al., 2013)

et al., 2006). It acts on mitochondria, where it uncouples
mitochondrial oxidative phosphorylation, which in return
produces ROS. In published literature, it is well documented
that As is immunotoxic (de la Fuente et al., 2002;
Chakraborty et al., 2013). It also interferes with splenic
macrophages functioning of antigen-presentation, which is
then able to alter reaction of antibody-forming cells for IgM
and IgG to sheep erythrocytes, and also proliferative
response of lymphocytes (Sikorski et al., 1991). Moreover,
phagocytic activity of macrophages was also found to be
significantly decreased by As exposure in birds (Fairbrother
et al, 1994; Vodela et al, 1997). Generally, As can
interrupt the glucocorticoid regulation of immune function
(Kaltreider et al., 2001). As caused apoptosis which may
lead to a reduced immune response in mice (Harrison and
McCoy, 2001), rats (Bustamante et al., 1997) and humans
(de la Fuente et al., 2002). Furthermore, exposure to As
caused the suppression of primary antibody response
(Sikorski et al., 1991), reduced macrophage and neutrophil
number (Patterson et al., 2004), was more prone to infection
(Aranyi et al., 1985), increased death rate due to bacterial
infection (Hatch et al., 1985) and decreased chemotactic and
phagocytic indices (Sengupta and Bishayi, 2002; Bishayi
and Sengupta, 2003).

Arsenic intensified the transforming growth factor-a
(TGF-a), granulocyte macrophagic-colony stimulating
factor (GM-CSF) and TNF-a in keratinocytes of human
(Germolec et al., 1996), and IL-1 and IL-8 in keratinocytes
of murine (Yen et al., 1996; Corsini et al., 1999). Moreover,
As resulted in the promotion of the expression of receptors
(IL-1, IL-6 and IL-7) and inducible nitric oxidase (iNOS) in
the epithelial cells of rat liver (Chen et al., 2001). it has also
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been shown to decrease the expression of various receptors
like IL-2 (Yu et al., 1998), IL-1a, IL-1B, IL-8, IL-12, IL-18,
TGF-B1, TGF-f2 and monocyte chemotactic protein-1
(Yang and Frenkel, 2002).

The immune dysfunction in mice treated with arsenite
(As™) resulted in impair T-cell multiplication and production
of cytokines in response to subtoxic doses of arsenite in
splenocytes of both young and aged mice. Moreover, it also
resulted in decreased production of interleukin-2, interleukin-
4 and interferon-y by splenocytes from young mice and IL-
10 by splenocytes in aged mice. It was revealed that the
production of IL-2 and IL-4 by splenocytes from aged mice
was affected by arsenicenite that lead to decrease in immune
response (Yuri et al., 2012; Claudie et al., 2012).

Rachel er al. (2004) investigated hypersensitivity
responses in As-treated mice in the induction and elicitation
phases of dermal sensitization. They reported reduction in
the number of circulating neutrophils and thioglycollate-
induced peritoneal macrophages. The immune cells
population and immune responses decreased due to
prolonged exposure of sodium arsenite. Acharya et al.
(2010) investigated the carcinogenetic and immunological
effect in As-treated mice. The damaging consequences were
assessed by FACS readings that showed specific
programmed cell death cascade in lymphocytes. Moreover,
neoplastic changes were noted under the influence of As.
Qian et al (2010) reported that sodium arsenite had
suppressive effect to antibody responses in in vivo and in
vitro studies. Spleen cells were isolated from C57BL/6J
wild-type male mice and treated with sodium arsenite.
Immunotoxicity assays were used to determine the T-
dependent antibody response and antibody response to
sheep red blood cells (SRBCs). Spleen cell viability was not
changed following 4 days of As treatment, however, the
antibody response showed suppression due to As-treatment.
From the results of the above studies, it can be extracted that
As in one way or the other is immunotoxic and lowers the
immunity in the affected individuals.

This interpretation is further substantiated by Scott et
al. (2009) who reported that immunotoxicity of As,O; in
mice resulted in reduction of primary T-dependent antibody
response and greater than 70% in humoral immune response
towards sheep red blood cells. Sikorski et al. (1991) also
endorsed such ideas by reporting that GaAs exposure led to
decreased capacity of splenic macrophages to process or
present the particulate antigen SRBC. In broiler chicks,
significantly reduced body weight gain, weight of spleen,
thymus and bursa of Fabricius with As-treatment also
indicated immunological functions (Manoj et al., 2008). It
was further reported that the metalloid significantly
depressed the ability of peripheral blood and splenic
lymphocytes to  proliferate. =~ The delayed type
hypersensitivity response was also significantly decreased.
The suppression of cellular and humoral immune response
has also been reported (Subhashree et al., 2010).

In zebra fish, the toxicity of As from 2 to 10 ppb
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concentration in drinking water resulted in 50-folds increase
in viral load and 17-fold increase in bacterial load in zebra
fish. Moreover, bacterial post-As-exposure infection
showed at least 2.5 to 4 folds drop in interleukin-1p and
tumor necrosis factor-a levels, respectively (Nayak et al.,
2007). In another study in catfish, As,O; treatment resulted
in significant decrease in splenic leucocyte count while
histological ~studies indicated changes in cellular
composition of spleen those led to tissue-specific and time-
dependent changes in the function of T and B cells
(Debabrata et al., 2006).

As and Carcinogenicity

Other serious concern of As is carcinogenicity (Wadhwa et
al., 2013). As may alter one or more DNA repair processes.
According to Andrew et al. (2006), patients exposed to As
have different nucleotide deletion repair, which ultimately
results in carcinogenesis. Moreover, DMA has been ended
in several genotoxic effects, including DNA strands breaks,
formation of apyrimidinic and apurinic sites, increase in
oxidative stress by oxidation of DNA bases, formation of
proteins-DNA cross linkages and chromosomal aberrations
(Kitchin, 2001; Coelho et al., 2013; Xie et al., 2014).
Clastogenic effects of As have been resulted due to high
affinity of As to sulfydryl groups. Not only DMA but
roxarsone (3-Nitro-4-hydroxyphenylarsonic acid) also
causes mutation and DNA strand breaks (Shen et al., 2014).
In male Syrian golden hamsters, arsenic trisulfide and
calcium arsenate intoxication resulted pneumonia,
metaplastic ossification and emphysema in lungs along with
adenoma and malignant tumors (Goran and Nils, 2004).

As mentioned above As toxicity leads to
carcinogenicity. In this field, survivin has recently been
identified as an inhibitor of apoptosis protein (Hossain et al.,
2009; Li et al, 2013) with unclear pathophysiological
functioning. Having unique structure, survivin has been
reported to be expressed in various cancers and even during
developmental stages of embryo (Upadhyaya et al., 2007;
Hebb et al., 2008). In this way survivin (Fig. 4) might be a
new target for the malignant tumors diagnosis (Mita et al.,
2008; Hirano et al., 2014). Survivin has also been recently
found in the involvement in apoptosis induced by As,O5 (Li
et al., 2013). So we may anticipate more functions of this
protein in future.

In conclusion, As, naturally present in groundwater,
air and soil enters in body through diet and drinking water
and its absorption takes place mostly through small
intestine. In the body, it causes various pathological
changes, which are depicted in various forms of clinical
signs and lesions. Toxicity signs of As varies from species
to species. In chicken causes depression, ataxia, lameness
and stunted growth, body weight loss, less feed
consumption, loss of appetite, souring of mouth, dullness
and neurological disorders. In mammals As causes various
signs like dullness, depression, increased frequency of
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defecation, excessive salivation and keratosis. As causes
both acute and chronic toxicities in a variety of organisms.
Toxic effects of inorganic As included denaturation of
cellular enzymes, cellular damage through increased
reactive oxygen species, oxidative stress, altered gene
expression, genotoxicity, carcinogenicity and
immunosuppression. As is naturally contaminating ground
water of provinces of Sindh and Punjab where at some
places its level exceeds (up to 100 ng/L) WHO permissible
limits (10 pg/L) and affects over 36 and 20% of population.
As it is naturally occurring, therefore, there is dire need to
find out some useful chemicals, vitamins, minerals which
can ameliorate the toxic effects of As so that productivity of
mammals and birds could be increased.

References

Abernathy, C.O., Y. Liu, D. Longfellow, H.V. Aposhia, B. Beck, B. Fowler,
R. Goyer, R. Menzer, T. Rossman, C. Thompson and M. Waalkes,
1999. Arsenic: health effects, mechanisms of actions and research
issues. Environ. Health Persp., 107: 593-597

Acharya, S., S. Chaudhuri, S. Chatterjee, P. Kumar, Z. Begum, S. Dasgupta,
S.J.S. Flora and S. Chaudhuri, 2010. Immunological profile of
arsenic toxicity: A Hint Towards arsenic-induced carcinogenesis.
Asian. Pacific. J. Cancer Prev., 11: 479490

Adzitey, F. and N. Huda, 2012. Effects of post-slaughter carcass handling
on meat quality. Pak. Vet. J., 32: 161-164

Ahmad, S., K.T. Kitchin and W.R. Cullen, 2000. Arsenic species that cause
release of iron from ferritin and generation of activated oxygen.
Arch. Biochem. Biophys., 382: 195-202

Ai-zhi, C.A.O. and W. Zhen-yong, 2007. Effect of different supplemented
arsenic preparation on growth of body weight and main immune
organs in chickens. Acta Ecol. Anim. Domastici, 1: 6365

Akay, C., C. Thomas and Y. Gazitt, 2004. Arsenic trioxide and paclitaxel
induce apoptosis by different mechanisms. Cell Cycle, 3: 324334

Akihiko, K., I. Yoko, T. Wada, H. Yokoyama, N. Mukaida and T. Kondo,
2004. MRP-1 Expression levels determine strain specific
susceptibility to sodium arsenic-induced renal injury between C
57BL/6 and BALB/c mice. Toxicol. Appl. Pharmacol., 203: 53—61

Albert, L.J., E. Smith, J. Weber, M. Rees, A. Rofe, T. Kuchel, L. Sansom
and R. Naidu, 2008. Application of an in-vivo swine model for the
determination of arsenic bioavailability in contaminated vegetables.
Chemosphere, 71: 1963-1969

Andrew, A.S, J.L. Burgess, M.M. Meza, E. Demidenko, M.G. Waugh,
J.W. Hamilton and M.R. Karagas, 2006. Arsenic exposure is
associated with decreased DNA repair in vitro and in individuals
exposed to drinking water arsenic. Environ. Health Persp., 114:
1193-1198

Anonymous, 2005. Toxicological Profile for Arsenic. Agency for toxic
substances and disease registry. SUDHHS, PHS, Washington, DC

Anonymous, 2012. www.emedicine.com/emerg/misc.medscape.com

Aposhian, H.V. and M.M. Aposhian, 2006. Arsenic toxicology: five
questions. Chem. Res. Toxicol., 19: 1-15

Aposhian, H.V., R.A. Zakharyan, M.D. Avram, A. Sampayo-Reyes, M.L.
Wollenberg, 2004. A review of the enzymology of arsenic
metabolism and a new potential role of hydrogen peroxide in the
detoxication of the trivalent arsenic species. Toxicol. Appl.
Pharmacol., 198: 327-335

Aranyi, C., J.N. Bradof, W.J. O'Shea, J.A. Graham and F.J. Miller, 1985.
Effects of arsenic trioxide inhalation exposure on pulmonary
antibacterial defensesinmice. J. Toxicol. Environ. Health, 15: 163-172

Arteel, G.E., L. Guo, T. Schlierf, J.I. Beier, J.P. Kaiser, T.S. Chen, M. Liu,
D.P. Conklin, H.L. Miller, C.V. Montfort and J.C. States, 2008.
Subhepatotoxic exposure to arsenic enhances lipopolysaccharide-
induced liver injury in mice. Toxicol. Appl. Pharmacol., 226: 128—
139

1221

Balakumar, P. and J. Kaur, 2009. Arsenic exposure and cardiovascular
disorders: an overview. Cardiovasc. Toxicol., 9: 169176

Bartel, M., F. Ebert, L. Leffers, U. Karst and T. Schwerdtle, 2011.
Toxicological characterization of the inorganic and organic arsenic
metabolite Thio-DMAV in cultured human lung cells. J. Toxicol.,
2011:2019

Beasley, V.R., B.C. Dorman, F.D. Fikes and S.G. Diana, 1994. A Systems
Approach to Veterinary Toxicology, University of Illinois,
Champagne

Bishayi, B. and M. Sengupta, 2003. Intracellular survival of Staphylococcus
aureus due to alteration of cellular activity in arsenic and lead
intoxicated mature Swiss albino mice. J. Toxicol., 184: 31-39

Biswas, U., S. Sarkar, M.K. Bhowmik, A K. Samanta and S. Biswas, 2000.
Chronic toxicity of arsenic in goats: clinicobiochemical changes,
pathomorphology and tissue residues. Small Rumin. Res., 38: 229-235

Blakley, B.R., C.S. Sisodia and T.K. Mukkur, 1980. The effect of
methylmercury, tetraethyl lead and sodumarsenite on the humoral
immune response in mice. Toxiol. Appl. Pharmacol., 52: 245-254

Brouwer, O.F., W. Onkenhout, P.M. Edelbroek, J.F. de-Kom, F.A. de-Wolff
and A.C. Peters, 1992. Increased neurotoxicity of arsenic in
methylenetetrahydrofolate reductase deficiency. Clin.  Neurol.
Neurosur., 94: 307-310

Buchet, J.P. and R. Lauwerys, 1988. Role of thiols in the in-vitro methylation
of inorganic arsenic by rat liver cytosol. Biochem. Pharmacol., 37:
3149-3153

Bustamante, J., L. Dock, M. Vahter, B. Fowler and S. Orrenius, 1997. The
semiconductor elements arsenic and indium induce apoptosis in rat
thymocytes. J. Toxicol., 118: 129-136

Camardese, M.B., D.J. Hoffman, L.J. Lecaptain and G.-W. Pendleton, 1990.
Effects of arsenate on growth and physiology in Mallard ducklings.
Environ. Toxicol. Chem., 9: 785-795

Centeno, J.A, F.G. Mullick, L. Martinez, N.P. Page, H. Gibb, D. Longfellow,
C. Thompson and E.R. Ladich, 2002. Pathology related to chronic
arsenic exposure. Environ. Health Persp., 110: 883-886

Chakraborty, S., M. Ray and S. Ray, 2013. Sajal Cell to organ: Physiological,
immunotoxic and oxidative stress responses of Lamellidens marginalis
to inorganic arsenite. Ecotoxicol. Environ. Saf., 94: 153-163

Chen, H, J. Liu, B.A. Merrick and M.P. Waalkes, 2001. Genetic events
associated with arsenic-induced malignant transformation: applications
of cDNA microarray technology. Mol. Carcinog., 30: 79-87

Claudie, M., B.E.E. Fidaa, M. M‘elinda, F. Olivier and V. Laurent, 2012.
Inorganic arsenic impairs proliferation and cytokine expression in
human primary T-lymphocytes. Toxicology, 300: 46-56

Cockell, K.A., J.W. Hilton and W.J. Bettger, 1991. Chronic toxicity of
dietary disodium arsenate heptahydrate to juvenile rainbow trout
(Oncorhynchus mykiss). Arch. Environ. Contam. Toxicol., 21: 518—
527

Coelho, P., J. Garcia-Leston, S. Costa, C. Costa, S. Silva, V. Dall'Armi, R.
Zoffoli, S. Bonassi, J.P de-Lima, J.F Gaspar, E. Pasaro, B. Laffon and
J.P Teixeira, 2013. Genotoxic effect of exposure to metal(loid)s. A
molecular epidemiology survey of populations living and working in
Panasqueira mine area, Portugal. Environ. Int., 60: 163-170

Corsini, E., L. Asti, B. Viviani, M. Marinovich and C.L. Galli, 1999. Sodium
arsenate induces overproduction of interleukin-lalpha in murine
keratinocytes: role of mitochondria. J. Invest. Dermatol., 113: 760—
765

Cui, C.G. and Z.H. Liu, 1988. Chemical speciation and distribution of arsenic
of in water, suspended solids and sediments of Xiangjiang River,
China. Sci. Total. Environ., 77: 69-82

Cullen W.R. and D.J. Thomas, 2000. Comparative toxicity of trivalent and
pentavalent inorganic and methylated arsenicals in rat and human
cells. Arch. Toxicol., 74: 289-299

Datta, B.K., K.B. Moloy, H.P. Pabitra, M.R.R.D. Debasish, S. Samar, K.
Tapan, Mandal and K.C. Animesh, 2012. Effect of environmental
exposure of arsenic on cattle and poultry in Nadia district, West
Bengal, India. J. Toxicol. Int., 19: 59-62

de la Fuente, H., D. Portales-Perez, L. Baranda, F. Diaz-Barriga and V.
Saavedre-Alanis, 2002. Effect of arsenic, cadmium and lead on the
induction of apoptosis of normal human mononuclear cells. Clin. Exp.
Immunol., 129: 69-77



Khan et al. / Int. J. Agric. Biol., Vol. 16, No. 6, 2014

Debabrata, G., S. Bhattacharya and S. Mazumder, 2006. Perturbations in the
catfish immune responses by arsenic: Organ and cell specific effects.
Comp. Biochem. Physiol C. Toxicol. Pharmacol.,143: 455-463

Debendranath, G.M. and U.B. Dasgupta, 2010. Chronic arsenic toxicity:
Studies in West Bengal, India. J. Med. Sci., 27: 360-370

Desheng, Q. and Z. Niya, 2006. Effect of arsanilic acid on performance and
residual of arsenic in tissue of Japanese laying quail. Poult. Sci., 85:
2097-2100

Duker, A.A., EJ.M. Carranza and M. Hale, 2005. Arsenic geochemistry
and health. Environ. Int., 31: 631-641

Dwivedi, V.K., A. Arya, H. Gupta, A. Bhatnagar, P. Kumar and M.
Chaudhary, 2011. Chelating ability of sulbactomax drug in arsenic
intoxication. Afr. J. Biochem. Res., 5: 307-314

Ellenhorn, M.J. and D.G. Barceloux, 1988. Arsenic in Medical Toxicology:
Diagnosis and Treatment of Human Poisoning, pp: 1012-1016.
Elsevier, New York, USA

Fairbrother, A., M. Fix, T. O'Hara and C.A. Ribic, 1994. Impairment of
growth and immune function of avocet chicks from sites with
elevated selenium, arsenic and boron. J. Wild. Life Dis., 30: 222—
233

Feng, Z., Y. Xia, D. Tian, K. Wu, M. Schmitt, R.K. Kwok and J.L.
Mumford, 2001. DNA damage in buccal epithelial cells from
individuals chronically exposed to arsenic via drinking water in Inner
Mongolia, China. Anticancer Res., 21: 51-58

Fengyun, P.J. Ning, M. Hirkau, Y. Murata, M.O. Kawa, S. Cheng and K.
Yokoyama, 2005. Oxidative DNA damage in relation to
neurotoxicity in the brain of mice exposed to arsenic at
environmentally relevant levels. J. Occup. Health, 47: 445-449

Flora, S.J.S., 2011. Arsenic-induced oxidative stress and its reversibility.
Free Radic. Biol. Med., 51: 257-281

Gebel, T., 2000. Confounding variables in the environmental toxicology of
arsenic. J. Toxicol., 144: 155-162

Germolec, D.R, T. Yoshida, K. Gaido, J.L. Wilmer, P.P. Simeonova, F.
Kayama, F. Burleson, W. Dong, R.-W. Lange and M.L Luster, 1996.
Arsenic induces overexpression of growth factors in human
keratinocytes. Toxicol. Appl. Pharmacol., 141: 308-318

Ghatak, S., A. Biswas, G.K. Dhali, A. Chowdhury, J.L. Boyer and A.
Santra, 2011. Oxidative stress and hepatic stellate cell activation are
key events in arsenic induced liver fibrosis in mice. Toxicol. Appl.
Pharmacol., 25: 59-69

Goran, P. and Nils, 2004. On the pulmonary tumorigenicity of arsenic
trisulfide and calcium arsenate in hamsters. Cancer Lett., 29: 99-104

Graeme, H.M. and J.V.C. Pollack, 1998. Selected topics: toxicology: Part I
Arsenic and mercury. J. Emerg. Med., 16: 45-56

Gur, E., A. Nyska, T. Waner and S. Crown, 1989. Cacodylic Acid:
Combined Chronic Feeding and Oncogenicity Study in The Rat. Vol.
1- X." Life Science Research Israel, Ltd., Ness Ziona, Israel

Halder, G., S. Molndal, S.K. Paul, B. Roy and G. Samanta, 2007. Chronic
arsenic toxicity with and without excess supplementation of
methionine on the performance and metabolizability of nutrients in
layer chickens. Asian J. Anim. Sci., 1: 18-25

Han, Z., J. Li, M. Zhang and C. Lv, 2012. Effect of montmorillonite on
arsenic accumulation in common carp. Afr. J. Biotechnol., 11:
61606168

Harrison, M.T and K.L. McCoy, 2001. Immunosuppression by arsenic: a
comparison of cathepsin L inhibition and apoptosis. Int.
Immunopharmacol., 1: 647-656

Hatch, G.E., E. Boykin, J.A. Graham, J. Lewtas, F. Pott, K. Loud and J.L.
Mumford, 1985. Inhalable particles and pulmonary host defense: in
vivo and in vitro effects of ambient air and combustion particles.
Environ. Res., 36: 67-80

Hebb, A.L.O., C.S. Moore, V. Bhan, T. Campbell, J.D. Fisk, H.A.
Robertson, M. Thorne, E. Lacasse, M. Holcik, J. Gillard, S.J Crocker
and G.S. Robertson, 2008. Expression of the inhibitor of apoptosis
protein family in multiple sclerosis reveals a potential
immunomodulatory  role  during  autoimmune  mediated
demyelination. Mult. Scler., 14: 577-594

Hertz-Picciotto, I. and A.H. Smith, 1993. Observations on the dose-response
curve for arsenic exposure and lung cancer. Scand. J. Work Environ.
Health., 19: 217-226

1222

Hiraiwa, M., J.S. O'Brien, Y. Kishimoto, M. Galdzicka, A.L. Fluharty, E.L
Ginns and B.M. Martin, 1993. Isolation, characterization, and proteolysis
of human prosaposin, the precursor of saposins (sphingolipid activator
proteins). Arch. Biochem. Biophys. 304: 110-116

Hirano, H., K. Matsushita, A. Okimura, T. Yoshida, T. Kizaki and T. Ito,
2014. Nuclear survivin expression in stromal cells of phyllodes tumors
and fibroadenomas of the breast. Anticancer Res., 34: 1251-1253

Hoffman, D.J., C.J. Sanderson, L.J. LeCaptain, E. Cromartie and G.W.
Pendleton, 1992. Interactive effects of arsenate, selenium, and dietary
protein on survival, growth and physiology in mallard ducklings.
Arch. Environ. Contam. Toxicol., 22: 55-62

Holson, J.F., D.G. Stump, K.J. Clevidence, J.F. Knapp and C.H. Farr, 2000.
Evaluation of the prenatal developmental toxicity of orally
administered arsenic trioxide in rats. Food Chem. Toxicol., 38: 459—
466

Hossain, Z., M. Hosokawa and K. Takahashi, 2009. Growth inhibition and
induction of apoptosis of colon cancer cell lines by applying marine
phospholipid. Nutr. Cancer, 61: 123—-130

Hossain, M.A., P. Piyatida, A. Jaime, T. Silva and M. Fujita, 2012.
Molecular mechanism of heavy metal toxicity and tolerance in
plants: central role of glutathione in detoxification of reactive oxygen
species and methylglyoxal and in heavy metal chelation. J. Bot.,
2012: 37

Hughes, F.M., 2002. Arsenic toxicity and potential mechanisms of action. J.
Toxicol., 133: 1-16

Irgolic, K., 1982. Speciation of Arsenic Compounds in Water Supplies. U. S.
Environmental Protection Agency, Health Effects Research
Laboratory; Cincinnati, OH, USA; EPA 600/51-82-010

Islam, N.U., M.K. Saleemi, M.Z. Khan, S.L. Butt, A. Khan, I. Javed, F.S.
Awan and S. Rafique, 2013. Molecular diagnosis and pathology of
chicken infectious anemia in commercial white leghorn layer flocks
in Pakistan. Pak. Vet. J., 33: 378-381

Islam, S.K.M.A., M. Alauddin, M.M. Hassan, S.A. Khan, M.R. Alam, M.B.
Hossain, A.S.M.L. Ahasan, A.K.M. Saifuddin, S. Sultana, H.M. Tun,
A.H. Shaikat, N.C. Debnath and M.A. Hoque, 2012. Biochemical
analysis on blood and crop contents of household chickens along
with their production and health status in Bangladesh. Pak. Vet. J.,
32:575-578

Islam, M.S., M.A. Awa, M. Mostofa, F. Begum, A. Khair and M.
Myenuddin, 2009. Effect of spirulina on toxic signs body weight and
hematological parameters in arsenic induced toxicities in ducks. Int.
J. Poult. Sci., 8:75-79

Jabeen, G., M. Javed and H. Azmat, 2012. Assessment of heavy metals in
the fish collected from the river Ravi, Pakistan. Pak. Vet. J., 32:
107-111

Jadhav, S.H., S.N. Sarkar, R.D. Patil and H.C. Tripathi, 2007. Effects of sub
chronic exposure via drinking water contaminating metals: A
Biochemical and histopathological study in male rats. Arch. Environ.
Contam. Toxicol., 53: 666-677

Javaid, S., M.I. Anjum and M. Akram, 2012. Effect of dietary protein and
energy level on proximate composition of breast and thigh meat in
white leghorn layers at molt and post molt production stages. Pak.
Vet. J., 32: 483-488

Javed, M., 2012. Tissue-specific bio-accumulation of metals in fish during
chronic waterborne and dietary exposures. Pak. Vet. J., 32: 567-570

Javed, M., 2013., Chronic effects of nickel and cobalt on fish growth. Int. J.
Agric. Biol., 15: 575-579

Jomova, K., Z. Jenisova, M. Feszterova, S. Baros, J. Liska, D. Hudecova,
C.J. Rhodes and M. Valkoc, 2011. Arsenic: toxicity, oxidative stress
and human disease. J. Appl. Toxicol., 31: 95-107

Kaise, T., S. Watanabe and K. Itoh, 1985. The acute toxicity of
arsenobetaine. Chemosphere, 14: 1327-1332

Kalavathi, S., A.A. Kumar, A.R. Gopala, C.H. Srilatha and R.A.
Rajasekhar, 2011. Sodium arsenite toxicity in broiler chicks and its
amelioration: haemato-biochemical and pathological studies. Ind. J.
Vet. Sci., 35:2

Kalia, K., G.D. Narula, G.M. Kannan and S.J.S. Flora, 2007. Effects of
combined administration of captopril and DMSA on arsenite induced
oxidative stress and blood and tissue arsenic concentration in rats.
Comp. Biochem. Physiol. C. Toxicol. Pharmacol., 144: 372-379



Arsenic Toxicity in Birds and Mammals / Int. J. Agric. Biol., Vol. 16, No. 6, 2014

Kaltreider, R.C., AM. Davis, J.P. Lariviere and J.W. Hamilton, 2001.
Arsenic alters the function of the glucocorticoid receptor as a
transcription factor. Environ. Health Persp., 109: 245-251

Khan, A., R. Sharaf, M.Z. Khan, M.K. Saleemi and F. Mahmood, 2013.
Arsenic toxicity in broiler chicks and its alleviation with ascorbic
acid: A toxico-patho-biochemical study. Int. J. Agric. Biol., 15:
1105-1111

Kitchin, K.T., 2001. Recent advances in arsenic carcinogenesis: Modes of
action, animal model systems, and methylated arsenic metabolites.
Toxicol. Appl. Pharmacol., 172: 249-261

Klaassen, C.D., 1996. Heavy metals and heavy-metal antagonists. In:
Goodman and Gilman's The Pharmacological Basis of Therapeutics,
pp: 1649— 1672. Hardman, J.G., L.E. Limbird, P.B. Molinoff, R.W.
Ruddon and A.G. Gilman (eds). McGraw-Hill, New York, USA

Kothary, R.K. and E.P. Candido, 1982. Induction of a novel set of
polypeptides by heat shock or sodium arsenite in cultured cells of
rainbow trout, Salmogairdnerii. Can. J. Biochem., 60: 347-355

Kotsanis, N. and J. Iliopoulou-Georgudaki, 1999. Arsenic induced liver
hyperplasia ~ and  kidney  fibrosis in  rainbow trout
(Oncorhynchusmykiss) by microinjection technique: a sensitive
animal bioassay for environmental metal-toxicity. Bull Environ.
Contam. Toxicol., 62: 169178

Lage, C.R., A. Nayak, C.H. Kim, 2006. Arsenic ecotoxicology and innate
immunity. Integr. Comp. Biol., 46: 1040-1054

Lasky, T., W. Sun, A. Kadry and M.K. Hoffman, 2004. Mean total arsenic
concentrations in chicken 1989-2000 and estimated exposures for
consumers of chicken. Environ. Health Persp., 112: 18-21

Li H,, J. Gong, X. Jiang and H. Shao, 2013. Arsenic trioxide treatment of
rabbit liver VX-2 carcinoma via hepatic arterial cannulation induced
apoptosis and decreased levels of survivin in the tumor tissue. Croat.
Med. J., 54: 12-16

Li, C,, X. Wang, G. Wang, C. Wu and N. Li, 2011. Genome-wide
expression analysis of roxarsone-stimulated growth of broiler
chickens (Gallus gallus). Compar. Biochem. Physiol., 6: 264-270

Li, Z., F. Piao, S. Liu, Y. Wang and S. Qu, 2010. Subchronic exposure to
arsenic trioxide-induced oxidative DNA damage in kidney tissue of
mice. Exp. Toxicol. Pathol., 62: 543-557

Lima, V.J, R.B. Mauricio and M.M. Josh, 2010. Arsenic toxicity in
mammals and aquatic animals: A comparative biochemical
approach. Ecotoxicol. Environ. Safety., 74: 211-218

Lindberg, A.L., E.C. Ekstrom, B. Nermell, M. Rahman, B. Lonnerdal, L.A.
Persson and M. Vahter, 2008. Gender and age difference in the
metabolism of inorganic arsenic in a highly exposed population in
Bangladesh. Environ. Res., 106: 110-120

Mahaffey, K.R., S.G. Carpar, B.C. Gladen, and B.A. Flower, 1981.
Concurrent exposure to lead, cadmium and arsenic effects on toxicity
andtissue metal concentrationintherat.J. Lab. Clin. Med., 98: 463-481

Manoj, A., S.B. Naraharisetti, S. Dandapat, G.H. Degen and J.K. Malik, 2008.
Perturbations in immune response induced by concurrent subchronic
exposure to arsenic and endosulfan. J. Toxicol., 251: 51-60

Mashkoor, J., A. Khan, M.Z. Khan, R.Z. Abbas, M.K. Saleemi and F.
Mahmood, 2013. Arsenic induced clinico-hemato-pathological
alterations in broilers and its attenuation by vitamin E and selenium.
Pak. J. Agri. Sci., 50: 131-138

Miller, W.H., H.M. Schipper, J.S. Lee, J. Singer and S. Waxman, 2002.
Mechanisms of action of arsenic trioxide. Cancer Res., 62: 3893—
3903

Mita, A.C., M.M. Mita., S.T. Nawrocki and F.J. Giles, 2008. Survivin: key
regulator of mitosis and apoptosis and novel target for cancer
therapeutics. Clin. Cancer Res., 14: 5000-5005

Moraes, K.C., AJ. Quaresma, K. Maehnss and J. Kobarg, 2003.
Identification and characterization of proteins that selectively interact
with isoforms of the mRNA binding protein AUF1 (hnRNP D). Biol.
Chem., 384: 25-37

Nain, S., and J.E.G. Smits, 2012. Pathological, immunological and
biochemical markers of subchronic arsenic toxicity in rats. Environ.
Toxicol., 27: 244-254

Nandi, D., R.C. Patra and D. Swarup, 2006. Oxidative stress indices and
plasma biochemical parameters during oral exposure to arsenic in
rats. Food Chem. Toxicol., 44: 1579-1584

1223

Nayak, A.S, R.L. Christopher and H.K. Carol, 2007. Effects of Low
Concentrations of Arsenic on the Innate Immune System of the
Zebrafish (DanioRerio). Toxicol. Sci., 98: 118-124

Naz, S. and M. Javed, 2013. Growth responses of fish during chronic
exposure of metal mixture under laboratory conditions. Pak. Vet. J.,
33:354-357

Nemec, M.D, J.F. Holson, C.H. Farr and R.D. Hood, 1998. Developmental
toxicity assessment of arsenic acid in mice and rabbits. Reprod.
Toxicol., 12: 647-658

Palaniappan, P.L.R.M. and V. Vijayasundaram, 2009. The effect of arsenic
exposure and the efficacy of DMSA on the proteins and lipids of
the gill tissues of Labeo rohita. Food Chem. Toxicol., 47: 1752—
1759

Patterson R., L. Vega, K. Trouba, C. Bortner and D. Germolec, 2004.
Arsenic-induced alterations in the contact hypersensitivity response
in Balb/c mice. Toxicol. Appl. Pharmacol., 198: 434443

Pedlar, R M., M.D. Ptashynski, R. Evans and J.F. Klaverkamp, 2002.
Toxicological effects of dietary arsenic exposure in lake whitefish
(Coregonusclupeaformis). Aquat. Toxicol., 57: 167-189

Poersch, L., R.O. Cavalli, W. Wasielesky Jr., J.P. Castello and S.R.M.
Peixoto, 2006. Perspectives for the development of marine shrimp
farming in the estuary of Patos Lagoon, RS, Brazil. Ciencia. Rural,
36: 1337-1343

Qian, L., F.T. Lauer, K.J. Liu, L.G. Hudson and S.W. Burchiel, 2010. Low-
dose synergistic immunosuppression of T-dependent antibody
responses by polycyclic aromatic hydrocarbons and arsenic in
C57BL/6J murine spleen cells. Toxicol. Appl. Pharmacol., 245: 344—
351

Rachel, P., L. Vega, K. Trouba, C. Bortner and D. Germolec, 2004. Arsenic
induced alteration in contact hypersensitivity response in balb/c
mice. J. Toxicol. Appl. Pharmacol., 198: 434-443

Raghu, K.G., GK. Yadav, R. Singh, A. Prathapan, S. Sharma and S.
Bhadauria, 2009. Evaluation of adverse cardiac effects induced by
arsenic trioxide, a potent anti-APL drug. J. Environ. Pathol. Toxicol.
Oncol., 28: 241-252

Rana, T., S. Sarkar, T. Mandal and S. Batabyal, 2008. Haematobiochemical
profiles of affected cattle at arsenic prone zone in Haringhata
block of Nadia District of West Bengal in India. Int. J. Hematol., 4:
1-8

Rossman, T.G., 1998. Molecular and genetic toxicology of arsenic. In:
Environmental Toxicology: Current Developments, pp: 171— 187.
Rose, J. (ed.). Gordon and Breach Publishers, Amsterdam, The
Netherlands

Roy, S., M. Roy, P.K. Pandey and S.P. Tiwari, 2009. Effect of tissue trace
minerals status and histopathological changes in chronic arsenicosis
goat. Vet. World, 2: 8-9

Rubina, F., G.A. Javid, S. Shamim and A. Qurban, 2008. Hisological and
haematological disturbance caused by arsenic toxicity in mice model.
Pak. J. Biol. Sci., 11: 1405-1413

Saha, J.C., AK. Dikshit, M. Bandyopadhyay and K.C. Saha, 1999. A
review of arsenic poisoning and its effects on human health: Critical
Reviews. Environ. Sci. Technol., 29: 281-313

Sakurai, T., T. Ohta, N. Tomita, C. Kojima, Y. Hariya, A. Mizukami and K.
Fujiwara, 2006. Evaluation of immunotoxic and immunodisruptive
effects of inorganic arsenite on human monocytes/macrophages. Int.
Immunopharmacol., 6: 304-315

Saxena, M. and H. Saxena, 2007. Histopathological changes in lymphoid
organs of fish after exposure to water polluted with heavy metals. Int.
J. Vet. Med., 5: http://ispub.com/IJVM/5/1/8067

Scott, B.W., L.A. Mitchell, F.T. Lauer, X. Sun, J.D. McDonald, L.G.
Hudson and K.J. Liu, 2009. Immunotoxicity and biodistribution
analysis of arsenic trioxide in C57B1/6 mice following a 2-week
inhalation exposure. Toxicol. Appl. Pharmacol., 241: 253-259

Sengupta, M. and B. Bishayi, 2002. Effect of lead and arsenic on murine
macrophage response. Drug. Chem. Toxicol., 25: 459-472

Sharaf, R., A. Khan, M.Z. Khan, I. Hussain, R.Z. Abbas, S.T. Gul, F.
Mahmood and M.K. Saleemi, 2013. Arsenic induced toxicity in
broiler chicks and its amelioration with ascorbic acid: Clinical,
hematological and pathological study. Pak. Vet. J., 33: 277-281

Shen, Z.Q., T. Luangtongkum, Z.Y. Qiang, B. Jeon, L.P. Wangand and Q.J.



Khan et al. / Int. J. Agric.

Zhang, 2014. Identification of a novel membrane transporter
mediating resistance to organic arsenic in campylobacter jejuni.
Antimicrob. Agents Chemother., 58: 2021-2029

Sherif, Y.S., M.A. Khalid and M.A. Maha, 2005. Cardiotoxic effects of
arsenic trioxide/imatinib mesilate combination in rats. J. Pharm.
Pharmacol., 58: 1-7

Shukla, J.P. and K. Pandey, 1984. Impaired spermatogenesis in arsenic
treated freshwater fish, Colisafasciatus (Bl. and Sch.). Toxicol. Lett.,
21: 191-195

Sikorski, E.E., L.A. Burns, M.L. Stern, M.L. Luster and A.E. Munson, 1991.
Splenic cell targets in gallium arsenide-induced suppression of the
primary antibody response. Toxicol. Appl. Pharmacol., 110: 129-142

Singh, AK. and T.K. Banerjee, 2008. Toxic effects of sodium arsenate
(Na,HAsO4.7H, on the skin epidermis of air-breathing catfish
Clarias batrachus (L.). Vet. Arhiv, 78: 73-88

Singh, N., D. Kumar, K. Lal, S. Raisuddin and A.P. Sahu 2010. Adverse
health effects due to arsenic exposure: Modification by dietary
supplementation of jaggery in mice. J. Toxicol. Appl. Pharmacol.,
242:247-255

Sorensen, E.M., R. Ramirez-Mitchell, A. Pradzynski, T.L. Bayer and L.L.
Wenz, 1985. Stereological analyses of hepatocyte changes parallel
arsenic accumulation in the livers of green sunfish. J. Environ.
Pathol. Toxicol. Oncol., 6: 195-210

Stanley, T.R., J.W. Spann, G.J. Smith and R. Rosscoe, 1994. Main and
interactive effects of arsenic and selenium on mallard reproduction
and duckling growth and survival. Arch. Environ. Contam. Toxicol.,
26: 444451

Stevens, J.T., L.C. DiPasquale and J.D. Farmer, 1979. The acute inhalation
toxicology of the technical grade organoarsenical herbicides,
cacodylic acid and disodium methanearsonic acid; a route
comparison. Bull. Environ. Contam. Toxicol., 21: 304-311

Subhashree, D., D. Pan, AK. Bera, T. Rana, D. Bhattacharya, S.
Bandyapadyay, S.D.V. Sreevatsava, S. Bhattacharya, S.K. Das and S.
Bandyopadhayay,2010. Sodium arsenite mediated immuno-disruption
through alteration of transcription profile of cytokines in chicken
splenocytes under in vitro system. Mol. Biol. Rep., 38: 171-176

Suzuki, S., L.L. Amnold, K.L.. Pennington, B. Chen, H. Naranmandura, X.C.
Le and S.M. Cotheyn, 2010. Dietary administration of sodium
arsenite to rats: Relations between dose and urinary concentrations of
methylated and thio-metabolites and effects on the rat urinary
bladder epithelium. J. Toxicol. Appl. Pharmacol., 244: 99-105

Tan, X.H., L. Yang, L.L. Xian, J. Huang, C.H. Di, W.Y. Gu, S.L. Guo and
L. Yang, 2014. ATP-binding cassette transporter Al (ABCAI)
promotes arsenic tolerance in human cells by reducing cellular
arsenic accumulation. Clin. Exp. Pharmacol. Physiol., 41: 287-294

Tschernatsch, M.M., B. Mlecnik, Z. Trajanoski, R. Zechner and R.
Zimmermann, 2006. LPL mediated lipolysis of VLDL induces an
upregulation of AU-rich mRNAs and an activation of HuR in
endothelial cells. Atherosclerosis, 189: 310-317

Upadhyaya, K.R., K.S. Radha and H.K. Madhyastha, 2007. Cell cycle
regulation and induction of apoptosis by beta-carotene in U937 and
HL-60 leukemia cells. J. Biochem. Mol. Biol., 40: 1009-1015

Vahter, M.E., 2007. Interactions between arsenic-induced toxicity and
nutrition in early life. J. Nutr., 137: 2798-2804

Valentine, B.A., W.K. Rumbeiha, T.S. Hensley and R.R. Halse, 2007.
Arsenic and metaldehyde toxicosis in a beef herd. J. Vet. Diag.
Invest., 19: 212-215

Ventura-Lima, J., M.R. Bogo and J.M. Monserrat. 2011. Arsenic toxicity in
mammals and aquatic animals: A comparative biochemical
approach. Ecotoxicol. Environ. Saf., 74: 211-218

Vodela, J.K., J.A. Renden, S.D. Lenz, W.H. Mcelhenney and B.W.
Kemppainen, 1997. Drinking Water Contaminants (Arsenic,
Cadmium, Lead, Benzene, and Trichloroethylene). 1. Interaction of
Contaminants with Nutritional Status on General Performance and
Immune Function in Broiler Chickens. J. Poult. Sci., 76: 1474-1492

1224

Biol., Vol. 16, No. 6, 2014

Wadhwa, S.K., T.G. Kazi, HI. Afridi, M. Tuzen and D. Citak, 2013.
Arsenic in water, food and cigarettes: A cancer risk to Pakistani
population. J. Environ Sci. Health, Part A-Toxic/Hazardous
Substances & Environmental Engineering, 48: 17761782

Wang, X.N., HY. Zhao, Y.L. Shao, P. Wang, Y.R. Wei, W.Q. Zhang, J.
Jiang, Y. Chen and Z.G. Zhang, 2014. Nephroprotective effect of
astaxanthin against trivalent inorganic arsenic-induced renal injury in
‘Wistar rats. Nutr. Res. Pract., 8: 46-53

Wang, S. and C.N. Mulligan, 2006. Occurrence of arsenic contamination in
Canada: Sources, Behavior and Distribution. Sci. Total Environ.,
366: 701-721

Wang, T.S., C.F. Kuo, K.Y. Jan and H. Huang, 1996. Arsenite induces
apoptosis in Chinese hamster ovary cells by generation of reactive
oxygen species. J. Cell Physiol., 169: 256268

Wang, Y.C., RH. Chaung and L.C. Tung, 2004. Comparison of the
cytotoxicity induced by different exposure to sodium arsenite in two
fish cell lines. Aquat. Toxicol., 69: 67-79

Watanabe, T. and S. Hirano, 2013. Metabolism of arsenic and its
toxicological relevance. Arch. Toxicol., 87: 969-979

‘Whitworth, M.R., G.W. Pendleton, D.J. Hoffman and M.B. Camardese,
1991. Effects of dietary boron and arsenic on the behavior of mallard
ducklings. Environ. Toxicol. Chem., 10: 911-916

Winship, K.A., 1984. Toxicity of inorganic arsenic salts. Adverse drug
react. Acute poisoning Rev., 3: 129-160

Wright, M.T. and K. Belitz, 2010. Factors Controlling the Regional
Distribution of Vanadium in Groundwater. Ground Water, 48: 515—
525

Wu, J., J. Liu, M.P. Waalkes, M.L. Cheng, L. Li, C.X. Li and Q. Yang,
2008. High dietary fat exacerbates arsenic-induced liver fibrosis in
mice. Exp. Biol. Med., (Maywood), 233: 377-384

Xie, H., S.P. Huang, S. Martin and J.P. Wise, 2014. Arsenic is cytotoxic and
genotoxic to primary human lung cells. Mutat. Res. Gen. Tox. En.
Mutag., 760: 33-41

Yadav, K.K. and S.P. Trivedi, 2009. Sublethal administration of heavy
metals induces micronuclei in fish (Channa punctate). Chemosphere,
7: 1495-1500

Yang, C. and K. Frenkel, 2002. Arsenic-mediated cellular signal
transduction, transcription factor activation, and aberrant gene
expression: implications in carcinogenesis. J. Environ. Pathol.
Toxicol. Oncol.,21: 331-342

Yasmin, S., J. Das, M. Stuti, M. Rani and D. Souza, 2011. Sub chronic
toxicity of arsenic trioxide on Swiss Albino mice. Int. J. Environ.
Sci., 1: 1640-1647

Yen, H.T., L.C. Chiang, K.H. Wen, S.F. Chang, C.C. Tsai, C.L. Yu and
H.S. Yu, 1996. Arsenic induces interleukin-8 expression in cultured
keratinocytes. Arch. Dermatol. Res., 288: 716717

Yu, H.S., K.L. Change, C.L. Yu, C.S. We, G.S. Chen and J.C. Jo, 1998.
Defective IL-2 receptor expression in lymphocytes of patients with
arsenic-induced Bowen's disease. Arch. Dermatol. Res., 290: 681—
687

Yu, S. and A.C. Beynen, 2001. High arsenic raises kidney copper and lows
plasma copper concentrations in rats. Biol. Trace Element Res., 81:
63-70

Yuping, L., M. Sultan, M. Habeebu, P. Michael, P. Waalkes and D.
Klaassen, 2000. Chronic combined exposure to cadmium and arsenic
exacerbates nephrotoxicity, particularly in metallothionein-I/Il null
mice. Appl. Toxicol., 147: 157-166

Yuri, C., KH. Ahn, M.J. Back, J.M. Choi, J.E. Ji, JH. Won, Z. Fu, JM.
Jang and D.K. Kim, 2012. Age-related effects of sodium arsenite on
splenocyte proliferation and Th1/Th2 cytokine production. Arch.
Pharmacol. Res., 35: 375-382

(Received 23 June 2014; Accepted 06 September 2014)



