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Abstract

Arsenic (As) is a colorless and tasteless natucalfurring metalloid found in water, air and soihere are two forms of As,
i.e., inorganic and organic, the former form issefious health concern. In Pakistan, mainly intsenat and central parts, the
ground water level of As is very high (up to 10§/L) as against WHO limits (10g/L). In Sindh and Punjab, over 36 and
20% of population is exposed to As contaminatidme population is exposed to As by poultry and ahpraducts, drinking
water, fumes, dietary sources and dust with thiedsigconcentration in seafood, mushrooms andAgalters the physiology
of the organs leading to various pathological dists. This review deals with pathophysiology armdied-histopathological,
immuno-pathological and toxico-pathological effemft#\s in birds and mammals. © 2014 Friends Sci¢hdalishers
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Introduction

Poultry industry is one of the most important lieek

oxygenated fresh water systems (Irgolic, 1982;a0wi Liu,
1988).
In Pakistan, mainly in southern and central paks,

sectors in Pakistan and is expanding very rapidlyground water level of As is very high (up to 109/L) as

particularly for the last decade (Javaidal, 2012; Islanet
al.,, 2013). This sector has played a vital role ivesty
alleviation particularly in the rural areas by gettieg direct
or indirect employment for both male and female
community (Islanet al.,2012). Poultry meat is contributing
about 19% of the total meat production in the cguand is
providing affordable production of good quality ritibus
animal protein (Adzitey and Huda, 2012). However,
intensive poultry farming is still facing many iefeus and
non-infectious problems like various diseases dfidrent
forms of toxicity including arsenic toxicity (As)ypecially
in areas where ground water level of As is much hig
Heavy metal toxicity is one of the major abiotiess
leading to hazardous effects on biota (Jaketeal, 2012;
Javed, 2013). This is because heavy metals biovadates
through water and food (Palaniappan and Vijayasamia
2009; Javed, 2012; Naz and Javed, 2013). As ixia to
element widely distributed in nature, such as watet soil
(Tanet al, 2014). As is a semi-metallic element found in
soil, groundwater, surface water, air and varimed$. As
occurs naturally in the earth’'s crust with higher
concentrations in some geographic areas and in sgpes
of rocks and minerals (Dukest al., 2005; Anonymous,
2005). Inorganic and organic forms of As are presethe
environment, of these inorganic form is of seritwslth
concern (Lima et al, 2010). The arsenates

compared to WHO limits (10g/L). Studies conducted by
Wadhwaet al. (2013) indicated that As contents in drinking
water and food were found B5 folds greater than
permissible limits in southern parts of Pakistan.Sindh
and Punjab, over 36 and 20% of population is expasés
contamination (Islanet al, 2009). The discharge of As in
the environment has resulted due to natural and
anthropogenic activities and is found in air p&s¢ soil
and food (Wang and Mulligan, 2006; Wright and Belit
2010). The population is exposed to As by poultng a
animal products, drinking water, fumes, dietaryrses and
dust with the highest concentration in seafood,moams
and rice (Dattet al.,2012). Nutritional factors can alter the
host response to environment toxicants. Nutritidies may
be able to inhibit or reverse the toxic mechanidmAs,
whereas a diet with increased concentration inesedse
susceptibility to adverse effects of As (Vahter,020
Lindberg et al., 2008). This review deals with
pathophysiology and clinico-histopathological, immu
pathological and toxico-pathological effects of iAsbirds
and mammals.

Pathophysiology of As toxicity

Arsenic is a colorless, tasteless and naturallyseme
metalloid element found in water, air and soil (Hzral,

(Na;HAsO,.7H;0) are thermodynamically considered to be 2012). As is present both in organic and inorgémims in
more stable than the arsenites in underground anenvironment. Organic As compounds are mostly nacitox
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while inorganic As compounds are toxic which arestiyo ~ energy production (Aposhian and Aposhian, 2006)s Th
found in surface and ground water (Fenigl.,2001; Lage  disruption leads to discharge of an apoptotic intuéactor
et al, 2006; Limaet al.,2010; Bartekt al, 2011). As enters  from mitochondria, ultimately leading to cell deé#kay et
the body via diet and drinking water and its abonp  al., 2004). Pentavalent As replaces phosphorus in devera
mostly occurs in small intestine. It is also absdrthrough  biochemical reactions. So instead of the produciicstable
inhalation and skin contact (Hertz-Picciotto anditBm phosphorus anion, less stable AsV anion is produced
1993; Centenet al.,2002). leading to hydrolysis of ATP. In citric acid cyclés
Arsenic accumulates in almost all organs, mainly i hampers succinate dehydrogenase enzyme and compete
the liver (Cullen and Thomas, 2000) where biomeitiyh with phosphate to disengage oxidative phosphooylathus
of As takes place producing monomethylarsonic acidobstructing mitochondrial respiration, reduction NMAD*
(MMA) and dimethylarsinic acidDMA) (Buchet and and ATP creation. For carcinogenicity, potential
Lauwerys, 1988). MMA and DMA disable many enzymes mechanisms include genotoxicity, oxidative stredtgred
which are involved in the cellular energy productiand cell proliferation, altered DNA methylation, co-
repair or synthesis of DNA. As antagonizes phosphat carcinogenesis, and tumor formation (Sadtaal., 1999;
during ATP synthesis and also binds with sulfhydmgups Hughes, 2002; Flora, 2011).
of numerous enzymes when in reduced form, which are Trivalent As inhibits many cellular enzymes by
vital for cellular metabolism (Brouweet al., 1992). binding with sulfhydryl group. It also prevents the
Individuals exposed to As have different nucleotiééetion gluconeogenesis, cellular uptake of glucose, faityd
repair mechanism, thus altering the DNA repair pssc  oxidation and manufacturing of acetyl CoA. To rdvea
(Andrew et al., 2006). Inorganic As is mostly present in oxidative stress, trivalent As stops the creatioh o
arsenite [trivalent {As(lll)}] and arsenate [pensdent glutathione, which is a tool for protection of seligainst
{As(V)}] forms. These can be either methylated alsIMor oxidative injury (Milleret al, 2002; Watanabe and Hirano,
dimethylated as DMA. The inorganic As metabolism 2013; Wanget al.,2014). As also produces oxidative stress,
comprises of reduction process in which teectron modifies monocyte superoxide anion formation and
reduced from pentavalent to trivalent As and thaction is  prevents nitric oxide production (Flora, 2011). e
catalyzed by glutathione enzyme. By oxidative mietiign trioxide (As0s) also inactivates endothelial nitric oxide
of MMA and DMA, pentavalent organic As is produced synthase enzyme, which reduces the formation and
(Jomovaet al, 2011). The trivalent forms when react with bioavailability of nitric oxide. It also has beeslated with
thiol groups become more toxic, while toxicity diet prompting atherosclerosis, snowballing plateletregation
pentavalent forms is less but hamper oxidative and decreasing fibrinolysis (Balakumar and Kaug0
phosphorylation. Almost all organs are affected Ay Inorganic As in drinking water and food items has
toxicity. Trivalent inorganic As binds with sulfhgd been associated with lung and bladder cancersvierae
groups of  dihydrolipoamide inhibits  pyruvate countries including Pakistan (Wadhegal, 2013). As is a
dehydrogenase. As a result, transformation of @tauto carcinogenic metalloid based on the augmented encies
acetyl coenzyme-A (CoA) is reduced, citric acid leyc of lung and skin cancer perceived. Inorganic As is
activity is lessened and manufacturing of celldiP is methylated in the body by changing reduction of
diminished. Trivalent As impedes several additiaalular pentavalent As to trivalent and adding a methyligrisom
enzymes by binding with sulfhydryl group. TrivaleAs S-adenosylmethionine. The prime site of As metiytais
hinders the uptake of cellular glucose, fatty amigiation, liver, although most of the organs display As miztiyg
gluconeogenesis, and additional production of Ac@bA. activity. The finished products are MMA and DMA. dih
It also chokes the formation of glutathione, aseauit reactivity with tissues is less and freely evaatiate the
discontinues cellular oxidative damage (Flora, 2011 urine, though, intermediates may be produced whieh
Pentavalent inorganic As transforms into trivalést and further reactive. Arsenate (AsV) is quickly redudedblood
thus produces toxicity. The important point is that to Aslll, which proposes high toxicity. There anglications
pentavalent As bears a resemblance to inorganispblate  that subjects having less MMA in urine have fastenoval
and alternates for phosphate in glycolytic andutall  of ingested As in comparison with more MMA in urine
respiration pathways. As a result, formation ofhhégpergy  (Hossainet al.,2012). It is known that As toxicity is linked
phosphate bonds stop and separation of oxidativeto its chemical nature. As is incorporated by c#il®ugh
phosphorylation takes place. In the company ofppaiént  aquaporin (family of membrane channel proteins) in
As, adenosine diphosphate (ADP) produces ADP-atesena animals, then it biotransforms and its metaboldas also
as a result ATP and high-energy phosphate bondsT Bf cause lesions of toxicity. So, the biotransformmatif As
are vanished (Anonymous, 2012). Reduced statévafent should be taken as a bio-activation pathway whatises
As combines with thiol groups of enzymes and pnstei As toxicity (Ventura-Lima et al.,, 2011). Multidrug-
which hinder the catalytic activity of these enzgme resistance proteins conjugate with As and elimuhaty
(Aposhianet al.,2004). Pyruvate dehydrogenase enzyme isglutathione peroxidase (GSH); however, researobgsrts
inhibited by As metabolites, which disturb the okt that the mechanisms of inux and efux take place i
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mammals. As can disturbs signaling pathways in malsaim
It has been reported that As can encourage ox@latiess
in mammals and also some marine animals (Poetsah

In the literature, it is evident that PSAP playsaative role
in preventing apoptosis, stimulating cell proliteva and
survival (Koochekpouet al, 2005; Liet al, 2011). Second

2006). AsO; has been reported to cause a substantiakell growth associated gene HNRNPD is known as

extension of cardiac action potential length at ynstages
of repolarization, creates conduction interrupti@md
amplifies triangulation (Raghet al, 2009).

Clinico-pathology of As Toxicity

It is clear from Table 1 and 2 that various fornisAs
produce a wide range of clinical signs at 0.0500 Bpm
dose. Toxicity signs also vary from species to Esedhe
As toxicity in chicken causes depression, ataximeness
and stunted growth (Nandt al, 2006; Sharaét al, 2013),
body weight loss (Guet al, 1989; Albertet al, 2008), less
feed consumption, loss of appetite, sour mouthndss and
neurological disorders (Haldet al, 2007). Not only in
birds but also in humans, &3; causes various signs like
duliness, depression, increased frequency of d&faca
excessive salivation and keratosis (Table 1).

Valentine et al (2007) reported ataxia with intense
muscle fasciculation succeeding to recumbency aluitiy
bloody diarrhea in As intoxicated cattle. The bagig of
clinical signs was at least 12 h after the catfd bained
entrance to the contents of old constructions ueed
storage, and the greatest of deaths happened Rithim 48
h after the appearance clinical signs. Rapid angree
autolysis considered more than expected for thermrtem
interval.

Body weight lost up to 15% with high doses of MMA
has been reported. Diarrhea and respiratory distrese
recorded in rats and mice with the treatment of Misi#d
DMA (Stevenset al, 1979). MMA was the major form of
As found in the blood plasma whereas DMA was preisen
the kidney and liver tissues (Naradial, 2006; Albertet al,
2008).

Not only toxicity is observed but also some bariaffi
effects of As have been reported. There was signily
improvement in feed utilization and egg production
Japanese quails with dietary addition of 50 and hagkg
of arsanilic acid; however, the concentration of iAghe
tissues and feces in these birds was higher thaoritrol
birds (Desheng and Niya, 2006). Broiler birds witled
supplementation of 45.4 mg/kg roxarsone showedugilad

adenylate uridylate-rich (AU-rich) element RNA bimgl
protein 1 (AUF1), belonging to subfamily of ubiquisly
expressed heterogeneous nuclear ribonucleoproteins
(HNRNPs). It plays a role in regulating the stapilof
mRNA by mediating the degradation of cytokine anotg
oncogene MRNA (Moraest al., 2003; Li et al, 2011).
HNRNPD can also increase the metabolism of lipitts @

a result affecting the cell growth. Two genes nmed
above showed expression changes due to the supylefe
roxarsone, which suggests their involvement in ahim
growth (Tschernatscét al, 2006).

Toxico-pathological Effect of As

Arsenic causes both acute and chronic toxicities \iariety

of organisms (Table 1; Table 2). Toxic effectsrafrganic

As included denaturation of cellular enzymes bgriatting
with sulfhydryl groups (Graeme and Pollack, 199&pél,
2000) that results in cellular damage through meee
reactive oxygen species (ROS) (Waataal., 1996; Ahmad

et al., 2000) and altered gene expression (Rossman, 1998;
Abernathyet al., 1999). The effects on cellular metabolism
have been reported to be distressing mitochondrial
respiration (Klaassen, 1996) and synthesis of @nerg
(Winship, 1984). Ellenhorn and Barceloux (1988)oréd
that due to structural resemblance to phosphateeplaces
phosphorus from bones.

Arsenic usually does not spare any organ of thg.bod
Toxic effects of sodium arsenate (22.5 ppm) in kinig
water of mice showed proximal tubular congestion an
atrophy along with glomerular swelling and inteisti
fibrosis and nephropathy (Yupingt al, 2000). Sodium
arsenite @ 13.5 mg Kgalso induced acute renal injury in
mice (Akihiko et al, 2004). Neurotoxicity in the brain of
mice treated with A®; @ 2 ppm/day in drinking water
reported as loss of neurons, nuclei, vacuolatioRurkinje
cells and degenerative changes in cerebellar cortex
(Fengyunet al, 2005). Due to toxicity of As liver showed
vacuolation, congestion and condensed nuclei (E)g.
whereas kidneys exhibited congestion, epithelialroms
and sloughing of tubular epithelium from basement

and signicant development performance; however, amembrane (Fig. 2). Hemopoietic tissues also showed

signi cant As rise in liver was seen. Results acited that

pathological lesions (Yasmiret al, 2011). With the

the part of roxarsone could be mainly to change thetreatment of As, intestines of broiler chicks shdwe

manifestation levels of cell development, immunitgd
metabolism of energy related genes,
motivating animal development (lgt al, 2011). Mainly

sloughing of epithelium from the villi and infiltian of

consequentlyinflammatory cells between the crypts (Fig. 3).

In fish As toxicity is also a major problem whérbas

there are two genes, i.e., PSAP and HNRNPD assdciat rendered many pathological changes.,OAshas been

with cell growth recorded during roxarsone treatmen
Prosaposin (PSAP) is the precursor of saposins, tiaad
sequential cleavage from the N-terminal region peoed
four mature saposins, A, B, C and D (Hiraietaal, 1993).
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reported to cause apoptosis of fin cells (Wanhgl, 2004),
hyperplasia and necrosis of liver (Ped&r al., 2002),
inflammation, edema and fibrosis of gall bladdeogkzll et
al., 1991), kidney fibrosis (Kotsanis and lliopoulou-
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Table 1: Clinico-pathological effects caused by arsenicxtde in various species

Species  Dose Signs Lesions References
Man Dullness, depression, defecation, saliva Redness of gastric, intestinal and abon Junet al.(2008)
keratosis mucosa, submucosal edema, epithelial
necrosis, fluid accumulation
Buffalo 50 mg/L water Despair, prostration, loss of weigAnemia, Congestion and hemorrhage Ranaet al.(2008)

weakness, dehydration, anorexia, blointestine, liver and in kidneys, dermatosis
diarrhea, ruminal inertia, exhaustion, red
urine, drydull rough, epilated hair coat a

anestrus
Fish 0.5, 10ppm Not Reported Apoptosis of fin cells, fibrosis of kidneyPedlaret al. (2002); Wan(
gall bladder, hepatic vacuolization et al.(2004),
Saxena and Saxena (2007)
Rat 0.4, 4 and 40ppm Decrease water, feed intake amdtygr ~ Hemorrhage in intestine, Hepatic steat(Nain and Smith, (2012)

fibrosis, renal tubular necrosis
5 & 10 mg/kg b.wt.  Food intake and body weight gagreased Maternatieath, kidney and liver weigHolsonet al.(2000)
decreased, stomach abnormalities (adhe
and eroded areas)
10 ppm Decreased growth increased levels of As in blood, liver ¢ Nandiet al.(2006)
kidneys
Loss of appetite, increased bcAtaxia, muscle fasciculation progressinc Dwivediet al.(2011)
temperature, decreased body weight recumbence.
Ducklings 100 mg/L of water Depression, decrease body weight, red Not Reported Islaret al. (2009)
feed intake, dullness and ruffled feathers

Georgudaki, 1999), and the generation of varioas $igock T § <
proteins (Kothary and Candido, 1982). Various '&‘, ¥

R Pe % '."".ﬁ
> 0% o zb a8 | ‘\:!
: 7

morphological changes, as well as increased nurober % ,ﬁ\'?." ~ % s i s o
necrotic bodies and vacuolization in hepatocytefishfhas ~ \* 5w #5us' o9 L4 N r% ) J!
been reported (Sorensenal.,1985). P St ;v. P ';,‘j" o 4 ?"" o 2 %
Lymphoid organs are also not spared by As toxiaity g FS.* 2y k y o PO s
fish. Saxena and Saxef(2007) reported histopathological o juefa v 0r s o W W v ..
lesions in lymphoid organs such as hemorrhages) alith ¢ [ A RCI 0T 3 T NS A
congestion and lymphocytic infiltration of liverckidneys. (PRt M At 4 /;" T Ot
Yadav and Trivedi(2009) found significantly increased &« » s "y o ok “.
frequency of micronuclei due to As toxicity in fisfihe > T ot S 28 ks SRELST 1
reproductive effects in fishes include disruptidnogarian Ny, N N ot 4 “‘ - e ks
cell cycles (Wanget al., 2004), inhibition of follicle BRSBTS LY IR FIRY P o ‘o
development, damaging spermatogenesis and degenera = ’ y W 5 T RGNS S e

of testes (Shukla and Pandey, 1984).

Nemecet al. (1998) reported prominent clinical signs
in As intoxicated rabbits as loss of appetite, padion,
constipation and ataxia, whereas, on necropsy thae
pale soft liver, molted kidneys, dark area in stdmand
congested lungs. In Wistar male rats treated watlriéxide of the skin was observed (Geiral, 1989).
histopathologically, myocardial selling, intestieglema and Li et al. (2010) estimated the oxidative DNA damage
lymphocytic infiltration, fibroblastic proliferatio and  and pathologic changes in kidney tissue of micatéewith
myocardial necrosis in heart were noted (Sketrifl, 2005).  As,0s;. Histopathological lesions recorded as cell snwglli
As toxicity in mice exposed to As containing wadér30, tubular dilatation, lymphocytic in ltrations, lossf cell to
150 and 300 ppb resulted in histopathological chartgat  cell contacts and loss of brush border in the efiitins of
were mild to severe type of necrosis and deteifmyat proximal convoluted tubules. As intoxication reedlin the
alterations in liver and kidneys, splenocytosis andgeneration of ROS and led to cell injury or ne@dlrough
proliferation of connective tissues (Rubitaal, 2008). the ROS signaling pathway. Reduction and vanisluhg

Female mice exposed to 51 mg As/kg/day showedBowman’s capsule were noted in the glomeruli, gliarise
decrease and increase in lymphocytsd monocytes, capillaries were dilated and hyperemic and there was
respectively. Non-neoplastic changes were obsdrvede mild cellular proliferation detected in the glomeruli.
urinary kidneys and bladder. There was an incr@aske These pathological alterations might be associaiethe
vacuolization of urinary bladder. An increase in As-tempted rise in oxidative stress (Chakrabaetyal,
glomerulonephropathy, nephrocalcinosis and fibmsaa  2013). The proximal convoluted tubules and podacyie

Fig. 1. Liver of As treated broiler chicks showing
vacuolation (arrow), congestion and condensed hucle
(arrow head). H & E. 200X (Mashkoet al, 2013)
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Table 2: Clinico-pathological effects caused by sodium aasgnsodium arsenite and other forms of arseni@iious

species

Arsenic type Species Dose Signs

Lesions

References

Sodium Goat 25mg/kg Gastrointestinal and  rer Coagulative necrosis ikidneys, liver fibrosis Biswaset al.(2000), Royet al.
arsenate disturbance, 100% mortality pneumonia (2009)
Rat 0.05ppm, Not Reported Necrosis and degeneration of bronchiJadhavet al. (2007), Singhet
5ppm epithelium, liver fibrosis al. (2010, Ghataket al.(2011)
Broiler 0.8 to 6.7Decreased body weight, eNot Reported Vodelat al.(1997)
ppm production, egg weight, mc
embryonic mortality
150ppm  Decrease feed intake, I(Ecchymotic hemorrhages in heart, conge:Vodelaet al.(1997)
weight gain, increase FCR ~ and hemorrhage in liver, tiestine, degenerati
spleen
Ducklings 30,100 aniDecrease growth, increeLiver congestion, necrosis and fibrosis, se Camardese et al. (1990),
300 mg/kg mortality, tremors andegeneration of brain Whitworth et al. (1991),
convulsions Hoffmanet al. (1992)
Catfish 1 ppm Not Reported Wear and tear of Skin, sloughing of the epith' Singh and Banerjee, (2008)
cells, degeneration of the club cells, mucous
hyperplasia and hypertrophy, vacuolization
cytoplasm, DNA and RNA contents decreased,
Sodium Goats 50 mg/kg bGIT disorders and renHemorrhagic and degenerative necrotic les Biswaset al. (2000)
arsenite Wt. insufficiency, 100% mortality, proliferative pneumonia in lungs, hyperplastic
Goiter in thyroid and chronic prolifative lesions c
skin, As- residues in all organs and highest ierliv
Rat (male) 100 mg /k¢ Decreased feed and water int Not Reported Yu and Beynen, (2001)
b. wt. and body weight gain, increas
liver weight
Albino 100 ppm  Not Reported Hepatomegaly, Splenomegaly, Jadhawet al. (2007)
Wister Rats
Rat Not Reported Inflammation of spleen, bladdeticama Kaliaet al (2007)
Mice 200 ppm  Not Reported Hepatofibrogenesis, liver inflammatic Wu et al (2008)
steatosis, and hepatocyte degeneration
49 ppm Not Reported Increasing the number and size of nedkteelet al.(2008)
inflammatory foci, increase in proliferati
hepatocytes
Rat 50 ppm Not Reported Cytotoxicity, necrosis of the urothelial up|Suzukiet al (2010)
layer, higher cell proliferation and hyperplasia
Arsenic acid Rabbit 3mg/kg Anorexia, prostratior Pale liver, molted kidneys, congested lungs Neetet. (1998)
constipation, ataxia
Roxarsone Broiler 45.4 mg/kg Increased  chicken growth Increased of As residue in liver had seen. Alte Li et al.(2011)
birds performance appearance levels of cell development, immt

and metabolism of energy related genes

Conversions 1 ppm =1 mg/kg = 1 pg/g, 1 ppm = 1 mg/l = 1 ug#Mb00 ug/L= 16

Table 3: Immuno-pathological effects caused by As in vargpscies

Arsenic type Specie  Dose Effects References
Sodium arsenite Rat 0.25-®™ Impair T-cell activity, cytokines, interferon, decreiQianet al.(2010),
antibody response to SRBCs Yuri et al. (2012), Claudiet al.(2012)
Broiler 1-10 m Delayed hypersensitivity, decrease phagocytic gt Manoj et al. (2008), Subhashrest al.
cytokines and interferon production (2010)
Arsenic trioxide  Rat Decreased Neutrophils and macrophages Retchle2004)
Mice 50 g/nt,1mg/mi  Decrease humoral response Seottl. (2009)

Fish 2-10 ppb

Gallium arsenide  Mice 50, 100, 200 g/kg

Low spleen leukocytes, decrease Bardls

Debabratet al. (2006),
Nayaket al.(2007).

Decrgameluction of cytokines, Tell activity and aniSikorskiet al. (1991)

bod response to SRBCs

the Bowman's capsule may be more vulnerable to As-

tempted nephrotoxicity due to their anatomical fiasiand
high reabsorptive activity (Wareg al, 2014).

In rats intoxication with different doses of Asosled
that maximum sings were observed in group treatetD@
ppm Aslll in diet. As induced cytotoxicity and nesis of
the urothelial superficial layer, with increased Il ce
proliferation and hyperplasia (Suzugial, 2010). Wu et al.

1217

(2008) noted inflammation of liver, steatosis {fdliter),
hepatocyte deterioration and fibrosis in sodiumerate
treated mice. Arsenite produced more severe eftbets
arsenate. It was concluded that chronic inorgante A
exposure in mice harvests liver injury and a high diet
significantly increasesAs-inducedhepatofibrogenesié/\Nu
et al., 2008). Dietary inclusion of 50 and 100 mg/kg of
arsanilic acid resulted in increased egg produdiiat feed
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exposure of As in the rats at different doses (0.@,and
40.0 ppm) resulted in decrease water and feed entak
whereas, growth rate was not affected. Similarlggd&aet

al. (1997) reported that As intake through drinking evat
resulted in decrease feed intake and weight gaioraifer
breeders. Debendranath and Dasgupta (2010) repiwted
lesions of chronic As toxicity appearing due tankig of

As contaminated ground water included keratosis,
bronchitis, chronic obstructive pulmonary edeman-no
cirrhotic portal fibrosis, polyneuropathy, non-pitf edema
of feet or hands, conjunctiva congestion, weakreass
anemia. High concentration of As (200 mg/L) wasfbto

be associated with increased risk of stillbirtmgwcancers,
skin and urinary bladder. Laslet al. (2004) reported that
As concentration in liver and muscle tissues oflippbirds
was highest as compared to other organs.

Camardeset al. (1990) fed mallard ducklings on a
diet containing 30, 100 or 300 mg/kg (sodium artsrar
10 weeks. As was stored considerably in brain aed fed
100 or 300 mg/kg but did not showed any histopatioal
lesions. In a similar study, Whitwortt al. (1991) reported
that the highest concentration caused a signifizamease

\3\‘ :f'-’._: < g 4 in resting time and abnormal behavior. Ducklings3a0
;;’\7- 4w 3“_::'_ A, g mg/kg spent more time under the heat lamp. Arsemeade
,’.',v'i'-‘"‘“-ﬁf ;.,.-‘l;“‘f"‘..:u,;"». e, e i & Y e AT no effe_ct on growth and feeding behavior on a_diet
oy g‘“";; :‘,[ f & R “H{-;"‘-; L%, o - Y containing 200 mg/kg for 4 weeks. However, duclding
b :‘\, z-’.“‘\".‘j‘g; ‘\:';,! o 4 : grown on diet deficient in protein, the same arsemise
= SN 4 & G resulted in significant reduction in survival amab\gth rate
Nl Cod > it (Hoffman et al., 1992). Stanleyet al. (1994) reported that
&‘? f e WP 2N Vo' 400 mg/kg sodium arsenate has been resulted in
L:Q-;;f'i 5 - 0 4 significantly decrease in growth rate of ducklings did
€ LRI e not affect survival rate.
B ‘ o “«r, 3 Mahaffeyet al (1981) reported parenchymal swelling
L ] 1 and mild hepatic steatosis, swelling, necrosis sexere
Lo, ¥ w3 2 fibrosis in periportal areas of affected liver af due to As
57, ?_I‘.""_.‘ . feeding. Sodium arsenate at low (0.05 ppm) and [figh
2T "’ 5 ppm) doses resulted in necrosis and degeneration of
N bronchiolar epithelium with emphysema and thickgnirf

alveolar septa of lungs (Singh al.,2010) and severe liver
inflammation, steatosis, fibrosis and hepatocyte
degeneration (Wwet al., 2008). However, Kaiseet al.

Fig. 2: Histopathology of kidneys. a) Control birds _(1985_) reported hemorrhage, convulsions and regchithe
showing normal histological structure, b) As-tredeciler ~ intestinal tract of mouse treatment,8g _
chicken showing congestion, condensed nuclei (arrow In broilers sodium arsenate @150 ppm resulted in
heads), epithelial necrosis, sloughing of tubufiithelium  decreased feed intake and weight gain with increésed
from basement membrane (arrows), and c) As+Vit C conversion ratio (FCR). Gross lesions included wedtic

showing congestion and few condensation nucleingig, ~ hemorrhages in heart, congestion and hemorrhagesein
X40 for all panels) (Khaet al.,2013) and intestinal mucosa, swollen kidneys and degeetera

spleen. Histologically birds showed disruption efrdiac

utilization in Japanese quail with the higher comiion of ~ Muscle bundles, sinusoidal congestion, focal arefs
As in the feces and tissues as compared to cogtooip ~ lymphoid aggregation, disrupted villi, mucosal cesiipn
(Desheng and Niya, 2006). Gross lesions were redoies and infiltration of mononuclear cells in kidney, eveas
the gastric, intestinal, and abomasal mucosa, pemhi spleen and bursa of Fabricius revealed depletion of
submucosal edema, epithelial necrosis, and massivé&/mphocytes, hemorrhages, and cystic spaces (Vetela
accumulation of fluids in intestine (Beasketyal.,1994). 1997; Kalavathet al.,2011). _

Nain and Smith (2012) reported that the subchronic ~ Ai-zhi and Zhen-yong (2007) studied the effeciAsf
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Fig. 3: Photomicrograph of intestines of broiler chicks
treated with As showing sloughing of epitheliumnfrahe
villi (arrow head) and infiltration of inflammatorgells
between the crypts (arrow). H & E. upper) 200X kwvaer)
400X (Sharakt al, 2013)

product p-amino phenylarsenic acid (PAPAA) on body
weight and immune organs in chickens. Two hundreti a
eighty day old male chickens were randomly divided 7
groups fed with basal diet supplemented with 01G0,

Fig. 4: Down-regulation of survivin expression by arsenic
trioxide (ATO). Representative photomicrographs of
immunohistochemical staining detected on liveutsS he
arrowhead indicates the representative positivds.cel
Tumor-peripheral tissue in the control (a) and expental
group (b). Tumor tissue in the control (c) and eixpental
group (d). Scale bar = 10n (Li et al, 2013)

et al., 2006). It acts on mitochondria, where it uncouples
mitochondrial oxidative phosphorylation, which iaturn
produces ROS. In published literature, it is weltuimented
that As is immunotoxic (de la Fuentet al, 2002;
Chakrabortyet al, 2013). It also interferes with splenic
macrophages functioning of antigen-presentatiorictwis
then able to alter reaction of antibody-formingsér IgM
and 1gG to sheep erythrocytes, and also proliferati
response of lymphocytes (Sikorsi al, 1991). Moreover,
phagocytic activity of macrophages was also founde
significantly decreased by As exposure in birdsriFather

et al., 1994; Vodelaet al., 1997). Generally, As can
interrupt the glucocorticoid regulation of immunenétion
(Kaltreider et al., 2001). As caused apoptosis which may

150, 200, 250, 300 mg/kg PAPAA. After 70 days every |ead to a reduced immune response in mice (Harasoh

group was weighed and killed. The main immune agan
including spleen, thymus and bursa Fabricius wegiglhed
and their absolute and relative weights were cafedl
Conclusively, the groups fed with 150, 200, 25@) 8@y/kg
PAPAA had significantly higher body weights and iome
organs weights as compared to control group andriep
fed with 200 mg/kg had the most significant inceeaSo

McCoy, 2001), rats (Bustamangt al., 1997) and humans
(de la Fuenteet al., 2002). Furthermore, exposure to As
caused the suppression of primary antibody response
(Sikorski et al., 1991), reduced macrophage and neutrophil
number (Pattersoet al.,2004), was more prone to infection
(Aranyi et al., 1985), increased death rate due to bacterial
infection (Hatchet al.,1985) and decreased chemotactic and

PAPAA can enhance chicken’s body weights and immunephagocytic indices (Sengupta and Bishayi, 2002hdBis

organs weights.

Immuno-pathological effects of As

Arsenic a heavy metal known to cause tissues dambge
various systems including the immune system (Taplés
exposure, alongside of its general toxicity may affect
monocyte, lymphocyte and macrophagic activity
mammals, resulting in immunosuppression (Blaldewl.,
1980; Yang and Frenkel, 2002; Dulgral., 2005; Sakurai

in

and Sengupta, 2003).

Arsenic intensified the transforming growth faetor
(TGF-), granulocyte macrophagic-colony stimulating
factor (GM-CSF) and TNF-in keratinocytes of human
(Germolecet al.,1996), and IL-1 and IL-8 in keratinocytes
of murine (Yenret al.,1996; Corsinkt al.,1999). Moreover,
As resulted in the promotion of the expressioneaeptors
(IL-1, IL-6 and IL-7) and inducible nitric oxidaggNOS) in
the epithelial cells of rat liver (Chext al.,2001). it has also
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been shown to decrease the expression of variceptors
like IL-2 (Yu et al.,1998), IL-1, IL-1 , IL-8, IL-12, IL-18,
TGF- 1, TGF-2 and monocyte chemotactic protein-1
(Yang and Frenkel, 2002).

The immune dysfunction in mice treated with argeni
(As™) resulted in impair T-cell multiplication and pration
of cytokines in response to subtoxic doses of @esen
splenocytes of both young and aged mice. Moredvalso
resulted in decreased production of interleukimrleukin-

4 and interferon- by splenocytes from young mice and IL-
10 by splenocytes in aged mice. It was revealed ttea
production of IL-2 and IL-4 by splenocytes from dguice
was affected by arsenicenite that lead to dectieasamune
response (Yurt al.,2012; Claudiest al.,2012).

Rachel et al. (2004) investigated hypersensitivity
responses in As-treated mice in the induction dindagion
phases of dermal sensitization. They reported t&num
the number of circulating neutrophils and thiogliate-
induced peritoneal macrophages. The
population and
prolonged exposure of sodium arsenite. Achagyaal.
(2010) investigated the carcinogenetic and immugictd
effect in As-treated mice. The damaging consequseweee
assessed by FACS readings that
programmed cell death cascade in lymphocytes. Mereo
neoplastic changes were noted under the influefickso
Qian et al. (2010) reported that sodium arsenite had
suppressive effect to antibody response imivo andin

concentration in drinking water resulted in 50-foidcrease

in viral load and 17-fold increase in bacterialdda zebra
fish. Moreover, bacterial post-As-exposure infattio
showed at least 2.5 to 4 folds drop in interleukinand
tumor necrosis factor-levels, respectively (Nayaét al.,
2007). In another study in catfish, .85 treatment resulted
in significant decrease in splenic leucocyte cowtile
histological studies indicated changes in cellular
composition of spleen those led to tissue-speaiid time-
dependent changes in the function of T and B cells
(Debabrataet al.,2006).

As and Carcinogenicity

Other serious concern of As is carcinogenicity (Wealet
al., 2013). As may alter one or more DNA repair psses.
According to Andrewet al. (2006), patients exposed to As
have different nucleotide deletion repair, whickinétely

immune cellsresults in carcinogenesis. Moreover, DMA has bewted
immune responses decreased due tm several genotoxic effects, including DNA stratmisaks,

formation of apyrimidinic and apurinic sites, inase in
oxidative stress by oxidation of DNA bases, formatof
proteins-DNA cross linkages and chromosomal abenst

showed specifi¢Kitchin, 2001; Coelhoet al., 2013; Xie et al, 2014).

Clastogenic effects of As have been resulted duleighb
affinity of As to sulfydryl groups. Not only DMA hu
roxarsone (3-Nitro-4-hydroxyphenylarsonic acid) oals
causes mutation and DNA strand breaks (Ste.,2014).

vitro studies. Spleen cells were isolated from C57BL/6JIn male Syrian golden hamsters, arsenic trisulfatel
wild-type male mice and treated with sodium argenit calcium arsenate intoxication resulted pneumonia,
Immunotoxicity assays were used to determine the T-metaplastic ossification and emphysema in lungsgataith
dependent antibody response and antibody respanse tadenoma and malignant tumors (Goran and Nils, 2004)
sheep red blood cells (SRBCs). Spleen cell vighilas not As mentioned above As toxicity leads
changed following 4 days of As treatment, howevbe, carcinogenicity. In this field, survivin has redgnbeen
antibody response showed suppression due to Asdteat identified as an inhibitor of apoptosis protein §idainet al.,
From the results of the above studies, it can baeed that  2009; Li et al, 2013) with unclear pathophysiological
As in one way or the other is immunotoxic and Iewre functioning. Having unique structure, survivin hbeen
immunity in the affected individuals. reported to be expressed in various cancers anmddzrang

This interpretation is further substantiated bptSet developmental stages of embryo (Upadhyayal, 2007;
al. (2009) who reported that immunotoxicity of ;&85 in Hebbet al.,2008). In this way survivin (Fig. 4) might be a
mice resulted in reduction of primary T-dependentibady new target for the malignant tumors diagnosis (Mital,
response and greater than 70% in humoral immupemes  2008; Hiranoet al, 2014). Survivin has also been recently
towards sheep red blood cells. Sikorskial. (1991) also  found in the involvement in apoptosis induced byGAgLi
endorsed such ideas by reporting that GaAs expésdirie et al., 2013). So we may anticipate more functions of this
decreased capacity of splenic macrophages to ames protein in future.
present the particulate antigen SRBC. In broileicksh In conclusion, As, naturally present in groundwater
significantly reduced body weight gain, weight gleen, air and soil enters in body through diet and drigkivater
thymus and bursa of Fabricius with As-treatmeni als and its absorption takes place mostly through small
indicated immunological functions (Manej al, 2008). It intestine. In the body, it causes various pathokigi
was further reported that the metalloid signifitant changes, which are depicted in various forms oficdi
depressed the ability of peripheral blood and s$plen signs and lesions. Toxicity signs of As varies frepecies
lymphocytes to proliferate. The delayed type to species. In chicken causes depression, ataisgness
hypersensitivity response was also significantlgrdased. and stunted growth, body weight loss, less feed
The suppression of cellular and humoral immunearesp  consumption, loss of appetite, souring of mouthindas
has also been reported (Subhasketed, 2010). and neurological disorders. In mammals As causgeus

In zebra fish, the toxicity of As from 2 to 10 ppb signs like dullness, depression, increased frequenfc

to
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defecation, excessive salivation and keratosis.césses
both acute and chronic toxicities in a variety gfamisms.
Toxic effects of inorganic As included denaturatioh
cellular enzymes, cellular damage through
reactive oxygen species, oxidative stress, altegede
expression, genotoxicity, carcinogenicity
immunosuppression. As is naturally contaminatingugd

increase(

Balakumar, P. and J. Kaur, 2009. Arsenic exposace @ardiovascular
disorders: an overviewZardiovasc. Toxical 9: 169176

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

and Beasley, V.R., B.C. Dorman, F.D. Fikes and S.Gn®jd994A Systems

Approach to Veterinary Toxicology University of
Champagne

lllinois,

water of provinces of Sindh and Punjab where atesom Bishayi, B. and M. Sengupta, 2003. Intracellulavisal of Staphylococcus

places its level exceeds (up to 1G§iL) WHO permissible

limits (10 g/L) and affects over 36 and 20% of population.

As it is naturally occurring, therefore, there isecheed to
find out some useful chemicals, vitamins, mineralsch
can ameliorate the toxic effects of As so that patiglity of
mammals and birds could be increased.
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