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and more comets with increased I)NA damage and (d) 200ppm 
sodium arsenite trea ted sperms showing the hi ghes t number of 
co mets with f'ragmented DNA. I lntact D, / \. [J Comet head , 
T CO lll et tail. 

I 
Photomi crograph of semini ferous tubul es in test is or co ntrol and t 

sodi um arsenite treated rats at 56 days of age. (a) control showi ng ' 
compact arrangement of tubules having lumen (L) packed with 
sperms (S), low interstitial (1) spaces are also observed. Reduction 
in tubular diameter and sperms is observed in a dose dependent 
manner. (b) 50ppm sho wi ng some loosening in tubular 
arrangemen t \vith extended lumen and interst iti al spaces. (c) I 

I OOPPl11 and (d) 200ppm f'urth er ex te.nsion in lum en and interstitial I 
I spaces in observed whi ch is more profound in hi gh dose group. 
I So me atret ic or regressed tubules (/\'1') arc noticed in 200ppm I 
, treatment group. H & E. _ 

Photomicrograph of seminiferous tubule section showing 
spermatogenes is in control and sodium arsenite trea ted rats. (a) 
control showing Leydi g cell (T,). nucl ei of' SertoJi ce ll (s) . 
spermatogon ia (Sp) , primary sperm atocyte (PSc) , secondary 
spermatocy te (SSc) and spermatOl.oa (S p/.) . The number and si/e i 
of nucl e i of Sertoli celL and all spe rll1 a togeni ~ ~e ll s decreased in a , 

I dose dependent manner, (b) 50ppm showing spermatogeni c ce ll s i 

I lik controL (c) 100ppm sowing X stage 01' spermatogenes is v ith 
I fragmented primary spermatocyte, (d) 200ppm sowing Xll stage 
I of' spermatogenes is with fragmented and necrot ic primary 

spermatocytes and ve ry low number of' elongated sperm atid s. (e. f. 
g, h) showing vari ab le shapes of' Sertoli ce ll nucleus 111 control. 
50ppm. 1 OOppm and 200ppm respect ive ly. 11 & I ~ . 

i 
Photomicrograph of testi cul ar interstitial spaces showing l ,eydi g i 
ce ll s in control and sodium arsenite treated rats at 56 days age. (a) i 

control showing large number of Leyd ig ce ll s with round nuclei in 
the interstiti al spaces. The number and size of Leydi g cell s 
decrease in a dose dependent manner, (b) 50ppm showing some 
Lcydi g ce ll s with round and some with e longated Ilucle i. (c) 
100ppm shm ing Leydi g ce ll s with small and round nucle i. (d) ! 
200pprn showing fe vv Leydi g cell s with elongated nuclei onl y. ' 
InterstiJ:ial s ~ces arc more ex tended in high dose groups. J-l & F. 

I . . 
I Photomicrograph of' tes ticular capsule of' control and sodium 

I 
arsenite treated rats showing (a) control with dense libers and I 
compact ce llular arrangement. iJecreasc in thi ckncss and loose i 

I cellular arrangement is observed in a dose depend ent manner, (b) ! 
i 50pplll trea tment group reduced number of' cc ll ~~ is noti ced. (c) ! 
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IOOppm f'urther reduction in cell number is observed. (d) 200ppm I 

group pr()found dccreasc in number of ce ll s and thi ckness, II & I ~ , 

- -
24 Photomi crograph o f el ididYl11al caput showin g tubules in control 97 

and sodium arsenite trea ted rats at 56 days age . (a) control 
shov,:ing tubules with prominent epithelium (Lp), large number or 
sperm ato :l.Oa (Spz) and small interstitial spaces ( I). I)ec rease in 
tub ul ar diameter and extended interstitiulll is observed in a dose 
dependent manner, (b) 50ppm showing decrcase in epithelium ane! 
spermato/.oa, (c) lOOppm and (d) 200ppl11 showing furthe r 
r duction in epithelium and some atreti c or regressed (1\'1') tubul es 
are noti ced. Cellul ar debri s (CD) is present in the lumen of high 
dose epidid ymal caput. J L & L. 

25 Photomicrograph of epididymal caput showing ce llul ar 915 
arrangement in epithelium in contro l and sod i um arscni te trea ted 
rats at 56 days age , (a) control showing epithelium (Lp) having 
outer muscle layer, co lumnar principal (PC) and small basa l ce ll s 
(BC) with prominent nuclei and luminal cili a (C). The size and 
number o f ciliated ce lls and size of principal and basal ce ll s nuclci I 
decrcase dose dependent ly, (b) 50ppm showing epith eliulll with I 
elonga ted nuclei or' principal and small round hasa l ce ll s. The I 
surrounding muscle layer is not very prominent. (c) 100pprn , 
show ing di sarra ngement and irreg ular nuclei o r' principal and basal i 
ce ll s. The muscle layer is not intact at som e places, (d ) 200ppm I 
showing pithelium with round nuclei of principal and f1atlened 
nuclei of basa l cell s. The basal cell s are indi stingui shable from 
surrounding muscle layer. II & 1-: . 

26 Photom icrograph of epid idymal ~orpL: showing tu bules in control II 100 
and sodium arsenite trea ted rats at 56 days age. (a) co ntrol 
sho'vvin g tubules with prominent epithelium ( I ~ p ) , large number or' 
spermatozoa (Spz) and small interstitial spaces (1). Decrease in 
tubular diameter and extended interstitium is observed in a dose 
dependent mallller, (b) 50ppm showing decrease in epithelium and 
spermatozoa, (c) IOOp pm and (d) 200pPlll showing rurther 
reduction in ep ithelium. Somc atreti c or reg ressed tub ul es (/\ '1') 
and ce llul ar debris (CD) are noti ced in hi gh dose treatecl group. I I i 
& E, 

-
27 Photomicrograph of epididymal corpus showing ce llular 101 

arrangement in epithelium in contro l and sod ium arsenite trea ted 
rats at 5G clays age . (a) co ntrol showing cpithelium (Ep) having 
outer Illusc le layer (ML), columnar principa l (PC) and small basa l 
cells (BC) with prominent nuclci and IUlTlinal cili a (C), The si:;,e 
and nUl~2.ber or c ilia~cd cells anc\ si:;,c of princi pal and basa l cells I 
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29 
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31 

nuclei decrease dose dependent ly. (b) SOppm showing epitheliulll 
with irregul ar nucl ei of' principal ce ll s. (c) 100ppm with Il attened 
nuclei 01' principal and small rarc basal cell s, (d) 200pplll showing 
epithe lium with irregular shaped nuclei of' principal ce ll s and no 
di s tin0~n in basal ce ll s and ~lTo L~ I~)ng ll1usc l cla~er. II & E. 

~-

Photomicrograph of epididymal cauda showing tubules in control 
and sodium arsenite trea ted rats at S6 days age, (a) control 
Shovv.i.ng tubul e with prominent epilheliulll (Lp). large nUlllbcr 01', 
sperm atozoa (S pz) ane! small interstiti al spaces ( I) . Decrease in 
tubul ar diam eter and ex tended intcrstitium is obse rved in a dose I 
dependent manner, (b) SOppm showing decrease in epitheliulll and 
spermatozoa, (c) 100ppm and (d) 200ppm showing furth er 
rcduction in epithelium and some atretic or regressed tubules (AT) 
are noti ced. Cel lul ar deb ri s (CD) is prcscnt in the lumen of hi gh 
dose epid idymal cauda. IT & E. 

~ 

Photomicrograph of epididymal cauda showing ce llul ar 

I 
arrangement in epithe lium in control and sodium arsen itc treated II' 

rats at 56 days age, (a) control showing epithelium (Lp) havin g I 

outer muscle layer (ML), columnar principal (PC) and basal ce ll s 
(BC) with prominent nuclei and luminal cili a (C) . The size and 
num ber of ciliated cell s, size of' principal and basal ce ll s nuclei 
decrease dose dependentl y, (b) SOppm showi ng epithelium \,vith I 
irreg ul ar nuclei of' principal and basa l cel ls. (c) IOOpplll with I 

ll atLencd nuclei of' principal and hasal ce lls, (d) :2 00ppm shov\ ing : 
stratiued epi thelium. II & I·: . 

Photomi crograph sho;"ing vas deferens in contro l and sod ium I 
arsenite treated rats at 56 days age. (a , b) contro l showing thick 
muscul ar coat (MC) and ep ithelium (Ep) with sma ll lumen (L) . 
The di ameter of vas deferens decrease dose dependentl y, (c, d) 
SOppm showing loose muscular coat and thin ep ithelium. (e. f) 
I OOppm and (g, h) 200ppm shO\,vi ng Further loosen ing on m Ll scul ar 
coa t and thinner ep itbelium. Cellular debris (CD) is noticed in the 
lume~ o( bLgh dose treatment group . H & E. 

Photomicrograph of vas def'erens shovi ing ce llular arrangement in 
epitheliunJ in control and sodium arsen ite treated rats at. 56 days 
age, (a) control showing eritheliu111 with co lumnar principal (PC) 

I and basa l ce ll s (BC) with prominent nuclei and luminal cili a (C) . 

I 
The siz c and number of' cili ated c .. ells and size of principal and I 
basaJ ce ll s nuclei decrease dose dependentl y, (b) 50ppm showing I 
cpitheliul11 with di sp laced nuclei of principal and basal ce lls, (c) 
IOOppm with elongated nuclei of' principal and irregular basaJ 
ce ll s, (eI) 200ppm showing compl etc di sa rrangel~l e nt 01' pril:!.~ ipal 
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33 

35 

-

and basa l cell s, the nuclei of principal cell s "vere rOllnd and basal 
cells were variabl e. 11 & E. 

~ 

Ph otomi crograph o f' vas dcferen. showi ng mu scle arrangement in 
control and sodiulll arsenite treated rats, (a) control \\ ith 
co mpactl y arranged musculari s with increased numbcr o r 
elongated and round nuclei. I.oosening in m usc ul ar is is observed 
in a dose dependent manner, (b) 50ppm showing m usculari s with 
round and elongated nuclei, (c) 100ppm group showing some 
small round and mostly elongated nuclei, (d) 200ppm shov,ling 
cy lindrical and sma ll number o f' elongated nuclei and rarely any 
ro und nuclei. IT & I ~ . 

, 
Reproductive tox ici ty or arsen iC causes reduction in I 

go nadotroph in s whi ch in turn decreases testosterone secretion . I 
Testicular histology is affected by testosterone as well as 
gonadotrophins directl y. Arsenic trea tment causes decrease in 
testicular capsule thiclmess, seminiferous tubules diameter, impair 
sperm atogenesis causing decrease in spermatogeni c, Leydig and 
Sertoli ce lls and fragmented primary spermatocytes. The inter­
tubul ar areas also enlarged and some atreti c tubules are observed 
in hi gh dose treated group. 

, 
I 
I 

Reproducti ve tO XIC ity of arsen ic ca uses reduction in I 

gonadotrophins which in turn decreases testosterone secretion . I 
!-:pididymi s is an androgen dependent organ. Arsenic treatment I 
ca uses decrease in tubule diameter and extension in illter tubul ar I 
spaces. There is also observed disarrangement of' epitheli al ce ll s. 
The size and number of cilia also reduced . Some atretic tubu les i 
and cellu lar debri s in tubular lumen of' the three parts of' 
epididymis are observed in high dose treated gro up . 

- -
Reprod ucti ve tox icity of arseni c causes decrease in 
gonado trophins (LII, FSH) which in turn reduces testosteronc I 
seeret ioll. Vas deferens is an androgen dependent organ so arsenic 
causes reduction in size, epitheliu m and loosening of musculari s. 
The arrangemellt, shape and size of nuclei of principal and basal 
ce ll s are also c[fectcd by arseni c treatment parti cul ar ly at hi gh 
dose level. 
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ABSTRACT 

The present study was desi gned to evaluate the e ITect 0 I' sod i um arsen i te on reprod ueti \'C 

structure and [un ction in grow ing age (28-56 days) male rats 1'01' 28 days durati on. 
There was no signiri cant dilTerence in body we ight or control and sod ium arsenite treated 
rats at the start or experiment. Body weight decreased hi ghl y significantl y in sod ium 
arsenite trea ted rats co mpared to control s. I 1i gh dose (200ppm) treated group showed 
highest decrease in body weight compared to controls and other two treatment groups. 
Testicu lar 'vve ight showed dose dependent signi (i eant decrease in treated rats. the hi ghest 
decrease being observed in 200pp l11 trea tment gro up compared to contro ls anci other two 
treatment gro ups. Testicular length and width showed non-s igni ficant decrease in 50ppm 
and 100ppm groups, but this decrease \,vas hi ghl y signi ficant in 200ppnl group. Arsenic 
treatment caused hi ghl y signifi cant dose dependent decrease in we ight and length o r 
epid idymes and vas dderens compared to controls. Morphometri c studi es showed hi ghly 
signi lieant dose dependent decrease in tes ticul ar semini femus tubul e diam eter and its 
ep ithelial height, nuclea r diameter of Leydig ce ll , Sertoli cell , and spermatogenic cel ls 
compared to control s as well as in between them. The number o[ Leydig cell , Sertoli ce ll 
and spermatogeni c cell s decreased with the increase in dose of sodium arsenite. 
Interstitial spaces extended and thickness of tes ti cular capsule decreased in the trea ted 
groups. In 100ppm and 200ppm groups X-XIV stages or spermatogenesis showed 
impai red sperm atogenesis . Lp idiciymal (caput, corpus and ca uda) tu bul e diameter and its 
epithelial height decreased hi gh ly significant ly in dose dependent manner in treated rats 
compared to the controls as 'vve ll as in between them. The intertu bul ar areas enlarg.cd ami 
the height or principal ce ll s and cilia decreased with the increase in dose or sodium 
arsen ite. Disa rrangement of ep ithelial cells was observed in trea ted groups. I,um en 
contained ce llu lar debris in 200ppm group. Vas deferens diameter, its muscu lar thickness 
and epitheli al hei ght decreased high ly significan tly in dose dependent manner in treated 
rats compared to control s as wel l as in between them. lleight of principal ce lls and ci I ia 
decreased dose dependently. Disarrangement of ep itheli al cel ls and loosening or 
mu sculari s was observed in treated groups. Ce llular debris was observed in high dose 
group. Sodi um arseni te treatment caused highl y sign i fi cant dose dependent decrease in 
plasma tes tosterone concentration compared to controls. r li gh dose group showed 
significant decrease in mean testos terone concentrati on compared to 50ppm group. 
Treated groups showed dose dependently highl y significant decrease in plasma FSJ I 
concentration compared to co ntrols. High dose treatment group exhibited highl y 
significant decrease in p lasma FS1l concentration compared to other two groups. Plasma 
rJ l concentration decreased significantl y in treated rats compared to the con trol whereas 
comparison 01' treated groups showed no signi licant di ITerence. Sodium arsenite 
treatment ca used highly signili cant dose dependent dec rease in te sticular DSP co mpared 
to controls. Treatment 01' 100ppm and 200ppm sodi um arsenite caused high ly signifi cant 
decrease in 111ean DSP compared to low dose treatment. Mean eLTie iency of' DSP 
decreased non-signiGeantly in low dose treated group and hi ghly signifLcan tl y in 100ppm 
and 200ppm treatment groups compared to controls. Mean effi ciency of DSP decreased 
high ly signi (icantl y in lOOppm and 200ppm groups compared to 50PP111 group. Arse ni c 
treatment caused highly signi ficant dose depend ent decrease in mean ep ididyma l sperm 
count compared to contro ls as wel l as in between the groups . Mean test icul ar and blooci 
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arseni c depositi on increased signi ficantly in dose dependent manner in treated rats 
compared to co ntro ls as wel l as in between the trea ted groups. I)ose dependent signif icant 
increase \-vas observed in mean ep idid ymal arseni c deposition in the trea tment groups 
compared to controls, the hi gbest deposi tion was observed in 200ppm gro LlI . Mean va:, 
defe rens arseni c depos ition increased non-s ignifi cantl y in 50ppm treatment group and 
si gni f~ cantl y in lOOpm and 200ppm groups com pared to contra Is. I ri gh dose treatment 
caused sign ificant increase in vas deferens arseni c deposition compared to other two 
doses. Number o r epididymal sperm nucl ei with intact DNA decreased and with comets 
increased hi ghly signi f~ ca ntl y in dose dependent manner in trea ted groups compared to 
control s as we ll as in between them. Mean epididymal sperm comet length, cO lll et height. 
comet head diameter and cOlllet head DNA percentage in creased hi ghl y signifi cant ly in a 
dose dependent manner compared to controls and among tbe treated groups. Mean eomet 
tail length and comet tail DNA percentage increased non-sign i ficantl y in 50ppm 
treatment group and highly signifi cantly in other two treatment groups compared to 
controls. I I igh dose group showed significant increase co mpared to 50ppm group. 
Arsenic treatm ent caused s ignif~cant difference in mean co met tail DNA percentage in 
between trea tment groups. Arsen ic treatment caused non-s igni fi cant increase in mean 
comet ta i I and o li ve moment in 50ppm treatment group and signi fi cant increase in 
IOOppm and 200ppm groups compared to contro ls, the hi ghes t increase was observed in 
200ppm group. It is concluded that arsenic treatm ent at all dose levels adverse ly efTeet 
the structure and [unction or testes, ep ididymes and vas deferens in rats at 56 days age. 
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Reproductive toxicity (?I'sodium arsenite ill ... \'prugue Dawley male rat 

INTRODUCTION 



in/ roduc/ ion 

INTUODUCTTON 

I\rsenie is a naturall y occurring m etall oid elem ent, found in so il , air and water (J luang et 

at., 2004; D uker e t a I. , 2005; ATSDR, 2007). Environmental arseni c exists in both 

orga nic and inorga ni c states. O rganic arseni cals arc generall y considered nontoxic 

(Coc hfi elcL 1995) . 'vvhereas inorgani c form s arc tox ic . Inorganic arse ni c exists 

predom inantl y in tri va lent (I\sll l) and pentava lent (As v) fo rm s. where I\s lll is 60 times 

more tox ic than I\s v (Malachowski, 1990 Cerva ntes et a I. , 1994; Smedl ey et a l. . 1 996 ~ 

Csanaky et a I. , 2003; Ratnaike, 2003; Duker et aI. , 2005). Both triva lent and pentavalent 

arseni cals arc so luble over a wide pH range (Bel l. 1998) and are routine ly fo und in 

surface and g round wa ter (Feng et a I. , 200 I). Under aerobic co nditi ons. pentava lent 

ar:,elllC is more stabl e and predomina tes . whereas tri valent species predominate under 

anae robic co ndition s (Duker e t a I. , 2005). 

KING OF POISONS AND POISON OF KINGS: 

Arseni c has been ca lled " king of poison" and "po iso n or ki ngs". One of" th e firsl 

rcl"e renees to arseni c was in 55 A I) , when ero reputedl y used a rse ni c [0 po ison 

Brittanicus, to secure hi s Ronlan throne (I\zeue & N riagu, 1994). I\ rse ni c compound s 

were considered favo rite murder \",eapon durin g the Middle Ages. particularly among thc 

rul ing c lasses in Ital y because the poi soning symptom s were similar to those of cholera, 

whi ch was common a t that time. J\rsenic poisoning has been implicated in the illness and 

dea th of a number of historical prominent people including George Ill , Napo leo ll 

Bonaparte. C harl es Francis Hall and C lare Boothe L uce (Ben tl ey and C hasteen , 20(2) . 

EXPOSU RE : 

Fx.posure of humans to arse nI c may occur f"rom a va ri ety of" so urces VI/hi ch can he 

medica l, occupati ona l, and environmental in origin (Lee and F raumeni , 1969 : Wes terve lt 
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d a I. , 200 1 ~ Wa tana be e t a I. , 20( 4). A rse ni c ranks 20 111 in abundance in re la ti on to othe r 

c lements in the earth ' s crust a nd hi g h concentra ti ons arc found in granite and in man ) 

m ine ra l. including co pper, Jend , 7. in c, s il ver a nd go ld (NA " 1977) . !\L' ni c natura ll y 

acc umulates as both organic and inorga ni c fo rms in soi l. surface g ro undwa te r (A llrep and 

Anirudh an , 1977; Lloyd-Smith and W ickens. 2000), and seawater (Pe nrose e t al. 1977) . 

So il m ay co nta in 0. 1-40 ppm arseni c (WI-JO , 198 1; Yan-C hu , 1994) prov ided natura l and 

pedogen ic processes do not bring abo ut red istributi on or d isturbance or und e rl ying bed oj ' 

rocks (Yan-Chu , (994). The pri mary so urce of arsenic in soil is the parent rock (Smedley 

and Kinni burgh, 2 002). Additi onaJJ y, vo lcanoes are a maj o r natura l source or arscni c 

released into the env ironment (N ri agu and Pacyna , 1988 ; N ri agu , 1989) th at can ge nerate 

hi gh arsenic concentra tio ns in natural wate rs (S medley and Kinlliburgh , 20(2) . A rseni c 

thal is natura lly present in soi l can bc m obili zed and transpo rted , leadin g to increased 

conce ntra ti o ns of arseni c in aquife rs that a re sources of drinking water (Il arvey d aI. , 

~20(2). For the ge neral population, arsenic in drinking water is the ma in ex posure source 

(Na tio nal researc h council , 2001 ), and more harmful than a rseni c in food , because th e 

b ioavai lab ility (act ua l a mount a bsorbed into bloodstrea rn ) o r a rse ni c from d rin king \va ter 

is greater th an that rrom g rains or vegetables (!\kter e t a l. . 2005). A rseni c concentral idn '. 

in lakes arc of len less than in ri lers, clue to ad sorpt io n by iron ox ides, a lthough chan ges il1 

v\ate r leve ls (N im iek e t a i. , 1998 ; Smed ley and Kinniburg h. 2(02) and g :ol hci' lIl ,il 

act iv ity can e nhan ce co ncentral io ns in some cases (Aggell a nd Kriegman. 1988 ; Duker c l 

a l" 2005) . Groundwater [rom a lluv ial and deltaic \,vatersheds gene rall y has higll arsenic 

concentration clue to predomina ntly reducing cond itions (Smedley and Kinib urgh , 2002 ). 

Arselli c compound s may enter the plant food cha in from agri c ultura l prodlle ts o r rrom 

soil irrigated w ith a rseni c contamin ated water (Ta maki and F ra nkenberger, 1992 ). 

SODOIUM ARSENITE: 

Origin of substance 

Reacti o n o f' callst.ic soda with arse ni o us (I [S ])B , 1995) 



Synonyms 

Arscnious ac id , sodi um sa lt 

Sod i um arseni c ox ide 

Sod ium meta-arsenite 

Chemical group 

A compound of' arsenic, a gro up V i\ clcmcnt 

Ref(~rencc number 

CAS 

RTLCS 

7784-46-5 

CC 3675000 

UN 2027 (solid) 

16g() (aq ueous soluti on) 

111\/,( '1 [LM 2X 

Physicochemical properties 

Chemical struc ture 

Na!\s0 2 

Molecular weight 

129.9 1 

Physica l state at room temperat ure 

So lid 

Color 

White or grayish-white 

(DOSE, 1994) 

(DOSE, 1994) 

(HSDB. 1995) 

(DOSE. 1(94) 

(DOS 1-: , 1 994) 

(DOS I ~ . 1994) 

(DOSE, 1994) 

( I [S])13. 1995) 

(IISDB, 1995) 
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Oclnur 

No ne 

Ph 

l-'orm s bas ic solution in water 

Solubil ity 

I''reel y soluble in \,va ter, so luble in ethanol 

C hemical interactions 

/n / l'Odllc/ iOJ) 

(el I RrS, 1995) 

(O HMIT!\I)S , 1995) 

(DOSE, 1994) 

!\rsine gas is evolved when sodium arsenite reacts with acids and metals. 

(OITMIT!\DS. 1995) 

Majo," products of combustion 

Arsenic fumes and sodium oxide may be generated during a fire. 

(OHM/T!\DS, 1995) 

Flammabilit . 

No n- Ilamrnablc 

Boiling point 

Decomposes w hen heated 

Density 

1.87 at 25°C 

Reactiv ity 

Rcacts \vith stro ng oxidi zers 

T Iygrosco pi c 

(C lJ RIS. 1995) 

(CHRIS, 1995) 

(DOSE, 1994) 

(l-ISDB , 1995) 



Uses 

Insec ti c ide 

Acari cide 

Arsen ical soap manuf'ae ture 

Current therapeutic uses of arsenic: 

Inl r ocillcl iOI7 

(DOS I':, 1(94) 

Arseni c tri oxide (As20 3) is wiel ely used to induce reml SSJOI1 In pati ents \,vith ac ute 

promyelocy ti c leukae mia , based on its mcchani sm as an inducer of apoptos is (S hen et al. . 

1 997~ I,hu et a I. , 2002). 

Arsenic continues to be an essential constituent of many traditional medicine products. 

Some Chinese traditional medications contain realgar (arscnic sulphide) and arc avai lab lc 

as pi li s. tablets, and other prepa rati ons. They arc used fo r pso riasis. syphi I is. as thma. 

rheuillati Sill . hemorrhoids. co ugh and pruri tu s. and arc a I so prcsc ri bcd as a hea 1 th lon i c. 

all ana lgcs ic. anti -infl ammatory agcnt. and as a trcatmcnt f()]' somc mali gnan t t UI Jlor ~. 

(Wong ct a l. , 1998 ; Sbcn ct aI. , 1999). Arscni c compounds like potass iul11 MSClJltC. 

arscni c iod idc or arseni c tri chloride wcre used far treatment of vari ous ailmcnts (WII O 

19R 1 ~ A7.C UC and N riagu, 1994) . Befo re pre-antibioti c era savarsoll was Ul e main 

medicine used against syph il is. Though toxicity o f' a rsenic compounds has resulted in 

aba ndon ing the usc o f drugs containing arscnic but still sevc ra l arseni c based orga l ~ i c 

compounds or herba I products are in 11 Llmall use as medicine as TryparsClm ide. uscel I ~) r 

thc treatment of A fri can sleeping sickness (Carter and I:airlamb, 1993). Sim ilarl :-' . in 

acute promyelocy tic leukcmia , retinoic ac id is used (Castaigne et a!.. 1990). In Indi a. 

hcrbal mcdici nes cont aining arsenic are used in some homocopalhic medicines (I(ew ct 

aI. , 19(3) and hacmatological malignanc ics (lrclcavcn et a l. . 1993). Tn Indi a !\yurvedic 

systcm of medi cine is also used to control bl ood co unts af pcrsons wi th helll atologi 'ni 

mali gnancies (lreleaven et al. , 1993) . In Korea arseni c is prescribed in herlx.tl med icine 

lcn hemorrhoids (Mitchell -Heggs et al. , 1990). 
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! !owever rather than an intended ingredi ent. a rsenic IS more orten a con taminant. 

sometimes w ith mercury and lead (Ko, 1999; Ong et aI. , 1999 ; Wong eL aL 1998). Ihe 

f) epartment of Health Services of Californi a tested 25 1 products in retai l herbal stores 

and detected arseni c in 36 products ( 14(Yo) in concentrations from of 14.5-53ppm (Ko. 

1(99) . A stud y in Sin gapore identifi ed 17 pat ients during a li ve yea r period wi th 

cutaneO LI s les ions related to chronic arse ni c to:' ic ity. and in 14 (82%») pati en ts toxicit y 

was due to arseni c acqui red from Chinese propri etary med icines whi le the other three 

consumed well water contami nated with arsenic (Wong et aI. , 1998 ). 

ANTHOPOGENIC INFLUENCE: 

Illlman ac ti vities have intensifi ed arsenic acc umu lat ion in the elw ironment (BelL 1998) 

such as fo ss il ('ue! combustion and meta l smelting, as 'Ne ll as the semi conducto r and g lass 

industri es. Arsenic is a lso used in metallurgy fo r harden ing o C alloys or co pper and lead. 

as a dopant in semi conductor production, in manu racturin g of wood preserva tives, 

pigments. in sec tic ides , herbi cides, rodenticides and f1.lIl gicidcs (f Tathaway ct al.199 I). 

Men made arseni c compound s arc very effec ti ve aga inst pests. paras ites and \vu.:d s. and 

du to their extensive lise in agriculture; they may accumulate in so il. lherd») e IL:\ atiol l 

level or arsen ic (Wll O. 198 1; Yan-chu , 1994; !\zcue and Nri ag u. 19(4) Although 1110 S1 

arsenic in soil is derived from the parent rock, the intensi fi ed use of arsenic compounds in 

agri cul ture and rorestry pract ices may lead to extreme soil co ntamination and subsequent 

groundwater co nLaminati on. whil e the burning or coal and smelt ing of' metals m<1 y he 

Illajn r so urces ur airbnrnc arse nic (fihumbla and Keefer, 1994). Mining ac tivilies o f' 

vi:!rio us metals may result in high leve ls of arsenic contaminati on in soil. sur race wat ' r. 

gro undwater and vegetation (Amasa, 1975 ; Smedley et ai. , 1996 ; Smcdley and 

Kinn iburgh, 2002). Additi onally, human modifi cati ons to the natural hydrograph . 

including the constructio n o r danls (Arm ah et al. , 1998) , 'vVastc "vate r recyc lin g ctn l 

Irnga ll on practices (S iegcl. 2002). cnhances arseni c aCC ull1ulal ion in so li and in \\'atcr 

supp lies . 
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THE ROLE OF MICHOBES: 

Many mi croorganisms have adapted to aI's 'ni c- ri ch nvironm 'nt , in 'Iuding so il s and 

wate rs C akahara et ai. , 1 9 77~ de Vicente et ai. , J 990: Cervantes and Chavel., 1 ()92. 

Ahmann et a1. , 1994; Cervantes et aI. , J 994 ; Laverman et aI. , 1995 ; Sa ltikov and Ol son. 

2002) and may be important fac tors in arsen ic biotransformat ion (Sllari atpanahi et a i. , 

1981) and mobili l'.ation (Cummings et ai. , 1999) in the environment. Bac teri al resistance 

to the toxic crfects of arseni c may be due to a speci fi c arsenic-resistanceopcron, CII ·.\' 

(Carlin ct aI. , 1995 ; Cai et al.. 1998) , anclmay be fa cilitated by red uction in arseni c 

upta l c and increased phosphate transport (Will sky and Ma lam y, 1980). The ars operon is 

conserved in Gram-negati ve bacteria and detoxifies arsenic (Dio ri o et aJ., 1995). Bacteri al 

populations have been associated with both ox idati on and reduction or arseni c in so ils 

(Macu r et ai. , 2004). Some mi crobes can red uce the less toxic arsenate to the 1110rc toxic 

arsen ite under anaerobic conditions (A ndreae. 1978 ; ies and Sil ver , 1995: Rensing ct 

a i. . 1999) through all energy-generating process (llya1ctdino v and Abdrashitova, 198 1). 

/\dditionally, other mi crobes are able to methylate arsenic compounds (Gadd , 19(3) and 

dctox ir'lCS arsenite by co nverting it to arsenate via an electron transfer chain (Anderson. 

19()2). Seas\)1la l variat ions in water and tcmperatu re level s ca n have ,' tro ng elTcl' ts Oil 

arsen ic concentratlOn and spec iation in soil and wa ter duc to changes in 111icrobi:.li uptake 

(Andreae 1978 , 1979). During warm, dry periods arseni c compounds are often oxidi/:ed 

(1 1aest ct al.. 1992), potentiall y increas ing toxicity (Savage et aI. , 2000), while during we i 

periods oxidi /.ecl arseni c is solubili /.ed and distributed throughout the environmcl il 

(Mc l,arcn and Ki m, 1 995~ Rod ri g uel. et at. , 2004). 

BIOACCUMULATION AND METABOLISM: 

Arseni c accumulates across hi ghly diverse env ironments within the soil, water and air 

\",he re it is taken up and processed by microbes. plants and animals . Solu ble arseni c taken 

ur by pl ants I'ap idly acc ulllul ates in the fo od chain (Green et al .. 200 1). Freshwater plan t:-. 

and peat lli OSS llave been sllo\ n 1.0 conta in consid erabl e amount or arscni c (Rca) . 1972: 

Mi nkki nen and YlirLlokancn, 1 (nS). Wetlands may have elevated concen tration s oj' 

arsenic. due lo the high metal-binding affi nity (Bcining and Ote, 1996) when compared 

7 
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Wilh uplands. Ili gh arsenic concentrati ons have been found in the tiss ues 01 ' wild birds 

(hl irbrotber et a I. , 1994) and in man y marine organi sms, includin g algae (I,Llnde, 19T.2 . 

1973 ). crustaceans (Lclm onds ct ai. , 1977). cetaccans. pi nn ipcds, sea turt les and :ea birds 

(Kubota ct al. . 2003). I':eo toxicants released into the ell\·ironm ent. including arseni c. o l'ten 

acc umulate most rap id ly in aquatic hab itats where they enter the biota and arc 

s1.lbseq uenlly transfe rred to hi gher trophic levels eventually to humans. Extremely high 

levels of arsenic have been observed in many ft sh taxa (Bosnir et a1.. 2003; Juresa and 

13lanLlsa. 2003) and have been shown to be toxic (Suhendraya tn a et a I. , 2002: li sler and 

!,ago rc-I(oncan, 2002). Some spec ies possess specific arsenic-bi nding protein s 

(Olaclimeji . I ()8 5) that may increase bioaccuillul at ion. Mo nitori ng arsenic lc,'els and thei r 

assoc iated hea lth effects in aquatic organisms, particul ar ly in taxa at hi gh trop hic le vel s 

such as fi sh, may pro vide insight into overall ecosystem health (Zelikoff et ai, 2000) as 

we ll as into potent ia l impacts on hu man health (Zelikoff, 1998 ; Adams and Gree ley. 

1 <)09). 

The adverse cf'fCc ts o f" arseni c arc dependent. in part. on its chem ical f(H Ill and 

metabo l ism (A poshi an, 1997; Vahter, 2002; Ma ndal et aI. , 20(4) . Expos ure frolll air and 

soil is usuall y minimal in humans. The major sources of exposure for humans are fo od 

and water (Bernstam and Nriagu, 2000). Once ingested, arsenic that is not eliminated 

I'rom the body Jllay accumul ate in the musc les. skin . hair and nail s ( Ishi nishi et aI.. 1986 : 

I<. itehin , 200 I). rood contain s bOlh orga ni c and inorgan ic arsen ic. whereas v, <.Iter 

primarily conlains inorganic fo rm s. Sea food may pro vide hi gher concen tra ti ons 01' arsenic 

when compared with terrestr ial food products (Sakurai et aI. , 2004), presumably due to 

increased bioaccumulalion tbrough generally longer trophic chains. As elementa l arsenic 

is poorl absorbed, il is predom inan Li y eliminated from the body unchanged (Duker c \ al., 

20(5). llumans are exposed pr imaril y to tri va lent larsenite, ASIIII and ;)ellttl \ Lllcn t 

I arsenate, Asv i inorganic arseni cals present In the cn vironm ent, as well as ~ () , ) rg~1I 11 (' 

arse ni c Ic. g .. dimethylarsinie acid , DMA VI In somc situati ons (Kenyo n and i I Llghcs. 

200 1; Shen ct al. , 2003b) . Once arsenate enters the gastro intestinal tract or is absorbed, it 

is rapid ly reduced to arsenite. In vitro stud ies have shown that arsenalc red uction can 

OCCllr Iloll -cll /.ymatieall y in the presence 01' thi ols (De lnol11d cdie1.1 et a l. . 1993 : 19()4a. h: 
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1995: scoLl cl al. . 19C)3) in a reducing (Icn\' oxygen) enviro nm ent. but recent in \itm 

evidence suggests the reduction also occurs enzyma ti ca ll y (Thomas ct al. . 200 I: 200-1- ), /\ 

purine nuclcocide phosphorylase catalyzes the in -vitro reduction of arsenate (Gregus and 

NCllleti 2002; Radabaugh et a I. , 2002) but its in-vivo relevance is not clear (Nellleti et aL 

2003; Nemeti and Gregus, 2004), Whereas I\s ll l produced by thi s reduction or from direc t 

ingestion. is methylated primaril y to monoll1 eth ylarsoni c ac id IMM/\ v I by an arsenic 

Il1cthltran s f(~ rase, MM!\' is then reduced to 111 0nolll cthylarso nous ac id (MM/\ "'). \"" hi eh 

is lhen meth ylated to dimethylars inic acid (DMA''). MMA and DMA arc the predominant 

metabolites of inorganic arsenic (Vahter 2002) , although DMA may be Curther 

methylated to trimethylarsine oxide (TMAO) (Hughes 2002; Yoshida et aI. , 1998), 

lndi viduals whose ur ine co ntains relati ve ly Im,ver proportions o f J)tv[ /\ ha\ 'c beell 

reported LO be at increased ri sk lelr skin and bladder cancers (Chen et al.. 20OJa. 200]b: 

[l slI ch ct al .. 1997; Yu ct aL. 20(0), 

Previously, inorganic arsenicals were thought to be more acutely toxic than organic 

spec ies , as tbe methylation of inorganic arseni c was proposed to be a dctoxi !Ica tion 

process. I I O\,ve vcr, recent studies indi cate that tri va lent organi c arseni ca ls le.g" M[vl l II I 

ape! I)MA 1" 1 that arc metabo li c products of inorganic arsen ic can be mon' lO.' ic than t il\' 

parent compou nd (A hmed et al.. 1999; I,ee et a1. . 1988 . Nesnovv ct a l,. 2002: Pet ri ck Cl 

al .. 2001 ; Stybl o et aI. , 2000; Del Razo et aI. , 2001) fo r certain D A damage endpoints 

(Ahmad et al" 2002; Mass et at. , 2001) . f urthermore, DMA can act as a tumor promoter 

<It va rious si tes and as a complete carcinogen for the urin ary bladder in rodents 

(Wanibuchi et ai. , 2004 ; Salim et al.. 2003 ; Wei ct aI. , 2002: Ilughes. 200 I: Ken yon and 

l lllghes. 200 I; Yamamo to et ai., 1997) , MM/\ produces preneoplastic changes in li\'Cr 

and urinary bl adder but docs not produce overt neoplasia (S hell et aL 2003 a) , whereas 

TMAO can induce hepatocellular adenomas (Shen et ai. , 2003b) . Therefore, it IS 

important to co mpare and evaluate the toxicity of As "' , I\s v, MMA ", and DMA" under 
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Fig. 1. Arscnic metabo li c pathway, Arsenate is reduced to arsen ite in a reaction thought 

to be dependent 011 C;SII or other endogenous reductants. Abbrev iati ons : CIS II. 

glutathione; GSSG, glutathi one di sulfide; GS'!'. g lutathione-S- transferase;SAll. S· 

adenosy Ihomocysteine; SAM , S-adenosy Imelhion i ne; Tl~ , thioredox in reel uctaSl' , 

Arsenite then undergoes an ox idati ve meth ylati on, with SAM as the methyl don ur. 

formin g MM/\ v and S/\ Il. [VIM/\ v IS red uced to MM/\III before a subscqucnl oxiLi at lw 

mcth ylation step yielding I) M/\ V and S/\ I I. I,itt\e is knovvll rega rdi ng in vivo reduclio ll 

of DMA v to DMA"I . Enzy mes capabl e o f' ca taly/-ing the illustrated reactions include 

Cyt 19, arsen i te methyltransferase and methylarsonite methyltrans ferase (two ac ti viLies o/' 

one c/l l'.yme, and MM/\ v reductase (also known as GS'J -n) (I,akharyan ct al .. 200 I), 
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similar C'xpe rim ental conditi ons. So mc mamm als are ddicicnt In arsen ite 

mcthyltransferases necessary for effecti ve methylation (Aposllian. 1997). These anima l ~ 

inc lude the marmose t and tamarin whi ch are New World 1nonkeys (Vahter and 

Ma rafante. 1985 ; / ,aldlaryan et al. , 1996; !\poshian et al.. 1997). tbe chimpanzce, an Old 

World prim ate (Vahler et al. . 1995), and the guinca pig, a New Wo rld rodcnt (I leal)' ct 

al .. 1997) They may also shovv different ti ssue-s ]Jec i fic ex press ion (Abe rnathy ct al. . 

1999) . 

TOX ICOLOGY OV ARSENIC : 

Acute and chroni c arsenic toxicities have been shown in a variety of orga ni sms, and the 

data suggest that most inorganic arseni ca ls arc nlore toxic than organic form s (Ahernath )1 

et aI. , 1999 ; Duker et a1. , 2005). Toxic effects of inorganic arsenic include denatunng 01" 

ce llular enzymes through interaction with sulfhydryl groups (Graeme and Poll ack. 1998 : 

Gebel , 2000) , causing ce llular damage through increased reacti ve oxygen spec ies (ROS) 

(Wang et al.. 1996; Ahmad et al., 2000) , and altering gene regulation (Rossman . 1998 . 

Abcrnath ' ct aI. , 1999). Arseni c is known to inhibit more than 200 eni'.ymc~; (A bernathy 

ct aI. , 1999 ; Slyblo et ai. , 2002) and has been implicated in mulli syslel11i c health d TcClS 

via inlerference with enzymatic function and transcripti onal reg ul at ion (NRC, 1995) A 

variet 1 or inhibitory c[(Cels on cellular metabo lism have been shoWI1. alTecting 

mitochondrial respiration (Klaassen, 1996; Abernathy et a I. , 1999) and synthes is of 

adenosine triphosphate (!\TP) (Winship, 1984). Oyeronke et al (2007) observed that 

sod ium arsenite and lead acetate alone and in combination caused a clastogenie effect in 

hone marrow o r rats. It has been demonstrated that sodium arsenite is able to induce 

apoptosis in both human (Abello et al. , 1994) and porcine endotheli al ce ll lines (Wang ct 

aI. , 1995). Methylated arascni ca ls containing /\Slll are potent cy totoxins in cul tured 

primary rat hepatocytes (Styblo et aI. , 1999 ; 2000). Blood sampl es obtained from wo mcn 

and chil dren exposed to high levels of arsenic in drinking water shov" genotoxic clTects in 

peripheral blood lymphocyte, which may be the result of loss of complete Cl11'On10S0mes 

(Dul out et aI. , 1996). !\Cter melabolic meth ylation of inorga ni c arsenic to DMA, DNA 

damage lS induced due to the inhibiti on of repair pol ymerii',at iot1 (Zhao ct aI. , 1997: 

Yamanaka ct a I. , 1997; Ilartvvig et aI. , 1997). DIvIA induces an organ speci li c les ion and 

II 
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single :-; trand breaks in J) / \ or rats, mice and human lung cc ll s in vitro (J(enyon and 

Ilughes, 200 I). Other effec ts of arseni c include ac ti va ti on 0 1' the es trogen receptor. 

inhibition of ang iogen 's is and tubu Lin polymeri zation , induction o f' heakhock protei n. ' . 

and oxidation of glutathi one (Bernstam and Nriagu, 2(00). Due to its structural simil arity 

In phosphate , arsenate may replace phosphorus in bone (Ellenhorn and 13arce loux, 19RR ). 

There is clea r evidence that arseni c can disrupt gene ex press ion, particularl y through its 

cf'fCcts on signal transduction (i\ bernathy et al. . 1999). Arseni c can interact directly with 

the glucocorticoid receptor (GR.) , se lec ti ve ly inhibiting GR-tlled iated transcripti on 

(Ka ltreider et aI. , 200 I). At low concentrations, arsenic has been shown to affect the 

DNA-bindin g capabilities of transcription factors NFB and AP- I. leading to increased 

gene expression and stimul ation of ce ll proliferation (Chen et al. . 2000: Wijeweera et al.. 

200 I) . I-Iovvever. at higb concentrations, arsenic may lower NFB act ivat ion. illhibit cell 

prolircration and induce apoptosis (Abello et a1. , 1994; ShumilJa et aI. , 1998 ; Wei ct aI. , 

2(05) . 

it has been sugges ted th at arsel1Jc can disrupt ce ll division by de ranging the spi ndle 

ap ixlratus (Abernathy et a!.. 1999). Arsenic induces large deletion Illutations (I lei ct cd .. 

1098) . cliromosome damage and aneuploidy (Abernath y et al .. 19(9) and . I) A protein 

cross- linking, and sister chromat id exchange (J luang et a!.. 2004) . It is known to inhibit 

DNA repair (Lynn et aI. , 1997 ; Rossman, 1998 ; Brochmoll er ct aI., 2000) and even to 

exacerbate the effects of other mutageni c agents (Abernathy et al .. 1999), thereby 

increasing susceptibility to multiple diseases (Duker et aI., 2005) . 

ARSENIC AND THE IMMUNE RESPONSE: 

Chronic expos ure to arsenic, in addition to its stimulation of many di seases, may affect 

lymphocyte, monOC YLe and macrophage act ivity 111 mammal s, res ulting 111 

immunosuppress ion (Blakley et aI. , 1980; GOl1se nbatt et a I. , 1994 ~ l ,anl:! tal .. 1994: 

Ya ng and Frenke l, 2002~ Wu et ai. , 2003 ~ Duker ct aI. , 2005; Sakurai d al .. 2(06) . 

/\rsen ic disrupt gJ ucocorticoid regulation 0 I' immune function (Ka I treider ct al., 2(01 ) and 

arseni c-mediated apoptos is may lead to a diminished immune response in mice (Harrison 
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and (VIcCoy, 20(1), ra ts (B ustamante et al.. J997) and humans (de la hlente et al. . 200 2~ 

Cion/a les-Ra nge l et. aI., 20(5). Arse ni c has been shown to suppress IgM and IgCl 

dntibody- f'ormi ng ce ll response in rats and lllice f'o ll owing acute o r~ll intratrachea l 

ex posure to gal liulll arscnite (Siko rsl i et a1.. 1989; nora et al.. 1998) Arsenic ex posure in 

mice red uces macro ph age and neutrophil abu ndance (Patterson et al .. 2004) , inucas es 

susceptib ility to infection (i\ranyi et ai. , 1985), and increases mortality due to bacter ial 

inlec ti on (I latch et a I. , 1985). /\ field stud y of the effects or environmenta l arseni c 

C,\ posure along a pollution grad ient has also been shown to suppress imlllune I'unct ion in 

"v (locl Illice (Tcrsago ct al .. 2(04) . Ij laklcy et al .. I no: Savabicasf~lhani et al. . I ()98 : 

t layak ct aI., 2007 reported that imlllunosuppress ive e rrects of arseni c were Illost 

pronounced at 10"" concentrations of exposure, compared to high concentrations. It has 

even been reported that in sO lll e situat ions arseni c may enhance certain immune responses 

(Yoshida ct al., J 987). 

I cac ti ve oxygen spec ies (ROS) generated during the innate respiratory- burst response 

destroys invading pathogens; however, they can also ca use oxidati ve stress and ti ssllc 

dallw gc and al'lect signal transduction. The introduction or environm ental arsenic may 

lead to the increased production of ROS in laborator I animals (Sehinella ct al .. 19%: 

r ima 1999: Santra et al., 20(0) or in cultured animal and human ce lls (I ,ee and Ill) . Il) l)). 

liarchoV\ sky ct a1. , 1996; I 999a. b; Pinecla-/avelcta et al.. 2004) th rough \ ari ous 

pathways . . Arsenic adivate AJ)PlI ox idase and induces the prod uction or O2 and 1 1 20~ 

(Chen et ai. , 1998), thereby increasing the production of the intercellular messenger () 

(C uri" ct ai. , 1998) , and uncoupling mitoebondrial oxidati ve phosphorylation (K laasscn. 

1(06) . ROS ha e been implicated in the induction of single-strand (ss) breaks in DN/\ 

('I' :llllanaka ct al. , 2(02) ["rom the lun gs of dimethylarsini c ac id treated mice and rats 

(Yamanaka et ai. , 1989). Low levels or ROS can mod ulate gene express ion and induce 

apnptosis (Chen et al. , 1998) , whereas hi gh levels or ROS can result in oxidat ive damage 

and cel l death (lwama et al. . 200 J; anel i et aI. , 2005). I) N/\ damage and micronucleus 

rormatlon ca ll sed by ROS may also potentiate ca ncer by enhall cing cell proliferati on (i lei 

eLal., 1998). 
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(Hreukink _t al.. 1980). In acute pOIson ing the best indi cator o[ recent ingestion ( i 2 

days) is Llrinary arseni c concentration . 

C hronic poisoning: 

] ,ong term arsenic toxicity leads to mtlltisystem disease and the most serious consequence 

is malignancy. The clinical features of arsenic toxicity vary between individuals, 

popu lation groups, and geographic areas. The onse t is insidious with non-spec i fic 

symptoms of abdominal pain , diarrhoea, and sore throat. 

Sldn: 

Nlimerous skin changes occur "vith long term exposure (Lien et al.. 1999). 

Dermato logica l changes are a common feature and the initial clini ca l diagnos is is often 

based on hyperpigmentation, pa lmar and solar keratosis . The keratosi s may appear as a 

uniform thickening or as discrete nodules (Guha et a I. , 1998; Mazul11der et al., 1908). It is 

emphas ised that both palmar and so lar kera tosis arc a signi ficanl diagnostic criteri on. 

Il yperp igmentation occurs as diffuse da rk brown spo ts. or less discrete di [fuse darkcnin g 

01' the skin. or has a characterist ic "rain drop " appearance (Sm ith et a l. . 2000). Arseni c 

associated skin cancer, Bowen' s disease, is an uncommon manifestation in Asians and 

rna) be due to the high skin melanin content and increased ex posure to ultrav iolet 

rad iat ion. Arsen ic Inay cause a basa l ce ll carcinoma in a non-melanin pi gmell ted sl in 

( bernathy et a1.. 1999). 

i ,a rgc population based studics from West Bcnga l in India sho a relationshi p between 

arseni c concentration in tube well water, dose per body weigl1t, and hyperpigmentat ion 

and keratosis, and those persons with a poor nutriti onal status were more susceptibl e. 

j ]O\,vever the study by Smith et al (2000) reports thal arsenic induced skin les ions occur 

among /\taca11leno people in northern Chi le. despi te a good nul ri tional sla tu s. 

I :) 
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Gas tro intestinal system: 

Though di arrhoea is a ma.i or and ea rly onse t sy mptom in acute arseni c pOlsontng. In 

chroni c toxicity diarrhoea OCCLlrs in recurrent bouts and may be associated with vomi ting. 

Suspicion or arscni c ingestion should be aroused i r other mani Ic stations such as skin 

changes and a neuropathy arc also present (Poklis and Saad y, 1990). Mil d oesoph agi ti s or 

co li tis with respective upper and lower abdominal discomfor t, may be accompani ed b) 

anorexia, malabsorption and weight loss, result from chroni c lo'vv dose arseni c ingestion 

(Mon on and J)unnette. , 1994). In 248 patients with ev idence o r chronic arsenic toxicity 

I'rom West Bengal, India who consumed arsenic-conta minated drin king water ['or one to 

15 years, hepatomegaly occurred in 76.6(%, and of the 69 who were biopsied. 63 (9 1.3(Xd 

showed non-c irrhotic portal fibrosis (Santra et a I. , 1999). In another stud y. arsenic was 

co nsidered the ae tiological age nt in fi ve or 42 pati ents with incomplete septal cirrhos is. 

an inactive Corm of macronodu lar cirrhosis, characterised by slender, incompl ete septa 

that de marcate inconspicuous nodules, and an unusuall y hi gh incidence 0 (' variceal 

bleeding (Nevens ct aI. , 1994). 

The incidcnce of liver injury is, 111 ('act, higher in C; uizhou, in south wcst China where 

exposure comes II'om high-a rsenic coal than in areas where arseni c poisoni ng is ei.l ll ~ed 

b) contaminated dri n! ing wa ter, such as in Xil~j i a n g and lnner Mo ngolia (Wang et al. . 

1993: Wang et aL, 1996), or in West Bengal, Ind.ia (Mazumder et al. , 1998) . The Ii cr 

injury is clinically manifested as liver enlargement (hepatomegaly), abdominal pain , loss 

0(' appetite, chronic indiges ti on with portal hypertension, with or without elevations in 

serum al11 in otrans lCrases (ind icati ve 0 (' hepatoce ll ular death) (I,hOll , 1 99 3~ I ,hang et ;11 .. 

20()O; I,hoLl et al. . 1994: I,hou et al. . 1994: I,hou et al. . 1(98). 

Cardiovascular system : 

Arseni c exposure via dr in king water has been associated with coronary heart diseases. 

stroke, and peri pheral vascul ar diseases in humans (Wang et a I. , 2002; avas Aciell ct al .. 

20() 5~ Duker et aI. , 2005). Tn indi viduals exposed to arsenic via artesiall in Tai wan 
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increased morta li ty ('rom ca rdi ovascul ar desease has been reported (Chen et al.. 1996) , In 

(;I stud y in Millard Co unty, USI\, based on a matri x for cumul ati ve arseni c ex posure, (l 

signi fieant inc rease in mortali ty in both males and f'cma les ('rom hypertensive hcart 

di sease occurred (I ,ewi s et aI. , 1999) , In Hang1adesh, Rahman et a lin J 999 reported :11l 

inneased incidence 0(' hypertens ion in a large stud y 0(' ! 48 1 subj ects cx posed to arsen ic 

in we ll wa te r, Seventy four Tai wanese patients with ischaemi e hea rt di scase in 

"arse ni asis-hyperendemic v ill ages " vvere studied and a link between iscbacmic hea rt 

disease and long term arsenic exposure was sugges ted (lIsueh e t. aI., 1 998 ~ Tsai et al, . 

1999), 

I\rsenic ca uses d irect myocardial injury and cardiomyopath y (I3cnowitl'., 19(4) , lil ac" 

foo t di sease is a unique peripheral vascular disease, causing gangre ne of th c root uni q lll~ 

to a limited area on the southwestern coas t of Taiwan, due to long term ex posure to hi gh 

arseni c in artes ian well water (Tsa i et ai. , 1999). 

Neurological system: 

1'11C ncuroiogica l system is the majo r targe t ('o r the toxic effects of ar~;l' nI C !,uth III 

chi ld ren and adults (Wasserman et a!. , 2004). Tl1 e neurological crrects are many anc! 

vari ed. The mos t ('requent finding is a peripheral neuropathy mimie king Guili ain-Ha;Tc 

syndrome with s imilar electromyographi e findin gs (Cloddard ct a l.. 19(2). The 

nellropathy is initially sensory with a glove and stock ing anaesthes ia. Nellroto:-.i,: i ). 

manifes ted as loss of hea ring, loss of tas te, blurred vision , and tingling anc!nlllllbll l' SS ur' 

the limbs frequently oceurs (Zhou, 1993 ; Liu, 1992) , Corneal innammatiol1, tearin g eye'i. 

and blurrcd vision becomc more frequ ent and severe as exposure level s to arsenic 

increase (Zhou. 1993 ; Zhang et al.. 2000; Li u. 1992) , 

1\11 increased prcva lence 01' cercbrovascu lar di sease. L~s peeial l y cerehral ill l ~l r cti ()n . wa~ 

observed in a large stud y of 8102 men and wo men who experienced long IeI'm lI rsellie 

exposure fro m well water (Chiou et al. , 1997), 
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(;enitourina,"y system: 

The Millard County study reported an increased mortality fro m nephriti s and prostate 

cancer (Levvis et a!. , 1999). Guo et al in 1997 analysed cancer registry data ( 1980 87) or 

tumours or the bl adder and kidney in Taiwan and reported that hi gh arseni c levels in 

drink ing wa ter rrom \,ve ll s were assoc iated with trans iti unal ce ll ca rcinomas 0 1 the 

bladder, kidney, ureter and a ll urethl'al cancers in both males and remales. and 

adenocarc inomas of the bladder in males (Guo et a!. , 1997). The autho rs suggest that the 

carcinogenicity of arseni c may be cell-type speciftc. In contrast, a study from Finland 

ro und an association with bladder cancer ri sk but not kidney cancer, despite very low 

arse ni c concentrat ions in the drilled well s (Kurlli o et a!. , 1999) . 

More data arc required to establish a firm causa l relat ionship between arseni c inges tion 

and adverse outcomes during pregnancy and on neo natal morbidity and mortality. In 

pregnant Andean wornen \,vho consumed \,vate r with arsenic concentrations or abo ut 200 

~l g/ l. arsen ic in cord blood (9 pg/L) was almost as hi gh as in maternal blood ( \1 pg/ l.). tn 

the sallle group pl acental arseni c was 34 pg/I. compared with 7 pg/I In \\Ull1~1 1 

unc'"-posed to arseni c (Concha et aI. , 1998). 

The results of studies by Concha and colleagues in the Andes in Argentina add another 

dim ension to this prob lem (Concha et al. , 1998). The fetu s, infants and children who arc 

breast lcd , arc ex posed to arsenic toxicity [rom the mother. 

Respiratory system : 

ln halation or arseni c 111 th e indoor air can ca lise re spiratory symptoms including 

persistent cough. chroni c bronchiti s, reduced res idual vo lullle and vital capacity, and x­
ray abnormaliti es (I,hou, 1993 ; Zhang et a1.. 2000; tiu , 1992). Studi es from Wes t fiengaL 

India draw allention to both restricti ve and obstructi ve lung disease (Mazumder et a!. . 
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I () l)8) . Respirato ry di sease was more common in pati ents vv ith the characlerist ic skin 

les ions of chro ni c arseni c to xic ity (Ma:;,umder et a I. , 2000). Simi lar assoc iati on belween 

sk ill man i f" stat ions and lun) diseas as reported in Chilean chil dren (Borgol1o et al .. 

1977). The poss ibil ity of' increased depositi on of' arsenic in the lung, although the reason 

is not knmvn, is supported by necropsy studies in a li mited number of' pati en ts (Saady et 

al., 1989; Quatrehomme et ai. , 1992) . I\n increased incidence of bronchitis occurs III a 

study on pati ents with black f'oo t di sease in Ta iwan (Tsa i et al. , 1999). 

End ocrine and haematologiea l systems: 

Lx posure to high concentrati ons of arseni c is assoc iated vvith an increased ri sk or diabetes 

Ill ellitus (Tsai et aI. , 1999; Ra hman et aI. , 1998). Tseng et aI. , (2000) in a stud y in Taiwan 

have f'ound that there is a link between exposure level of arseni c and incidence of' 

diabetes. Tn a case con trol study conducted in Northern states of Mexico in whi ch link 

between arseni c and diabetes 2 was f'o und . It was f'ound that the indivi dua ls with 

in termed iate amount of urinary arsenic, had two fold more ri sk o f' deve loping diabetes 

whi le those having higher concentration, the risk became three times greater ((Jon;:aks ,,:t 

al .. 2(07) . Tn chronic arsenic toxicity neutropenia occurs (Poklis and Saady, 1990). 

Ma lignant diseases: 

The relat ionship between arsenic and mali gnancy is o f' growing conce rn as many millions 

or peopl e are potentia l victim s. long-term exposure to inorganic arsenic is assoc iated \' ith 

certa in forms of cancer of the skin, lung, colon, bladder, liver and breast (Nemery, 1990 ; 

Abernathy et al. , 1999; ] luang et aI. , 2004; Duker et al. , 2005). In Bangladesh and Indi a 

arseni c is assoc iated with skin . lung, li ve r, kidney, and bladder cancers (Rahman et al. . 

2(01). There is ev idence f'rom other countries that arseni c exposure ca uses mali gnancies 

of' lung (Axelson et aI. , 1978 ; Hopenhayn et al. , 1998), li ver (Tsai et at. , 1999), kidney 

(1,-: \ is et al. , 1999; Hopenhayn et 211. , 1998), and bl adder (Guo et aI. , 1997). Data Crom 

Taiwan also documents ma lignanci es of the bladder, kidney, skin , lung. nasa l cavi ty, 

bone, li ver, larynx, colon, and sto mach as we ll as lymphom a (Tsai ct al. . l l)99). In 
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addit ion, inorga1lic arsen ic (InAs) has long been considered to be a teratogen in mult ip le 

mamma li an spec ies (S hal at et a i. , 1996 ; Wloda rc/.yk ct a I. , 200 I ). 

It has bcen s uggested that arseni c may ac t as a ca rc inogen throu gh DNA hypolll eth ylat ion 

and overexp ress io n of' protooncogcnes (/" helO et a l .. 1997 ). Cance r may ind uce by 

a lteration of DNA- re pair mechani sms, thus interfe ring vvith cell di vis ion , di[f'erentiation 

an d tu mor suppress ion (C hen e t a t. , 1996 ; Goering et a l. , 1999). Add iti ona ll y, a rse ni c may 

induce certain forms of cancer by enhancing the carcinogenic effects of o th e r substances 

and by affecting me tabo li c pathwa ys (Huang e1 aI. , 2004) . ) S truc tura l chromosome 

abe rrations were studied in a gro up of indiv idua ls w ho co nsum ed a rseni c i"rom we ll watc r 

in I:inl and and th e assoc ia ti on vvas stronger in current use rs th an in thc 10 s ubj ects who 

had sto pped using the co ntamina ted well wa te r lo r 2 4 months before 'am pli ng (Maki ­

Paak l anen e t al. , I 99R). 

Confirmation of Poisoning: 

Measurem ent o f' 24-ho ur urinary excretion of a rsen ic (mi crog ram s pCI' day) is th e 111 \ ;\,1 

common way to confirm excess ive absorption and is the preferred method to foUow seri al 

levels and evaluate chronic exposure (Malachowski, 1990; Fesmire et a t. , 1908). 

Methods to determine blood arsenic co ncentration are available; however bl ood leve ls 

tend to poo rl y co rre late with ex posure except in the initi a l acute phase (Fesmire ct al. . 

1998 ; Wagner and Wesw ig 1(74). Arseni c exc reti o n abo ve I 00 ~l g/da y shou ld be vic'" cd 

wit h susp icion and th e tes t should be repeated. I ~x c re ti o l1 s above 200 p g/day re fl ect a 

to)..ic intake, unless seafood was inges ted (Fesmire et aI. , 1998; Wagner and Weswig 

1974; B uche t e t aI. , 1994; Braselt and Cravey, 1990). Diets rich in seafood, primaril y 

shell fish in the prev io us 48 hours, may generate 24-hour urine excretion levels as hi gh as 

200 ~l g/day and so metimes more (Campbe ll and /\I va re/., J 989 ~ f3uch et et a l" 19(4) . The 

majority of' m arine arseni c that is exc reted is in th e meth y la ted ('o rm (msc nobetain c) and 

is not considered ac utely toxic. However, one stud y suppo rts that some of the arse ni c 

re leased from mussels may contain hi gher am ounts of arsenic triox ide than previo us ly 

thou g ht (B uche t et aI. , 1994). 
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Concentrations o r arsenic in bl ood. urine. or other bio logic materia ls can be measured b) 

either \Vel or dry ashing, I<)ll owecl by colorimetric or atomi c absorption spectrometric 

ana lysis. The latte r method is preferred. Blood conce ntratio ns in excess or abo ut 100 

pg/I probab ly indicate excess ive intake or occupati onal exposure; pro vided that seafood 

was not ingested before the smnple was taken (Campbell and Alvarez, 1989 ; I:esmire cl 

ai. , 1998; Wagner and Weswig 1974 ; Brase lt and Cravey, 19(0). 13100d sampl es tend to 

co rrelate with urine samples during the ea rly stages o j' acute inges ti on (I:esmire el al. . 

1998), but because arsenic is rapidly cleared hom the blood, the 24-bour urine sampl e 

remains the preferred method for detection and [or ongoing monitoring (Malachovvski . 

1990; Fesmire et aI. , 1998; Wagner and Weswig 1974). Hair has been used ror evaluation 

or chronic e,·posure . Leve ls between 0.1 and 0. 5 I11 g/kg on a hair sample indi cate chroni c 

po iso ning while 1.0 to 3.0 mg/kg indi cates acute poiso ning. Il a ir samples shou ld be 

\,icwed with caut ion beca use external environmental contaminat ion such as air pollution 

may artifi ciall y elevate arsenic levels. 

DEVOPMENTAL AND RE]>ROnUCTIVE TOXICITY: 

;\rscnic is a rnetalloid that is typical ly grouped vv'ith meta l: in con: idenng i ts 

de ve lopmental and reproductive tox ici ty (Ferlll , 1972; Domingo, I SJ(4). Arsen ic was the 

hi ghesl ranking of 164 developmental and reproductive toxicant (DART) candidates 

co mpi led [or consideration under Proposition 65 (A prioritization scheme was developed 

by the Calirorn ia Department or Hea lth Services to select chemica ls ror considCl'ati on b) 

the Prnpos iti on 65 Sc ienti fi e Adv isory Panel. J-' Oll\' ascertainment meth ods \.ve re used to 

ide nti fy and construct a master li st of' 164 candidate agents in 1992 (Donald et Cl I .. 1 99~) . 

I'hi s ranking vvas based on production, Llsage, and exposure data, inclusion on published 

li sts o f' reproductive toxicants , and nomination by experts in reproducti ve tox icity. 

Arsen ic was also ranked first as the agent that "posed the greatest reproducti ve or 

de\ 'elopmental hazard to hum ans" based on responses of a Delphi committee or ex perts 

organi zed by RC) lAS to pri oriti ze candidate DARTs. At the fede ral leve i. arseni c was I 

of 30 chemica ls identifi ed as o f' greatest concern f'or regul ati on as a reproducti ve toxicant 

(ClAC), 1991 ). 
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DEVELOPMENTAJ _ TOXICITY: 

J)e\ c lopmental to x ic ity ca n hd\ 'C co nsequences ran g ing 1'1'0111 dea th . structural 

abnormality to al tered or reta rded growth and f"unctional defici ency (US I: I)A 2000. 

rev iew). In a brief" repo rt of an ecological stud y, spontaneous aborti on and still birth were 

examined in a Hunga ri an population (n=25, 648) exposed to elevated Arseni c in drinking 

water rrom reg iona l well s (Borzsonyi et a l .. 1992). 

Organ ic arsenica ls are less toxic than ino rga ni c a rse ni ca ls. The te ratoge ni c potential (1r 

I \ SIIl is greater th an As v (I]unter, 2000; l ,a ml11 on e t al.. 2003) . There are three CLlse 

repo rts o f inorganic A rseni c poisoning in pregnan t women. In all cases, the moth ers 

survived under clinical case. In one case, the mother ingested Arsenic at 30 weeks 

ges tat io n and deli vered a premature infant 3 days la ter w hich died th e same day (Lugo et 

a l. . 1969). In th e second case. 28 week s pregnant. intraute rin e dea th occurred 4 da Is a rler 

po iso nin g and tox ic leve ls of' A rseni c were round in feta l ti ss ues (Bo lli nge r et al.. 19()2) . 

In the third . 20 weeks pregnant. chelation th erapy was imm ed iate ly init iated am (l 

hea lth infant was deli vered a t 36 weeks (Daya e t a1., 1989). 

It traperitoneal inject ions of sodium arsenate to ra ts on gestational clay 9, inerease~ the 

inc ide nce of" resorpti on and produces c rani a l, neura l tube. eye. ske le tal , renal and go nad 

defects as wel l as cleft lip and micrognathia we re obse rved, thou gh dos ing o n day 8 or I () 

was effecti ve(l3caud oin , 1974; Burk and Bea udoin . 1977 ; Stump 1998). I n one st udy 

pregnant rats receiving intraperitoneal inj ec tions of sodium arsenite caused an increase in 

resorption and malformation in rats. Brain and eye defects \~/ere seen afte r treatment on 

ges tatio nal day 7, 8 or 9 (Umpierre, 198] ). Pregnant rats receiving sodium arsenite i.p . nn 

gestational day 9 had fe tu ses w itb crania l neura l tube and eye de fects. Arseni c ex posure 

is a lso reported to result in structural changes in the thymus or pregnant and ncvvborn 

mice (S kal ' naia et a!. , t 995) , and longterm ex posure or arsenic is associa ted "" ith 

abortion, lo w birth weig ht , and reduced lactation (Dona ld e t a1. , 1995) as we ll as with 

embryoni c ce ll s tox icity in vitro (Lee et ai. , ] 985) . When pregnant rats were fed w ith 

arseni c in drinking water at a dose of 0.03 , 0 .3 and 3ppm, it was found that at dose o r 

3PP111 there was a 25% neonatal death as compared to 0. 3ppl11 , w here ra ts were able to 
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com p!c tl~ ges tat ion and parturition on schedule . Other e lTec\s incl uded decreased 

spontaneo us hehav ior of mother and 1 day old pups at both 0.3 alld 3pplll . Therc \,,'as al so 

an increase in tbe generation of ROS, nitric ox ide and decreased DN A and pro tc in 

synthes is (Chattopad hyay et a1.. 2002). 

1 ~ lllbryotox i c ity induced by arsenica ls IS co ncentrati on. embryo nic stage and time 

de pend ent (Tabadova et a!. , 1996). The mechani sm proposed to ex plain the arseni c 

teratogeni ci ty inc lude cy totoxicity, inhi bit ion or co ndrogenic di ll cren ti ation. 

mutagenicity, ce ll cycle arrest, apo ptosis and enhanced ROS producti on (Kanti ane! 

Smith , t 997; Hunter, 2000 ; L iu et al. , 2003 ; Navarro et aI. , 2004). 

Arseni c has an ability to get through the placenta to the developing fetus. When pregnant 

micc inhaled arsine gas, a higher concentrati on of arsenic in the fetal brain and li ver as 

compared to maternal li ve r and pl acenta (M iyazaki et al .. 2(05) was observed. In the 

drinking water of a pregnant rat the presence of inorganic arse ni c results Ln the 

accumulation of arseni c in fetu s including the [eta l brain (Rodri guez et a!. , 2002). 

REPRODUCTIVE TOXICITY : 

M:!I"I) heavy meta l contaminants o r the en vironm ent. including arse nic , have the poll:lltial 

to disrupt reprod ucti ve phys iology and development in widely di sparate species rronl 

laboratory rodents to humans (Bell and Thomas 1980; Sbalat et a!. , 1996) . Occupational. 

illdustr ial, environmental, therapeutic and dietary exposures to wiele range of chemi cals 

and heavy metals have harmful e ffects on male fertility (Check and Mclach lan, 1998: 

Pant et aI. , 2003) . 

In studies of pregnancy ou tcome at the Ronnskar smelter (Ronnskar smelter in northern 

Svvedcn produces a number of metallurgical and chemical prod1.lcts fro l11 complex orcs 

wi th hi gh contents or arsenic), paternal crrcc ts on spontaneo us abortion were 

investigated . When both mother and father wo rked at the smelter. the abort io n rate v\ as 

higher than if on ly the mother was ernployec! there (19.4 vs J 3.5%) (Beck man, 1978). A 

hi gher abortion rate was found for parity >2 (n 117) but not for parity I or 2 (Norc!stralll 

c ( a!. , 1979a) . Survey re ports Cronl tJle Ukraine, Tai wan, and Bangladesh revealed that the 

il1 take of arseni c-eo ntanlinated drinking wa leI' caused reproducti ve di sturbances in 



I nll'OdllCI i Oil 

\<\fomen (/adorozhnaja et aI. , 2000) , adverse pregnancy outcomes (Yang et aI. , 2003) , and 

spontaneo Li s aborti on (!\hm ad et aI , 2001). 

The efrcct or sod ium arsenite on male ITprod ucLi ve system is meager. In rodcnts. high 

Ic\ 'els o r radioactive arsenic ha ve bcen detec ted in the epididymi s and semin al duet 

(Da ni elsson ct al. , 1984) and caused pathological changcs in the structure or testes (Pires 

el al. . 2004). Sodium arsenite itraperitoneall y administered to rats ca used suppress ive 

inntlence on spermatogenesis, gonadotropin and testosterone release, induced inhibi tory 

e['fect on testicul ar steroidogeni c enzymes and showed reducti on in the wc ight o r testes 

and accesso ry sex organs (SarkaI' ct al. , 199 1). Some or the re lated studi es ill adu lt 

an i mals are : 

• Pant et al (2001 ) administered male miee (20-' 2 g) sodium arsenite at a dose 0[' 

53 .39, 133.47, 266.95 and 533.90 ~llnol/L in drinking water ror 35 days. The) 

observed a decrease in the ac ti vity of 17 r~ HSD along with increase in LDIL yGT 

at hi gh dose leve l. Epididymal sperm count, motility and morpholog ical 

abnormaliti es in sperm also decreased signifi cantly at hi gh dose. Signi fic ant 

accumul at ion of arsenic in testes and accessory sex organs \vas also f()Lllld at all 

the doses except the low (53.39 ~lmol /L ) dose. 

• In another study Pant et al (2004) studi ed the ITect 0[' chroni ' (.165 c!~: s) ore 

sodium arsenite (53.39 pm olll,) exposure to Swiss male albino mice 0[' g 10 

weeks old and round a decrease in testicular weight, act iv iti es o r marker tes ti cular 

enzymes such as sorb itol dehydrogenase, acid phosphatase and 17 ~ liS]) with '-1 

signifi cant decrease in sperm count and sperm motility. They also observed a 

significant accumulati on of arsenic in testes, epididymi s and accesso ry sex 

organs. 

• Sarkar et al (2003) investigated the effec t of 4, 5 or 6 mg/kg/day sodium arsenite 

for 26 days in 4 months old mal e Wistar rats. In the 5 and 6 mg/kg groups, there 

were signifi cant dose dependent dec rease in the accessory sex organ vve ights. 

cpididyrnal sperm count and pl asma concentration s of'L] r, l:S Il and tcstus l ~rune 

\-\ i 111 mass ive degeneration of spermatogeni c ce ll s. 

• Sarkar el al (2008) studi ed the eUect of 30 mg/L and 40 mg/L soci i lI l1l -nicl{l­

arsenile in adu lt male Swiss albino mice for 30, 45 and 60 days. They observed a 
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signillcant reduction in tes ti cular wei ght. seminikrous tubule diamcter. \ arIO US 

spermatogenic cel l popUlation and Leydig ce ll atroph y. 

ll oweve r, thc actual mo lecu lar events resulting in male reproductive toxicity I'rolll 

ex posure of" in organi c arseni c remain uncl ear. There are several poss ibl e mcchani sms for 

the anti gonada l acti viti es o r dijTerent chemicals. They lTl ay exe rt direc t inhibi to ry ac ti on 

on the testi s, they may affect pituitary ca using changes in gonado trophins concentrations 

and th us spermatogenesis impairment (Jana et a1.. 2006). 

S PEHMATOG I~ NESIS : 

I'cs ti s is representati ve of the major system at ri sk when anima ls are ex posed to 

environmenta l geno toxic age nts which cause DNA damage, due to potential inheritab le 

mlltations (Ator ino et aI. , 2001). In the testis, spermatogenes is occurs in three maj or 

ph ases. mitotic proliferation of spermatogonia, reducti onal meiotic spermatocyte di v ision 

and haploid spermatid differentiation to form mature spermatolOa ( il ande!. 19 9 ~ ) . 

Several unique events take place during meiosis that are not IC)LlI1d in so ma tic ce ll s. Lil t. 

tW() most p l"O minent being chromosome pairing and reco rnbination during pro phase I 

(1 lawley, 1988) . 

Spontaneous germ ce ll death during spermatogenesis IS an important event that takes 

pl ace mostly at some speciflc stages of the spermatogeni c cycle (Kerr . 1992 ' 13l anco­

Rodrigue/. and Martinez-Carcia, 1996b) . The occurrence of increased germ cell apoplOsis 

is under several circ Llm stances, such as hormone deprivation particularly testosterone and 

gonadotropins (Tapananinen et al. 1993; TIenriksen et aI, 1995a. 1995b; Sinha-Tlik im et 

a1. 1995; 8 1anco Rodriguez and Martinez-Garcia, 1996a; 1997a) , and experimental 

chryptorcJlid ism (S hikone et aI. , 1994) have also been reported. 

Throughout their development from spermatogoni a into fu ll y diffc remiatcd spcrnHltt)/Oa . 

the germ cell s are nursed by the envelop ing Sertoli ce ll s. From Sertoli ce ll recon struction 

studies , it has been calcul ated that about 50 genTl ce ll s of four different cell types arc 

embedded in the sllrface o f' each Sertoli cell (Weber et al.. 19R3). Sertoli cel ls are the 

main target o f r s r l and testosterone. I,ll and FSII arc required r'or thc initi ation and 

maintenance o f" spermatogenesis in prepubertal and pubertal rats (Chowdhury. 1(79) and 
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ro r qua'll itati vc ly normal spe rmatogenesi s In pubertal rats (Russe ll et al.. 19R7) . I figh 

le ve l or testosterone is required I'o r the mai ntendnec o f' structural morphol ogy and norm al 

phys iology of selllini fcro us tubul e (S harpe et al.. t 9RR ; Sharpe et a I. , 1992; 13lanco­

l~ o dri g Ll e/. and Martinez-Garcia, 1998 ; Santen, 1999 ; Weinbauer et al.. 200 1; Perc/. et al.. 

2006). 

Arsenic IS a potent endocrine disruptor (Sak urai and [limeno, 2006), altering gene 

regulation by the closely re lated receptors of" g lucocorti co ids (C R), mineraloco rtico ids 

(MR), progestero ne CPR), androgens (Al~) , and es trogens c r:r~) at concentrat ion as low as 

O. ()] ~lM or 0.7ppb (Davey et aI. , 2007). Arsenic intoxica tion is associated with 

spe rm ato tox icily (Waalkes et aI. , 2003; Pant e t a I. , 2004) , inhibition o f" tes ticular 

androgenesis and reducti on of the weight of the tes tes and accessory sex organs (Sarkar et 

al .. 2003) in experi mental ani mals. Arse nic ca uses te sticul ar to xiclt) by germ ce ll 

degenerat ion and inhi bits androgen prod ucti on in ad ult male rats. Co-admini strati on 0 1' 

heG with sodi um arsenite \,vas f"ound to partiall y prevent the dele teri ous e lfec ts o f" 

arseni te whereas estradiol was found to enhance the effects of" arsenite, so the toxic 

effec ts of arsenic might invo lve pituitary gonadotrophins and that it mi ght ac t tl"L!'ough an 

estrogeni c mode of" action (Jana et aI. , 2006) . 

DNA DAMAGI~: 

Paternal exposure to tbe tox icant may cause changes in sperm quality. there hy 

contribu ti ng to in f"e rtility and adverse progeny outcomes. I~v i den ce is now ac 'ulll ul ating 

abo ut the importance to embryogenes is o f" geneti ca lly competent spe rmatll/'oa dur;ng 

both natural and ass isted fe rtili zation (Alex is et al., 2004). Several authors have reponed 

signifi cant correlation s betvveen sperrn D !\.. damage and effects on Jcrtili za ti on as \o\'e ll 

as embryo cleavage and pregnancy rates (Sun et aI. , 1997 ; Lopes et a I. , 1998 ; Larson et 

aI. , 2000 ; Morri s et al., 2002). 

Tbe recent increasing popularity of assisted reprod uction techniques (ART) including 

itra-c), top lasmic sperm inj ecti on (lCSJ) demands sensi ti ve estilna ti on of" sperm DN /\ 

integri ty in order to ensure the geneti c hea lth of resultant offsprin g. Full sperm DN!\ 
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integrity usuall y is de fin ed as the absence of DNA nicks or single strand (ss) breaks. 

double strand (ds) breaks and chemi cal modificati ons of the DNA (1 Ioe ijmakers. 2001 ), 

I'our main methods are mos tl y used to detect the integrity o f' I) A incli\ 'idual 

spe rmatozoa: in situ nick translation. the term inal deoxynuckotidyl translCrasc LIssa) 

( I'cn A or T UN I-:L) , the sperm chromati n structure assay (SeSA) and the single ce ll gel 

electrophoresis (SCGE) assay or comet assay . In situ nick translation utilizes D A 

po lymerase I to incorporate labeled nucleo tides in a template specific manner (Manicardi 

et al .. 19( 5), The TdTA or TUNEL detects DN!\' strand breaks where 3'0 1-1 groups arc 

availabl e (in ss and ds DNA breaks) . The SCSA indirectl y measures DNA sta hi lit :\' via 

the rela tive amount of acridine orange nUOI'escence indicating ss DNA (h'cnso ll ct ,11 .. 

1980). The SCSA has been previously correlated with fertility in all ART se lli ng 

(L':vcnson et aI. , 1999; Larson et aI. , 2000 ; I~vcnson et aI. , 2002), Thc co met assay 

(SeCiF) also detects ss and ds DNA strand breaks (Singh et aI. , J 989:, [lughes et al .. 

1996: McKelvey Martin et aI. , 1997). The cO lll et assay has been prcvio usly used to 

corre late sperm DNA damage \~I ith implantati on success after ICS I ( I)onnclly Cl ill .. 

:2.000; Morris et a I. , 2002). Aravindan and co-workers (1997) have co mpared til e SCSA 

with a version of' the neut ral comet assay ( C!\) and 'J'UNL L assay and Ii.)und the 

corrclation between SCSi\. and comet assay to superior to that between SCSA and 

TUNIT assay. 

The advantages of co met assay compared to other genotox icity include: ( I) it s 

demonstraTed sensitivity f'or dectecting lovv levels of DNA damage; (2) the requirement 

of'small num ber of ce lls per sample; (3) fl exibility; (4) low costs; (5) ease of' appl ication : 

(6) relat ively small amounts of a tes t substance to conduct studies; and (7) relative ly short 

ti me period req uired to compl ete an ex pcriment ('fi ce et aI. , 2000), General revicws on 

comel assay have been published, include Tice et al (199 1), McKelvey- Martin et al 

(1993), Tice ( 1995) , Fairbrain et al (1 995). Anderson et al (1 998)., Rojas ct al (1999) , and 

Speit and lIartmcllll1 ( 1999), 

The comet assay was (irst introduced by Ostling and Johanson ( 1984) as a techn ique 

which allowed the quantifi cation of D 1\ da mage in an electric Ji eld . Singh cl al ( 1988) 

and Olive et al (1990) independently modifi ed the method by deve loping alkaline vers ion 

0[' this assay using pI-I > 13 and pH - ,12.3. respec tively. Generall y, DNi\. is denatured and 
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unvm und at pi I above 12. 0 because of' the di sru ption oC hydrogen b()nd s bet \\ cell dn ub lc­

stra nded DN A (I( ohn . J 99 1). Since the introduction of' alka line comet assay the breadt h 

oC applications and tbe number of investigat ion s using thi s technique have increased 

almost exponentia lly. Thi s assay has been widely used in genetic toxicology (Tice et al. , 

2000: Salcha et aI. , 200 I) , environmental biomonitoring (Plappert et al .. 1997:. llartmann 

ct a I. , i 998 ; IVl itchclm ore et aI. , 1998; Cla raj-Vrhovae et al .,2000 ; Gichncr et al .. 20(0). 

clin ical invcstiga tions (McCurdy et aI. , 1997; Sarkari a et al. . 1998 ; Mo rri s et aJ.. 1900: 

131asiak et aJ.. 2000 ; I ,hang et al., 2000) , molec ular epidemi ology (de Rcstrepo c! al .. 

2000) and human epidem iology (Berwick and Vineis, 2000) . 

The single ce ll gel electrophoresis technique (the comet assay) measures DNA damage. 

includi ng double-strand and single-strand breaks, in somatic ce ll s aner a va riety o l~ 

genotoxic insults (Tice, 2000). This assay has been applied to both animal and human 

spe rmatozoa (J Taines et a I. , 1998 ; Singh and Stephens, 1998). Comet assay \NU S used li) r 

thc detect ion of DN/\ damage in lymphocytes (Benitez-Bribi esca et aI. , 200 I ). in 

is lulated ce ll s Crorn ca rdiac muscle (Wojevvodzka et aI. , 2002) in skcletal muscle cells 

(Yasuhara el a1.. 2003) , in eosinophils (Malm-I':: lj eCa lt et aI. , 2(04) , in sperm ce ll s Crom 

:;C lll en sampl es (Ahmad et a I. , 2007) and in isolated cumulus eell s (Sinko el al .. (200<)) . In 

the prescnt study 'OIllC! assay was used to examine the dfeet oC sod iulll arscnite on 

epid idymal sperm DNA damage in grow ing age Sprague Dawley rats. 

One oC the principl es oC the comet assay is that doub le stranded DNA rcmall1s In the 

comet head and short fragments of doub le and single stranded DNA move into the tail 

area (Klaude et aI. , 1996) . Therefore, spermato7.0a with high leve ls of DN/\ strand breaks 

sho w morc comet tai l Duorescent intensity (Hughes et at. , 1996) and tail length (Si ngh 

and Stephen. 1998) . In comet measurement, tail related parameters such as co met length. 

tili l lcngtll. co mel tail percentage oC D /\ . tai l moment and o li ve momcnt. renecb the 

sperm DN A damage whercas. comet head I)N /\ percentage and intact I) 'A numher 

represents the sperm DN/\ integrity. Tail and head DNA percentage ha ve the equal 

prognostic ability to discriminate the abnormal chromatin structure of sperm (Ahm ed , 

2007) . The concept of tai l moment (- a measure of tai l length x a measllre 01' DN/\ in the 

tail) as a metri c fo r DNA mi gra tion was introd uced by Oli ve et al ( J 990). 
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\1c's t o r the vvork related to arseni c toxicity has been do ne in the adult animals. There is 

lack 01' literature about the reproductive toxicity 01' sod ium arsenite in growing age ( I'rom 

4 g weeks of age) mal e Spraguc Dawley rats. In currcnt stud y the treatment was 

ini tiat l:d at 28 days age and continued upto 56 days 01' age to kno\,v the adve rse cl"ICCls or 
d i 1 Terell t doses (5 Oppm, IOOppm and 200ppm) 0 I' sod i um arscn i te on structure and 

runcti on o l' tes tes, epididymes, vas deferens and stero idogenic act ivity and D 1\ damage 

in ep ididyma l sperm or mal e rats. 
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Ma terials and Methods 

ANIMAL SELECTION AND CAn E: 

Adu lt male and fe mal e S prag ue Dawley ra ts were procured r'rom Nat ional Institute 01' 

Ilca lth (Tslamabad , Pal istan) and were maintained in a 12 h li ght and 12 h da rk cyclc in 

the an imal house of Quaid -I-A/,am uni ve rs ity w ith free access to standard laboratory food 

(formulaled and prepared in our laboratory) and wate r ad libitum. A rter mating fe male 

rats we re a ll owed to g ive birth . The res ultant offspring a t 28 days age were used ill 

prese nt stud y. The animals we re we ighed before the initiation of ex perim ent, th e ir body 

""e iglrt ranged from 75-80 gm . 

EXPERIMENTAL DESIGN AND CHEMICAL TREATMENT: 

The chemical used as toxicant in th e eurrent stud y was sod ium arsenite (Merck) di sso lved 

in drin king water , 

A ll the anima ls were rand oml y divided in 4 gro ups o r' 8 anima ls (n 8) caeh. A ni1l1 al s pi 

each gro up were trea led as follows. 

G t"oup-l eontrol was given drinking water. 

G roup-2 was given 50ppm sodium arsenite in drinking water. 

G nlup-3 was given I OOp pm sod ium a rsenite in drink ing wate r. 

G rou p-4 was given 200ppJ11 sodiulll arsenite in drinkin g wate r. 

T hi s treatment was continued for 28 days from 4th week to 8 th week of age . I~ody we ight 

was recorded weekly during the experiment. 

ANIMAL SACRIFICE, COLLECTION 0)1' BLOOD AND REPHODU CTIVE 

ORGANS: 

After 28 days treatm ent of sod ium arsenile bod y we ight was recorded and all lhc animal s 

were saeriJicccl uncler chloroform anes thesia w ithin 8:00 and 10 :00 h to avoid any diurn a l 

fl Llctuation in the co ncentrations of hormones. Blood was collected fro m each anim al 

[i'O IlI dorsal aorta using bepranized syringe (2 1-guage needle). from the collected blood 

0. 51111 was sto red at -70 °C r() r the es tim at ion of arse ni c depos iti o n by flame atomi c 
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ab:.;orpti oll spec trophotometry eq uipped with fl ydro id Cenerator. From the res t o r bl oud 

plasma was separated by eentr i ['ugati on at 4000 rpm lo r 20 minutes. Pl asma sampl es were 

sto red at -20 "C until hormonal es timations were performed. Th e paired tes tes. 

epiclidymes. and vas deferens were di ssected out quickl y and washed in 0.9{X) (vv/v) 

normal sa lin e, pat dri ed and the wet we ight taken in Seritorious electrical balance. The 

size 01' the organs was record cd by digital verni er ca liper. ll a l f of the ri ght tes ti s. 

epididymi s and vas defe rens ["rom control and a ll th e three trea ted groups we re used Cor 

routine hi stology and the other half ofthe testes from a ll groups were used ["or estimation 

of dail y sperm production and epididymes for comet assay. The ti ssues of the remaining 

animals were stored at -70 "C for atomic abso rption spectrophotometry. 

rllSTOLOGICAL PROCED URE: 

The ti ssues were immersed in fi xa ti ve sera (60% alco hol I 30% I'orma ldehydc I 10% 

acetic acid) for 4-5 hours and dehydrated in graded ethanol series (80-100%) in 

subsequent steps. Cedar wood oil was used for the clearing of tissues. Afte r embcdd ing. 

the tissues were mounted on ""ooden blocks and we re sectioned with ro tatory mi crotorn e 

(Shatldon. I:inesse 325) at a thi ckness 01' 5 ~lm . The sect ions were arrixed to p reclc~ ;ln ed 

albu111inizcd glass slides . After deparafinizing by , y lene. tbe slides wc re passed th rough 

d ifTeren t grades 0 [" alcoho I (hydration and deh ydration). The sections were then sl<liJled 

by hematoxylene and eosin and mounted wi th Canada balsam (Kalsoom et al .. 2005: 

Ahal11 et al.. 2002). Microscopic exam inati on was carr ied out under N ikon Optiphot 

research mi croscope with ocular mi crometer at different magnifications. 

Microphotography was do ne by mi croscope (Le ica LB) eq uipped with Canon digital 

camera. 

Morphometri c study of the following organs was done; 

Testis: 

Seminil croLls tubule d iameter. its epitheli al height, nuclea r diameter of I,eydi g ce ll. 

Serto li cell , spermatogoni a, primary spermatocyte, secondary spermatocyte CI nd 

sperllltid s. 
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Materials (lnd Methods 

Tub ul ar diameter and epithelia l height o r the three parts (caput, corpus and cauda) 0" 
epididymis. 

Vas dcfc,"cns: 

Vas dererens diameter, muscul ar thickness and epithel ial height. 

IIORMONAL ANALYS1S: 

' lor11lones analys is was carr ied out I'm plasma Testosterone, I'" SI I and ' ,II in 56 da ys old 

Sprague Dawley rats, l-'or the estimati on or Tes tosterone I:/A kit was purchased rrom 

ni ochek, Inc, for FS II , J': I.f SA and for LlI , RI A kits were purchased Crom Bi ocode Hycel. 

E1A 1"0 '" thc quantitativc dctc,"m ination of TcstostcJ"(mc conccntratio n in plasma: 

The principle o '~ assay was based on the co mpetiti ve binding or Testosterone in the test 

samp le with the Tes tostero ne- 11RP conj ugate "or a constant amoun t or rab bit anti ­

·,'es tosterone, 

• Desired number or coated we ll s was secured in the holder. 

- Standard s, specimen and controls ( I 0 ~t1 ) wcre dispensed into the appropria te 

we ll s, 

- Testosterone- II R P conj ugate reagent ( I 00 ~t1 ) was di spensed in to each we ll , 

- Rabbit anti -Tes tos terone reagent (5 0 ~Li ) was dispensed to each we ll. 

• The content o f' the microvvell s was mi xed thoroughl y fo r 30 seconds. 

• The mi erowell pl ate was incubated at 37 DC for 90 minutes. A fi xed amount or 

J J RP-labelled Tes tosterone competes with endogenous Testosterone in the 

standard, sampl e or quality spec ifi c Testosterone antibody during incubat ion, 

Thus the amount o r Tes tosterone pcroxidase conjugate immunological bound to 

the wel l progress ively decreases as the concentrati on or Testosterone in the 

specImen ll1 creases 

• Unbound Testosterone peroxidase conjugate IS then removed by ",,lashing 

mi crowe ll s 5 times with thc di stilled or deioni l'.ed wa ter. 

• TMB reagent ( I 00 ~d ) was di spensed into each we ll and was mixed gentl y 'or 10 

second s, res ulted in blue colour. 
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!9 Thc mlcn , 'cll pl ate was incubatcd at rol) 111 tempcraturc ( 18-25 0(,) ror 20 

minulcs . 

e The react ion was stop ped by add in g I 00 ~d of SLOp .'o luti on to cach wc ll. 

• Thc conlent of' mi crowclls \,VClS mi xed gentl y ["o r 30 second s. It is importa nt to 

make sure that a ll thc blue color changcs to yell ow color comp lctcly. 

• Thc absorbance rcad at 450 11m with a mi crolitcr wel l readcr within 15 minutes. 

CI> The res ults were cxpressed in ng/ml. 

I(Ll SA for the Quan tita tivc Dctc,-mination of FS H in Plasma: 

Thc principa l o r assay is based on the use 01' hi gh a ffin ity ami bod) and spec ificall ) ('0 1' 

lwo di rfercnt epitopcs on rat r S FL. !\ first mouse anti -rl '- Sl I monoclonal antibody bound 

In polysterene wcll will capturc thc rFSIl of sample in thc prcscncc of a sccond 

horscradish peroxidasc conjugated mouse anti -rrSH monoc lona l antibody. Fo ll owing thc 

inc ubation and onc stcp ro rmati on or soli d phasc-rFSll -co nj ugated mo noclonal antibod)/ 

th e chronlogcn/ substra tc is added, whi ch turns I'rom pink to blue proporti onall v In llll: 

rr Sl 1 concentrati on in the sampl e. Additi on n f' stop sol uti on turn s the colOI' to ye ll o\\' . 

Thc intens ity or the ycll ow color is measured using a spectro photomete r with a 450nrn 

lilkr. I'he prot ocol with the kit was I'ol lowed . 

&I l':acll ca li brator (25 ~d ) was di spenscd into tlle appropri ate we ll s. 

c Samples and co ntro ls (25 ~Ll ) 'v\ cre di spensed into appropri atc \o\ cll s 

• Conj ugate (200 ~Ll ) wa ~ added into eac b well. 

• The l11i crowell s plate was incubated 1'01' 180 minutes at room temperature (25 °C) 

without shaking, 

• Tbe plate was aspirated with an automated plate washer. 

• The we ll s were washed 7 times with an aut omated syskl11 sct to 250 ~d per \\ ell . 

• Chro mogen substrate (SU 8 S TMI~) so luti un (200 ~Li ) was cli ~ pen se c.l int u each 

we lL ensuring thal it is initially pa le co lored. 

e Th.:.: l11 icroweUs plate was incubated 1'01' 30 minutcs at controlled roO I11 

temperature (25 0c) 'without shaking. 

• I'he reaction was Slopped by addin g 50 ~tI o f' stop soluti on (SOL N S'IOI») to each 

well. 
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The plate was swirl ed gentl y to mi x co ntents. 

• The absorbance was measured al 45 0 nm on a 96 \Nel l microplate rcader. 

• Resu Its \,vere e, pres cd in ng/m I. 

RlA for' the Quantitative Detenni nation of LII in Plasma: 

The principle of I,ll R 1/\ assay is based on thc co mpetiti ve binding or 1,[1 in rat sampl e 

with 12sT_labe ll ed rat 1,1/ tracer to tbe hi ghly specific rabbit po lye lonal antibod y (/\ b). As 

the concentra ti on of 125I_LH and 1\b arc constant, the advancing state of equation depends 

on the concentrcllion o f rat LH in the sample. After incubation, separati on of bo und from 

free is achi eved by a second antibody (mouse monoc lonal anti rabb it [geJ untibod)) 

co up led to magnetic part icles. The separateci part icles arc co un ted in gam ill a co unter. Til e 

reagents pro vided in kits we re ca librators, rabbit pol yc lonal an tibod y, 12' 1_ labeled ra t I.I! 

tracer. SOR.B Ab Fc magneti c particles and the magneti c plates. The protoco l with the kit 

\-vas fo Il O\,ved. 

(I The tubes for T ("To tal Cou nt"), NSB, calibrators, control and samples we re 

labc led . 

• I'or NSB. 25 ~d o{' ca librator and 1 00 ~d 0 1' di st illed water \\as pipl,tlcd illt \J 

corresponding tubes. 

• Cal ibrator (25 I.d) was dispensed into the corresponding tubes. 

• Sampl e and control (25 ~d each) was dispensed into the corresponding tubes. 

• Anti serulll (Ab Rat 1,11 ) 1 00 ~t1 was added to each tube except NSli and "Total 

Count" tubes. 

• All the tubes \,ve re mi xed \vith a vo rtex mixer. 

• The tubes were incubated for 3 hours at 37 °C. 

• Ral l. H 12SI tracer (100 ~d) was added to each tube. "Total Count" tu bes did not 

participate to the fo ll owing steps. 

• The tubes "vere incubated over night at room temperature. 

• Thc magnetic partic les (SOR I3 Ab i"c) were mi xed with a vo rtex mixer and 200 pi 

was added to each tube excep t "Tota l Count" tubes . 

.. 1\ 11 tubes were mi xed with a vortex mixer and incubated Cor 1 hour at roorn 

temperature without furt her mixing. 



Materi(fls LInd }\IJethod', 

• 1\11 tubcs were arranged on a magnetic plate and the magnetic partic les wc re 

allov\·ed to sediment at the boll)m oJ'the tubes It)] 15 minutes . Then the co n tc ll t ~ 

v" cre decanted o rthc tuhcs by inve rting the mag net ic plate over a \·\ a ~ I C cl) l1tailll:l. 

The li qu id was then all owed to deea nt on an absorbent layer fo r 5 minutes. 

• The rad ioac ti vity precipitated in eaeh tube was counted for at least 60 seconds. 

• Ra t samp le concentrations "vere read [rom the calibrati on curve. 

• Results were expressed in ng/llli. 

I {~STIMATION OF DAILY S PERM PRODUCTION: 

A modified protocol was L1 sed to es timate DSP of each rat as described by Yucra et al 

(::?' 008). Tes tis was \veighed, decapsulated and parenchyma weighed. Testis "vithout 

tuni ca was homoge ni zed for 10 minutes in homogeniJler at 5000 rpm in 25 ml 

ph ys iological sal ine soluti on (O.OY/,;) (vo l/vo l) Triton x - loa and 0.25 Ill g sodium ,v idc) 

To count the spc rll1 atids. eac h 0. 2 ml sample of" homogenate was diluted with (J .8 1111 01' 

sal ine so l uti on containing 1% trypan blue (S igma Chemical Company, St Loui s. US A). 

Trypan bill stains the permatids and faci litates counting. A drop of sample (50 ~Li) was 

placcd on ll anvel cham ber to count the number of homogeniz ation-resistant elongated 

sperlllatids under mi croscope at 40x mag ni fi eation . Average number of sperrnatid s pCI' 

sampl e was determ ined by record ing three readi ngs and obtained the total number uf" 

spermati ds per tes ti s and thi s number was then divided by the testi s wei ght to gi vc 

spc1"llJatid s per gram o[ tes tes. 

h mll u I a : 

Y X 110 x 100 x 50 x 5 x 1000 

(X number of spermatids co unted in l larvel chamber. 10 number of" squares obsel"\ cd 

in one read ing, 100 total number of squares in chamber, 5 dilution ""ith physiolog ical 

sal inc, 50 ~d used for load ing the chamber and 1000' - to chan ge pi into mI) . 

Da il y sperm product ion (I)SP) Y 16.3 

l·Jfic icncy of sperm production (spermatids per gram testes) 

decaps ulated testis. 

I) SPI Weight 01' 



! il the Sprague Daw ley rat, developing spermatids spend ap proximatel y 6.3 day~ in steps 

17- J c) du ring spermatogenesis (Clermont and Harvey., 1995; Amann etal. , 1976) . 

EP IDIDY MAL S PERM CO UNT: 

l ~ i ght epidid ) mes o f" fi ve anima ls \-\ eIT minced by using line ro rc ep~ in 1111 or Mediul1l 

199 (Ca t /I M7528 , Sigma, US/\. ). 1''r0 111 each epididymi s suspcnsion 50 ~tI sample \'V~I S 

used to estim ate the number o f" sperm s using Harwel Cbamber Sperms werc counted 

thrce ti mes in 10 squares ofFIarwe l Chamber. Thl'ee readings for each samp le were 

recorded and th e ave rage of these was take n. Th e ave rage sperm COl1l1t of each rat was 

multiplied by 0.06 (sperm x 106 / 1111 ). These reading were u:-;ed 1.0 re f"e r number of" sperm s 

per epididymi s (Y ucra et aL 200 7). j:resh epid idymal suspcnsion was I-urther processed 

for comet assay. 

ATOMI C ABSORPTION SPECTROPHOTOMETRY: 

Digestion : 

\)cposi ti on u l' arscn i c in testes, epi did 'mes. vas defe rens and blood 0 r cont ro ! :md sod i I ill l 

Msc:nite treatment groups was measured by atomic absorpt ion spectrophotomctry 1'!"Ozcn 

left tes tes. epididymes. vas deferens and blood was dige, ted in 3 ml concentrated I IN ) , 

(Merck, Germ any) using a microwave digestion system (MARS, CLM, USA). The 

maximum temperature se t was 210 °C , and the power was 1200 walls. Samples we re run 

for 10 minutes . Sa mples we re brought to a constant ( 10 ml) vo lume with 7 ml deioni /.ed 

\valer and read at th i s stage r or atom ic absorption spectrophotometry to detcrlll inc arsen ic 

concentrat ion present in testes. epididymes, vas deferens and bl ood. 

Detl~I'm i n ation of metal concentration : 

Digest horn each ti ssue and blood was subjeeted to flame ato mi c absorpt ion 

spectrophoto ll1 eter equipped v,' ith IIydroid Generator (va rian, /\.1\240 l:S. USI\) at wave 

length 193 .7 11m , slit (nm) 0. 5, relati ve intensity 50, rclati ve sensitivity ], and current was 

9 \11 /\ . The results were expressed as ~lg/mg of tissue or )..lg/ml or blond. 



Materials (lnd Methods 

COMET ASSAY: 

Sin gle cd l ge l e lcc trophores is techni que. the comet assay is equall y important for 

ob tai ning reproducible and re li ab le results. In general, best results are obta ined il"sample 

process ing. so lu tion preparati on and usage, equipment utili za ti on and maintenance arc 

c lIld uctcd usi ng the strict qual i ty CO il tro I (QC) cri teri a considered appropri ate ['or 

techniques in molecular biology, The protocol as used by (l la ines et al .. 2(02) \vas 

adap ted with some modifi ca ti ons. the bas ic steps of the assay inc ludecl 

1. Preparati on of mi croscope slides layered with ce ll s in agarose. 

2. I ,ys is o l~ ee lls to liberate DN!\. 

3. I': xposure to alka Li (piT. 13) to obtain sin gle-stranded DNA ancl to express AIS as 

SS B. 

4 . Uec trophoresis under alka line (p i!. ] 3) condit ions. 

5. Neutralii'.atio n of alka li , 

6. DNA staining and comet visualization. 

7. Comet scoring. 

The ent.ire procedure is co nducted under low indirec t incandes T nt li ght (()() \\al :.' ) in 

,rcier to minimize li ght induced DNA da mage to sperm s. 

Sperm collection: 

I': pid idy mal sperm s vvere collected by remov ing the excessive fats and then minced with 

fcm.:cps in Medium 199 I~o r comet assay. The sperms were dilu ted in Pf3S solut io n b) 

tak ing 1 1111 of concentrate in 10 ml of PB S. Diluti ons were made un til we g()t 10.000 

sperms in 20 ~t1. 

Em bedding of spermatozoa in agat'ose gel: 

I'he ult.im ate goal of sli de preparati on is to obla in uni form ge ls sufTi c ienLi y stabl e to 

SLll'\ i\ e lhrough to data co ll ec tion , as we ll as to ensure easil y visllal ii'.cd comet .., wllh 

Illln imal background noise . 
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Slide p,-cparation: 

A number of d iffere nt techniqucs have been used to prepare co met slides. Generall y_ but 

not cxc lusiv Iy. mi ')"os 'op slides are used with each s li de conla ining one or two 

independent ge ls. In the current stud y we used the three- layered procedure. 

}' I s l I ~ or aye .. : 

Prepared I (!() (vv/v) low melting point (LMP) agarose (sigma) 500 mgl50 1111 Ca and Ilg 

!'rcc pns. The solution was hea ted until Il ea l' boiling point approximately 95 0(' and the 

agarose \Vas disso lved. Whi le aga rose was hot. mi croscopi c glass slides (Sail brand 

:25.4 >< 76.2 111m) we re dipped up to half and gently remo ved. Underside 01-each slide was 

wiped to remove agarose and laid tbe slides on the icepacks for quick so lidification of" 

agarose. The sl ides we re dried at room temperature and stored until use. 

For 2nd laye,": 

:20 pi of sperm suspension and 70 ~Li of 0. 5% (w/v) IJMP !\garose we re appli ed on coated 

sli des to make second layer \vith the help of large cover slips (24x50 111m) and all owed to 

set on ice packs for 5 minutes . 
I'{I Fo," 3 laya: 

!'hird layer o f 70 ~Li of same concentrati on of LMP agarose was added to !ill ill any 

]I.:s id ua l hules in tbe ~;ccond la yer and to increase the distance bel\>vec l1 thc ce ll s <tIl d til l' 

gel surface . Coverslips we re placed on sli des and placed on icepacks unl il the agarose 

layer hardens. 

The optimal number of ce ll s (at least for image analysis) should not be more than a few 

per visual field. Iligher cell densities can result in a significant proportion of overl apping 

comets espec iall y at hi gher levels of DNA migration. TIigher agarose concen tration can 

alTcct the ex tent of DNA mi gration as well as the accessibility of the DNA to other 

man ipul ati ons. 

Lysing of cells and decondcnsation of DNA : 

Coverslipswcre removed and the slides were immersed in a jar contain ing freshl y 

prepCll-cc1 co ld lys ing solution containing ingredi ents 2.5 M sod ium chl ori de . 100 1l1 f\/1 

di sodi ul1l ethy lene di arninc tetra ace ti c ac id, J 0 111M Tri s, I (Yo tr iton X- I 00 , 10% I)MSO , 

40 111M dithiothrietol (the purpose of the DMSO in the lysing so luti on is to scavenge 
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rad icals generated by the iron released from hemoglobin when bl ood or anim al ti ssues are 

used. It is not needed fo r other situati ons or where thc slides will bc dipped in lysin g 

soilitioll for bri 'C time only). These ingredients we rc addcd to about 90 ml di still ed watcr 

and the mi xture was stirred propcrl y. Sodiulll hydroxidc pelle ts were added to clissol\ 'c 

mi xturc. pll was adjusted Lo abo ut lO using co ncentratcd Il e l or NaO II. The soluli on \\as 

bro ught L1pto 99 1111 with di stillcd wa ter and 1 (% Triton X- IOO \-vas add ed just pri or to usc. 

The so luti on \,vas refri gerated for 30 minutes prior to slide addition. The lys ing so luti on 

was eh il lcd prio r to usc, primaril y to maintain thc stability of the agarose ge l. Sli des vvelT 

im mersed in co ld lys in g solu tion fo r 3 hours at roo m temperature. Then slick s \\ c IT 

dipped in lysing so lu tion containing protc inasc I( ( 10 pg/ml) and I'or add itional lys is o\er 

nigh t. Thi s removes protamincs that otherwise inlpcdc DN!\ migration through ge l. 

Unw inding of DNA: 

Sl idcs were removed ['rom proti enase K soluti on and wcrc washcd thrice with de ioni zed 

\,vater at 20 minutcs intcrval to rcmo ve salts and detergent. 1\ horil.O nta l gel 

elcc llOpborcsis tank was fill ed \;vith frcsh alkalinc elec trophores is so lu tion ern: ·: bun er ). 

Ingredients of electrop horcs is so lut io n wcre 10 mM Tris, 0.08M boric acid , 0,5 M I ~ J)TJ\. 

These ingredients were di sso lved in 950 ml of disti llcd ater and pH was adjusted to 8.2 

by o:ddi ng Na01T pe ll cts and conccnt ra tcd ITCI. 'r11 c soluti on was hro ll ghtupto 1000 III I 

by adding distill cd watcr. " 'hc sli des wc re placed side to sidc in clectrophoresi s ti:lIlk 

Bubblcs vvc re avoidcd o \'cr thc agarose. The slidcs were Icn in thi s hi gh buller I()J' 3tJ 

minutcs at 4 DC to allow D !\ in the cells to un wind . 

Separation of DNA fragments by c1cctrophoscsis : 

/\ Ikr aLkal i unwind i ng, single strandcd DN!\ in the gel was electrophoresed under 

a I leal ine cond i tions to separate tbe fragmented J)N A. 

Power suppl y was turncd on to 25 vo lts and current was adjusted to 300 m!\ fc)r 20 

Il li nu tes. Tbe power was turned off and slides we re gentl y lifted from the bufr '!'. 

Variab il ity was reduecd by ensuring that codcd repli ca te slides \ovcrc scored r'or each 

sample and that the coded slides were randoml y di stributed in a ge l box in a I'u ll y 

ha lancecl design. 1\ fully balanced des ign mcans that to the ex tent possibl e, each 
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eicct l'llphoresis run should conta in one slide I'rom each SCI III pi , \\ Ithin a ll experilllent 

I ' re ~; h electrophores is burle r \vas used through out the study. 

Neutra lizat ion : 

J\I'ter e lectrophores is the slides 'vve re rinsed with absolute ethano l ror a brief" time and 

thell dried at room te mperature and stored in a slide box. 

Sta ining the sl ides : 

Acr idi ne orange (l eN l3io l11 edi ea is) was used as DN A specific Ouorescent dye in thi s 

experiment. Acrid ine was dissolved in di still ed water at I % (vd v) concentrati on, 500 ~t1 

of' /\ cridine Oran ge solu tion was nooded over the s li des and le rt ('or 5 mi nutes in the 

dark , Ik i'c) re image analys is the slides we re rinsed with double distil led walL' r and C() \'l'1' 

sl ips we re appli ed. 

Comet scoring: 

['he slides 'vve l'c observed under nourescent mi croscope (Leica) at 40X magni fi ca tion and 

photog raphed by cannon dig ita l camera, Comets we re scored in photographs h\ ~I sl n g 

TJUIT.I( 'ofhvare and observa ti ons were made, Random ly SO sperlll nue lei \\ere 

ana ly;.cd per slide and fi ve slides for each sample were eva luated, Ce ll s with intact I) , ' J\ 

and ce lls hav ing comets were co unted. Comet parameters e,g come t length. comet height. 

CO !1' Cl head di ameter. percentage D NA in comet head, comet ta il length . percentage DN ,\ 

in comet ta il , cornet tail movement and olive movement were calc ul ated Ll sing T RI II ·X 

eomet score so fhvare, Ta il length is the di stance 0 r D A 111 igrati on ('ro m the body 0 r the 

nuclear core and it is Ll sed to evaluate the ex tent or DNA damage. Tail moment is defined 

as the product. o f' th e tail length and the f'racti on o f' total D A in the taii. Tai l mOlllellt 

incorpurates a meas ure or both the small est detectable si/.e o r migrati ng J) A (rc ll ee tcd 

in the comet tail length) and tbe number o f' relaxed/broken pieces (represented b the 

intensity of DNA in the tail), 

I lead % DNA (head, Opti ca l intensity / (head, Opti ca l intensity I tail. Opti ca l 

inte nsit.y)) x ! 00, 

Tail (Yc) DN /\ 100 head o;() DNA, 



Materials and Methods 

Photograph with diagrammatic explanation of different comet measurements 
including comet length, comet height, comet head diameter, comet tail length and 
olive tail moment used in this study. 
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STATISTIC AL ANALYSiS : 

l ~ es ul1 s or th' , p rimcnt we re ex pressed as Mean I SI·:M. The dilTerence between the 

mean va lues or all the ex perimental groups vvas eva luated by Tukey"s tes t. As there ",,·ere 

mark ed dose dependent variations between contro l and sodium arse nite treated (SOppm . 

IOOppm and 200ppm) groups so tbe res ul ts we re analYL.ed using linea r reg ress ion lli' 

va riance. I'he value ror p<O.05 was co nsidered signi (i ca nL. Acco rdin gly "I stati stica l 

so rtwarc Graph pad prism version 5 was used. 

" ) ' °1 ._ 



Reproductive toxicity (~lsodium arsenite in Sprague Dawley male rat 

RESULTS 
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RESULTS 

(;FNERAL OBSERVAT IONS: 

l'reRtlllent of' sodium arsenite (50ppm, IOOpplll and 200ppm) for 2g days to young male 

Sprague dawley rats during the growing age caused a dose dependent decrease in f'eed 

eons ulT1pLi on. \Nater uptake and body weight. After n days (at the age of 56 days). rats 

trea ted "vith 200ppm sodium arsenite showed tJl e hi ghest decrease in fe ed consumpti on. 

water uptake , body we ight and movement compared to contro l and lov,l dose (50ppm and 

I 00pp111) treated groups. The treated rats were weak and anemic. There was no body fat s 

in 200ppm sodium arsenite treatment group. 

BOD Y WEICHT: 

Wceldy body weight: 

Mean weekly bod y we ight of control and treated groups (50ppm. 100ppm and 200ppl11 ) 

is shown in Fig. 2. 

Treatment of' sod ium arsenite was initi ated at 41h \-veek (2g days) of' age. There \vas no 

signi [i eant (P>0.05) di ff'erenee in mean body we ight of' rats in different treatnlent groups 

at the start of' experiment. 

/\t 51h week (35 days) of age mean body weight of 50ppm group decreased nOI1-

sign ificantl y (P>0.05) compared to controls. Body weight of rats treated with IOOppm 

and 200ppm sodium arsenite showed highl y significant (P<O.OOI) reduction compared to 

co ntro ls. There was signi fi cant (P<0.05) red uction in body we ight of35 days old IOOppm 

sod ium arsenite treated rats comparecl to 50ppm trea tment group. Rats treat ed \\ itb 

200ppm shovved significant (P<0.05) reduction compared to 100ppm and hi ghl) 

signi licant (P<O.OO 1) reduction in mean body weight compared 50ppm treated ra ts. 

I\t 6lh week (42 days) of age mean body wei ght of' sodium arsenite treated (5 0pl11 . 

IOOpplTl and 200ppm) rats sho'vved hi ghly significant (P<O.OO I) reduction compared to 

cnntro ls. The com par ison of' the three soci ium arsenite treatment (50ppm V::. IOOPI1 111 , 

50pprn Vs 200ppm and IOOpplll Vs 200ppm) al so showed hi ghl y significant ([1 <0.00 I) 
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F ig. 2. Mean body weight of control and treated (50ppm, lOOppm and 200ppm) 
groups at the start of expcrimcnt (28 days of age), 35 days, 42 days, 49 days and 56 
days of age. 

a=eontro l VS trcatcd grou ps, b=50ppm VS IOOppm and 200ppm, e= l()Oppm VS 
200ppm. P<().05·;' , P <O.()O 1 ,',,';-I, 
Va lues=SEM 
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Fig. 3, Rcgression line showing a sign ificant dose dependent decl'case in mcan body 
weight of rats at 56 days age against increascd doses of sodium arsenite. 
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Results 

di ITerence in body "ve ight. The dec rease in mean body weight or 6 weeks old rats was 

highest in 200ppm trea tment group. 

M til week (49 days 0'· aoe) th or was highly signilicant decrease in body we ight 

(P<O.OO l ) in SOppm. l OOppm and 200ppm treatment groups co mpared to the control s. 

Se en 'Necks old rats treated with IOOppm also showed ve ry hi gh signi ficant (P<O.OO I) 

decrease in mean bod y weight co mpared to SO ppm. The reduction in mean body \\ei ght 

o f" 200ppm treatment group was hi ghl y signifi cant (P<O.OO I) compared to 50pPill and 

1 OOppm groups. 

Mean body we ight of· 8 weeks old SOppm, lOOppm and 200ppnl sodium arsenite treated 

rats showed hi ghly signifi ca nt (P<O.OO I) reduction compared to the control. There was 

also ve ry highly significant (P<O.OOl ) dose dependent body \",e ight reducti on in between 

all the three sodium arseni te treated (SOPPl11 , IOOppm and 200ppm ) groups at gill \,\ eek 

(SG days) or age. 

It vvas also observed that in control , SOppm and 100ppm trea tment gro ups there was 

gradual increase in tile body weight compared to their initi al weight (at 28 days). 

lIovvever, in 200ppm treatment group a signi ficant dec rease in body we ight co mpared to 

the Initi al body weight was observed. 

Mean body weight: 

Regression analysis or vari ance sho\,ved (F ig. 3) a dose dependent hi ghl y signi ficant 

dec rease in mean body weight of S6 days old male Sprague dawley rats against SOPPITl. 

1 OO ppm and 200ppm sodium arsenite treatment (b'- -SS.29 1 3.83S ; 1-'( 1 2) 207 .8; P 0.004). 

TESTES: 

Mean testicul ar weight, length and vvidth of control and sodium arsenite trea ted (50pplll . 

100ppm and 200ppm) groups is sho wn in Tab le I. 

The mean tes ti cul ar weight o r rats treated with SOP Pl11 sod ium arsenite showed a 

signifi cant (P<O.OS) decrease compared to the controls. hl rther hi ghl y signi ficant 

decrease in testicul ar \",eight was observed in 100ppm (P<O.OJ) and 200ppl11 (P<O.OO l ) 

treatment groups compared controls. The decrease in meaD tes ti cular \ve ight was more 
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Nesull .\ 

Tab le. 1.I<:ffect of VlIl" ious doses of sodium al"senite f(lI" 28 days dunltion on the 

test icular weight, length and width of male Sprague dawley nIts at 56 days age. 

Tcstcs 

G,"OUPS Wcight (mg) Lcngth (mm) Width (mm) 

C ontrol 1071.54 .1 0.03 17. 13 cl 0. 27 10.00 1 O.Og 

: Oppm 930.g 3 1 0.02"* 16.70 L O. 12 9.76 I. 0. 15 

100ppm g99. 161 0.02"** 16.3 1 1 0. 17 9. 5 1 1 0. 11 

200ppm 726.3 0 1 0.04"b"**c"* 14.50 1 0.3 I abc** g.39 [ 0. 22 ahc :' · '·' 

.F C ontrol VS trcatcd groups, h= SOpp VS 100ppm and 20()ppm , c= 100ppm 

VS 200ppm 

P<O.OS", P<O.O 1 *"']><0.001 ,"'''', 

Valucs±SEM 



Table. 2. Effect of various doses of sodium arsenite for 28 days on weight and length of epididymes and 
vas deferens of male Sprague dawley rats at 56 days age. 

Groups Epididymes Vas deference 

Weight(mg) Length (mm) Weight (mg) Length (mm) 

Control 

50ppm 

100ppm 

219.35 ± 0.009 37.90 ± 0.602 65.68 ± 0.002 33 .76 ± 0.667 

. 164.34 ± 0.004a *** 33.07 ± 0.330a*** 50.78 ± O.002a*** 30.85 ± 0.648 a
** 

150.39 ± 0.003 a
*** 31.35 ± 0.482a

*** 44.88 ± 0.002a*** 

200ppm 113.49 ± 0.007ab***c** 28.58 ± 0.547ab***c** 29.88 ± O.003 abc*** 

a= Control VS treated groups, b= 50pp VS lOOppm and 200ppm, c= lOOppmVS 200ppm 
P<O.Ol**, P<O.OOl*** 
Values±SEM 

29.60 ± 0.314 a*** 

24.80 ± 0.597abc
*** 

0-
'<:l" 
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Table. 3. Effect of various doses of sodium arsenite for 28 days duration on testicular seminiferous tubule 
diameter, epithelial height, nuclear diameter of Leydig cell and Sertoli cell of male Sprague dawley rats. 

Nuclear diameter (",m) 
Groups Tubule Diameter (f.1m) Epithelial height (",m) Leydig cell Sertoli cell 

Control 180.92 ± 0.42 5l.64 ± l.17 6.34 ± 0.03 7.53 ± 0.02 

50ppm 165.70 ± 0.28a*** 45.95 ± 0.74a*** 5.72 ± 0.03 a*** 6.80 ± 0.03 a*** 

lOOppm 139.14 ± 0.27ab*** 38 .86 ± 0. 53ab*** 4.86 ± 0.02ab*** 6.10 ± 0.02ab*** 

200ppm 116.48 ± 0:29a bc*** 33.80 ± 0.67a bc*** 3.51 ± 0.04abc*** 4.03 ± 0.07abc*** 

a= Control VS treated groups, b= 50pp VS lOOppm and 200ppm, c= lOOppmVS 200ppm 
P<O.OOl *** 
Values±SEM 
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Table. 4. Effect of various doses of sodium arsenite for 28 days on testicular spermatogonia, primary 00 

'" 
----------:spermatoc-Y-te,-secondary---Sp-cDIlato_cy.1.e...aruLsp_ermatiUiameJeLOfJl1al.e~p.rag.ruulawl~)': rats at 56 daYlig~e.,----_______ _ 

Groups Spermat~_gonia(lllD) Pr.Spermatocyte (f.lm) Sec.Spermatocyte (11m) 

Control 5.72 ± 0.037 8.44 ± 0.025 5.99 ± 0.034 

50ppm 5.43 ± 0.0283 ;'** 7.85 ± 0.02a*** 5.30 ± 0.03 a*** 

lOOppm 4.7 1 ± 0.02ab*** 6.52 ± 0.03 ab*** 4.62 ± 0.03 ab*** 

200ppm 3.33 ± 0.03 abc*** 4.90 ± 0.04abc*** 3.31 ± 0.02abc*** 

a= Control VS treated groups, b= 50pp VS lOOppm and 200ppm, c= lOOppmVS 200ppm 
P<O.OOI *** 
Values±SEM 

Spermatid (11m) 

2.13 ± 0.02 

1.86 ± O.02a*** 

1.72 ± O.02ab*** 

1.34 ± 0.02abc*** 
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Resu/ls 

II ighl y Signi fieant (P<O.OO I) red uction in mean nuclear diametcr of" secondary 

sperma tocytes of 50ppm. IOOppm and 200ppm treatment groups "vas noticed compa red 

to contro ls. Co mpari 'on of all the three sodium arsenite treated (50ppm Vs IOOppm. 

50ppm Vs 200ppm and 100ppm Vs 200ppm) groups also showed vcry hi ghl y signi ficant 

(P<O.OO 1) dose dependent decrease in mean nuclear secondary spermatocyte diametcr. 

The regress ion analysis of varianee showed (fig. ge) significant decrease in mean 

secondary sperm atocyte nuclear di ameter of rats (b- -0.87-1 0.11 ; F ( I 2) 65.22: P 0.0 I) 

against increased doses of sodium arsenite. 

Mean spermat id diameter in 50ppm, 100ppm and 200ppm trea tment gro ups dec reased 

highly signifi cantl y (P<O.OOl ) compared to controls. R.ats treated with 100ppm showed 

very highl y signifieant (P<O.OO] ) decrease in mean spermatid diameter compared to 

50ppm treatment group. Further hi ghl y signifi cant (P<O.OOl ) decrease in mean spermatid 

diameter was noti ced in 200ppm trea tment compared to 50ppm and 100ppm treatment 

gro ups. The regress ion analys is of variance showed (fi g. 9d) signi fi cant decrease in mean 

spermati d d iameter in 56 days old Sprague dawley rats (bo -0.25..L0.03; I: ( I 21 63. 83: 

P 0.( 1) agai nst increased doses of sodium arsenite. 

EPIDII)VMES: 

lIean epid idy mal caput. co rpus and ca uda tu bul e di ameter and its epithelial height of 

contro ls and treatment (50ppm, I OOPPIll and 200ppm) groups is given in Tables. 5. 

CAPUT : 

Tbe highest mean caput tubular di ameter and its epithelial height was noticed in contro ls. 

There was hi ghly signi ficant (P<O.OO I) dec rease in mean tubu lar di ,lITlcter and its 

ep ithelial he ight in 50ppm, 100ppm and 200ppm treatment gruups co mpared to contr ) Is. 

Compari son of the three treatment groups also showed dose dependent signifi cant 

(P<O.OO 1) decrease in mean tubular diameter and its epithelial height. The regression 

analysis of varianee showed significant dose dependent decrease in mean epididymal 

caput (fig. l Ou) tubul ar diameter (b - 15.92·1 1.4 17; 1: ( I 2 ) 126.4: P -0. 0( 7) and ils 
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Table. 5. Effect of various doses of sodium arsenite for 28 days duration on tubular diameter and epithelial height of epididymal 
caput, corpus and cauda in growing age (28-56 days) male rats. 

Tubular diameter of epididymal (11m) Epithelial height (11m) 
Groups CaEut CorEus Cauda Caput CorE us Cauda 

Control 191.79 ± 0.46 237.36 ± 0.51 285.87 ± 0.66 31.49 ± 0.l 2 25.11 ± 0.l6 23.86 ± 0.17 

50ppm 172.71 ± 0.51 n••• 176.95 ± 0.55""· 242.67 ± 0.43"" · 26.30 ± 0.12" " 21.00 ± 0.16"'" 21.56 ± 0.1 7"·' 

lOOppm 155.08 ± 0.73 ab••• 154.01 ± 0.46nb"· 221.62 ± 0.49'b··.· 22.82 ± 0.09"b·· · 19.70 ± O.14nb••• 17.60 ± 0.19"b··· 

200PEm 144.59 ± 0.61 abc"· 135.37 ± 0.38 ·bc" · 172.78 ± 0.68abc·" 15.82 ± 0.12abc·" 18.30 ± O.l abc·" 15.01 ± O.l l abc••• 

a= Control VS treated groups, b= 50pp VS lOOppm and 200ppm, 
c= lOOppmVS 200ppm 

P<O.OOI *** 
Values±SEM 
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epithe li al he ight ( Iig. lOb) hei ght (b -5 .051 0.47; F ( 1. 2) 116.6; P 0,008) with the 

increase in the dose or sodium arsenite. 

CORPUS: 

There was hi ghl y signi fi cant (P<O.OO J) decrease in mcan corpus tubu lar di amcter and its 

ep ithelial he ight ill 50ppm, 100ppm and 200ppm sodium arsenite treatment groups 

compared to control s. Rats treatcd with 100ppm sodium arsenite sho wed very hi ghl y 

significan t (P<O.OOI ) dccrease in mean corpus tubul ar diameter and its epitheli al height 

cOlllp{l red to 50ppm group . The hi ghest decrease in mean co rpus tubul ar diameter and 

epithel ial he ight was noticed in 200PPl11 treatment group compared to the other two 

trcat mcnt (50ppm and lOOppm) groups. The regression ana lysis of variance showcd 

signi fi cant deerease in mean corpus (fi g. 10c) tubul ar diameter (b- -32 .89::1-7.009; l-' (1. :!) 

2:::. 02: P 0.(42) and its epitheli al height ( fi g. IOd) hcight (b -2 .17 1 O.4iLF ( 1.21 20.90 : 

P 0.(4) aga inst increased doses o l'sodiulll arsenite. 

CAUDA: 

The highes t lTlean tubu lar di ameter and epitheli al heigllt was seen in controls. Vcr hi ghl y 

signifIcant (P<O.OO l ) reduction in mean cauda tubular diameter and its epithelial height 

was noticed in 50ppm, IOOpplll and 200ppm treatment groups compared to co ntro l gro up. 

Medium ( I OOppm) dose treatment caused ve ry hi ghl y signi ficant (P<O.OO I) dec rease in 

mean tubular diameter and epithelial height of cauda compared to 50pprn sod iun ) arsenite 

treatment. Hi gh dose (200ppm) treatment exhibited the highest reduction (P<O.OOl ) in 

mean tubu lar diameter and epithelial height or eauda compared to 50ppm and 100ppm 

sodium arsenite treatment groups. The regress ion analys is o r va riance sho wed signi licant 

decrease in mean tubu lar diameter (fig. 10e) and epitheli al height (fig. 1( 1) or caucla (h -

36.03 13.642: \: ( 1. 2 ) 97. 87; P- 0.(1) (b -3.05 /0.2 19; F ( 1. 2) 193. 9: P O.OUS) 

respectively wi th increase in the dose of sodium arseni te. 
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VA S DEFERE NS: 

Mean di ameter o f' vas de fe rens. its muscul ar thi ckness and epitheli al height in control s 

and tr 'a ted (SOpplll , 100PPlll and OOppm) lfOUpS is li ven in Tabl . 6. 

Mean vas defe rens diameter, its muscular thickness and ep ithelial height decreased hi ghl) 

signifi cantl y (P<O.OO 1) in SOppm, 100ppm and 200ppm sodi um arsenite treated groups 

co mpared to controls. Signifi cant (P,<O.OO I) decrease in mean vas dc(erens di ameter, its 

lllLl ~e u l ar thi ckness and epitheli al height was noti ced in compari sons SOppm Vs 100ppm . 

SOpprn Vs 200ppm and IOOp pm Vs 200ppm treatmcnt group. 

The regression analys is shovved non-s ignifi cant dose dependent decrease In mean vas 

defe rens diameter (fig. II a) , its muscu lar thickness (fig. 11 b) and epithelial height (fi g. 

l Ie) in treated rats (b- -2S0A-160 .8S; F ( 1. 2) - 16.94 ; P -0.05). (b- - 107.6·133A: F (12 1 

10.35; P -0.08) and (b -4. 18+ 1.08 5; F ( I . 2) 14.87 ; P 0.06) respective ly against 

increased doses of sodium arseni te. 

HORMONE ANALYSIS: 

Mean plasma testosterone, FSH and LH concentration o r control and treated (S Oppm. 

I ()()PP I11 and 200ppm ) groups is given in Tab le. 7. 

TESTOSTERONE : 

Rats treated with 50ppm, 100ppm and 200ppm sodium arsenite showed very hi ghl y 

signif icant (P<O.OOl) decrease in mean plasma testosterone concentration compared to 

controls. Mcdium ( lOOppm) dose treatment caused non-significant (P>0.05) diffe rencc in 

mean plasma tes tosterone conccntration of rats compared to 50ppm trea tment group. Rats 

treated with 200ppm sodium arsenitc showed significant (P<0.05) decrease in plasma 

testosterone concentrati on compared to rats treated with 50ppm sodi um arseni te. Iligh 

dose (200ppm) trea tment decreased plasma testosterone concentrat ion non-s ignifi cant ly 

(P>O.05) compared to 100ppm trea tment group. The regress ion ana lysis showed (Ji g. 

I_a) signi fica nt decrease in plasma testosterone concentration with increase in dos' or 

sodium arsenite (b -107.0 118. 39: F ( 1 2 ) 33.86; P n.03). 



Nesulls 

Table. 6. Effect of sodium arsenite on vas defcr"cns diamctcr, muscular thickness 
and cpithcl ial hcight of rat at 56 days of agc. 

Groups VAS DEFE1U~NS C/..lm) 

Diamcter (whole) Muscular thickness Ep ithelial height 

Control 1634.00 1.50 53 2.69 0.82 46.37 1 0.27 

50ppm 1439.38 455.18 1- 0.78>1 44.03 L 0.27 >1 

tOOppm 1339.6 1 1.20ab"** 430.89 0.48>1b"*" 41.76 1 0.28al "" ·:'* 

200ppm 832.50 1.05abt *"" 182. 19 0.4 2 a bt ""'"'' 33. 18 0.33"l1r*"" 

a= C ontrol YS tr"catcd groups, b= 50pp VS 100ppm and 200ppm , 

c= 1 O()ppm YS 2()Oppm 
P<().O() 1 ~:1:1: 

Y"lIul's±SEM 
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Resul/s 

FOLLICLE STIMULATING lIO l~MONE (FSlI ): 

Sodi um arsenite treatment (50ppm , 100ppm and 200ppm ) ca used ve ry hi ghl y signilicClIll 

(p <-O.OO I) decrease in mean plasma I:S II concent ration compared to the cont l'lll and this 

reduction was hi ghest in 200ppm gro up. Rats trea ted \,vith 100ppm sodium arsen itc 

showed reducti on in mean pl asma FSJI concentrati on compared to 50ppm trea tn1ent 

gro up but this reduction was non-significant (P>0.05). High dose (200ppl11) treatment 

caused very hi ghl y signifi cant (P<O.OOl ) decrease compared to 50ppm treatm ent group 

and hi ghly signi fi cant (P<O.O I) decrease in mea n pl asma FSII concentrati on or rats 

compared to 100ppm trea tment group. The regress ion analys is showed (fig. 12b) dosc 

depe ndent decrease in mean pl asma FSlI concentrati on (b -3.73 10.83; F (1 . 2) 20.26: 

P 0.(4) aga inst increased doses of sodium arsenite. 

LUTEINIZING IIORMONE (LII): 

Mean plasma U I concentrati on of rats trea ted with 50ppm and! OOppm sodium arseni te 

ex hibited significa nt (P<0.05) red ucti on whil e 200ppm group showed very hi ghl y 

signi ficant reduct ion (P<O.OO 1) in mean plasma U-I concen tration compa red to cOllLrol s 

Co mpari sons o r treated (50ppm VS 100ppm, 50ppl11 VS 200ppm and 100ppm VS 

~~ OOppm) groups showed no n-signi fica nt (P>0.05) difference in mean plasma 1,11 

concentration in ra ts. '[he regression anal ys is o r vari ance showed (fig. 12c) signi ficanl 

decrease in plasma Luteiniz ing hormone concentrati on against increased doses or soc.ii ul11 

arse ni te (b -0.05 10.01 2; I: ( 1 2) 18.77 ; p. 0.04). 

DAILY SPERM PRODUCTION, ITS EFFICIENCY AND I~:P IDIDYMAL SPERM 

COUNT: 

Da il y sperm production, its effi ciency and epidid ymal sperm count of control and treated 

(5 0ppm. I OOppm and 200ppm) groups is given in Table 8. 

DAILY SPERM PRODUCTION : 

Sodi ul11 arsenite treatment (5 0ppm, 100ppm and 200ppm) ca used very highly signi ficant 

(1)<0.00 I) decrease in mean DSP of rats compared to controls. Both 100ppm ancl 200ppm 

trea tment groups showed highly signifi cant (P<O.OOl ) decrease in mean DSP of"rats 
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Table. 7. 1': fTect of sodium arsenite on se,"um testostero ne, folli cle stim ulat ing 
honn on e (FSIl) and L uteiniz ing hormone (Lll) of rat at 56 days 
age. 

G roups TcstostCJ"one (ng/ml) FSII (n g/ml) Ll1 (n g/ml) 

C ontro l 3.58 0. 3 1 15.58 0.29 0.4 1 

SOppm 1.85 O.32a*id' 8.36 0.57a";'* 0.37 

100ppm 1.32 O. 16a';;'* 6.69 0.42a*;';' 0.34 

200pprn 0.67 O. 12a*·H' b* 3.72 0.4 5 a bid,. c"';' 0. 24 

a= Contl"Ol VS treated gn>ups, b= 50pp VS lOOppm an d 200ppm, 

c= 1 OOppm VS 200ppm 

P<O.05*, P<().Ol """, P<() .()Ol ;:H 

Va lues±SEM 

O. II 

O.O l a* 

O.06a" 

n.o I a';;;;' 
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Fig. 12. Regression line showing a significant decrease in plasma (a) testosterone, (h) 
follicle stimu lating hormone (FSIl), (c) leutinizing hormone (LlI) concentration in 
rats at 56 days age against increased doses of sodium arsenite. 



Results 

compared to 50ppm trea tm ent group. Mean DSP in 200ppm treatment g roup decreased 

no n-s ignifi cantl y ( P>O.05) compared to IOOppm treatment group. The regress ion ana lys is 

of" vari ance s ho wed (fig. 13a) dose depend ent dec rease in mea n I)S P of" rats (b -

277800 125770; F ( 1.2 ) 11 6 .1: P 0.008) agains t increased doses of sodium arsenite. 

IWFICIENCY OF DSJ>: 

I ,ow dose (50 ppm) trea tm ent ca used reduction in e Di ciency o {" I)SP compared to co ntro ls 

but thi s redu cti on was non-s igni ficant (P>0.05) . Rats treated w ith 100ppm an d lOOppm 

sod iulll arsenite showed very hi ghl y s igni fi cant (P<O.OO I) decrease in e ffi c iency of' I)SP 

compared to control s and 50ppm treatment group. 'fhe reduction in efIicienc y 01' DSP 

ca used by 200ppm sodium arsenite trea tment was non-s ignificant (P>0.05) compared to 

IOO ppm treatment. The regression anal ysis or var iance showed (fig . l3b) signifi cant 

decrease in DS? effici ency of the sodium arsenite treated rats (b - 1.92 10 .27 : I: ( I . 2) 

48.99: P 0 .01 ) against increased doses of sodium arsenite . 

I~:PIDIDYMAL SPERM COUNT: 

Mean epididy mal sperm co un t in 50ppm treatment gro up dec reased hi ghly s igni licantl y 

( J> <O.OI ). while in 100ppm and 200 ppl11 trea tment gro ups decreased ve r:- highl y 

signifIca ntl y (P<O.OO I) compared to control s. Rats trea ted \,vith 100ppm sodi um ~l r sen i te 

showed s ig ni licant (P<O.05) decrease in mean e pididymal spe rm co unt compared to 

50ppm treatm ent group. Mean epididymal sperm count in 200ppm trcatment group 

decreased very highly signiJicant ly (P<O.OOI) compared to 50ppm and 100ppm treatment 

groups. The regression anal ys is of variance sho wed (fi g. 13c) significant decrease in 

epid idymal sperm count against increased doses of sodium arsenite (b -4 .94 10 .60 I: j.' ( I. 

2) 67 .56; P O.O l ) in sodium arsenite treated rats. 

ARSENIC D£POSIT ION : 

Mea n depos ition of arsenic in tes tes, epididymes . vas deferens and blood o f' co ntro l ane! 

sod ium arseni te trea ted (5 0ppm , 100ppm and 200ppm) groups is g iven in Tabl e 9. 
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Table. S. I~ffect of sodium arsen ite on daily sperm production (OS]», its efficiency 
(DSP/g) and epididyma l sperm count. 

DSP of single testis DSP/g Testis Epididyma l spc,"m 

Groups count (lO(,/ml) 

Control 13. 14 0.47 12.03 0.44 28.87 1.01 

SOppm 9.92 0.5 1:1 *"* 10. 50 0. 57 24. 87 0.64:1 "'" 

100ppm 6.69 0.47:1h*';;' 7.5 1 0. 51 ab '''';' 21.07 0.90" ***h* 

200ppm 4.96 0.44a /) '·""'· 6.64 0. S6ab*** 13. 67 0.7 1 abc "*" 

a= Control VS treated g Oups, b= SOpp VS 100ppm and 2()Oppm, c= 10()ppm 

VS 2()Oppm 

P<O.OS':', P« )'O 1 H ,P<O.()O 1 ';"H, 

Vallles±SI~M 
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Results 

F ig. 13. Regression line showing a significant deCl"ease in mean (a) testicular dai ly 
sperm pnH.luction C])SP), (b) cfliciency of DSP a nd (e) epididymal sperm count in 
ra ts at 56 days age against increased doses of sodium ar-senite. 
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Tli~STES: 

Ili ghly signi fican t lllcrcase mean testicu lar arseni c deposition \,vas observed in 50ppm 

(p<o.o I) . 100ppm (P<O.OO I) and 200ppm (P<O.O I) sodium arsen ite treated groups 

compared to contro ls. Sod iulll arsenite treatment of 100ppm ca used signi ficant (P<O.OS) 

increase in testicu lar arse ni c depositi on compared to SOppm treatment group. Il igh dose 

(200ppm ) treated group ex hibited hi ghl y signi fi cant (P<O.OO I) increase in mean testicular 

depos iti on or arseni c compared to 50ppm and 100ppm treatment gro ups. The regression 

ana lys is ofvari ancc showed (fig. 14a) dose dependent increase in mean testicular arse ni c 

dc.:position (b 0.009 -' 0 .00] ; r ( 1.2) 81.96 ; P 0.0]) aga inst increased doses of sodiulll 

arsen i tc. 

EPIDIDYMES : 

Treatment or 50ppm sodiulll arsenite caused significant (P<O.OS) increasc \\ hil e IOOppm 

and 200pPl11 causcd very hi ghl y signi ficant (P<O.OO I) increase in mcan depositi on 01· 

arsen ic in epididymes compared to the control group. Treatmcnt of 100ppm sodi um 

arscnite caused non-significant (P>O.OS) increase in mean epididymal arsenic deposition 

compared to 50ppm treatment groLip. 1 fi gh dose (200ppm) treatment caused very hi ghl) 

Significant (1) <0.001 ) increase in 111ean cpididymal arsen ic deposition compa red to SOppm 

and IOOppm sod iulll arsenite treatment gro ups. The regress ion analysis 01" va ri ancc 

sho wed (fig. 14b) signi fi.can t increase in ep ididymal arsenic deposition in trea ted rats 

(b 0.076 I 0.009 ; F ( I. 2) 66.27; P- O.Ol) against increased doses of sodium arsenite . 

Rat s treatcd \\ ith SOppm sodium arseni te showcd l1on -s igni licanl (P<O.05) incrcasc. 

while 100ppm treatment group showed signi li cal1l (P<O.OS) and 200ppl11 treatment group 

showed very hi ghly significant (P<O.OO 1) increase in mean arsenic deposition in vas 

dderens compared to the control. The hi ghest increase was observed in 200ppm 

treatment gro up. Rats treated with 100ppm sodium arsenite ex hibited non-signifi cant 

(P>O.OS) increase in mcan arscnic depos iti oll in vas delcrens compared to the rats tre ll ed 

with 50ppm sodiulTl. arsenite. Rats trea ted with 200ppm sodium arsen ite shovvcd \l'l" )" 

highly signi fieant (P<O.OO J) increase in mean depos ition of arsenic in vas deferens 



Table. 9. Deposition of arsenic in testes, epididymes, vas deferens and blood of 56 days old Sprague dawley rats, 
measured by atomic absorption spectrophotometry. 

Groups Testes (~g/mg) Epididymes (~g/mg) Vas deferens (f.1g/mg) Blood (~g/ml) 

Control 0.0180 ± 0.0009 0.1308 ± 0.0127 0.4006 ± 0.0432 . 94.48 ± 2.577 

SOppm 0.0255 ± 0.0012a** 0.2089 ± 0.0 133a* 0.7559 ± 0.0330 145.58 ± 2.633a*** 

lOOppm 0.0319 ± 0.0013a***b* 0.2536 ± 0.0146 0.9825 ± 0.0541 a* 246.16 ± 4.531 ab*** 

200ppm 0.0433 ± 0.0016abc*** 0.3681 ± 0.0206abc*** 1.7101 ± 0.2675ab***c**289.20 ± 3.390abc*** 

a= Control VS treated groups, b= 50pp VS lOOppm and 200ppm, c= lOOppmVS 200ppm 
P<O.05*, P<O.Ol * * ,P<O.OOI * * * 
Values±SEM 
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Fig. 14. Regress ion line showi ng significant increased arsenic deposition in (a) testes, 
(b) epididymes, (c) vas deferens and (d) blood in rats at 56 days age against 
increased doses of sodium arsen ite (treatment for 28 days dunltion). 
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compared to SOppm trea tment group wh ile thi s increase was hi ghl y significant (P<O.O I) 

compared to IOOppm treatment group. The regress ion analys is o f va ri ance showed (Ji g. 

14c) highl y signi ficant increase in mcan deposition o r arscni c in vas defercns again st 

increased doses of sod ium arsen ite (b 0.42 I 0.0 74; ]-' (1 . 2) 3 1.69: P 0.(3) . 

BLOOD: 

Rats treated with SOppm, 100ppm and 200ppm sodium arsenite showed very highl y 

signi licant (P<O.OO I) increase in mcan blood arsen ic depositi on compared to the control. 

Comparisons of the treated gro ups (SOppm Vs 100ppm. SOppm Vs 200ppm and IO Oppm 

Vs 200pp) also sbowcd very hi ghl y significant (P<O.OO I) increase in mean deposit ion or' 
arsenic in blood . The regression analys is of variance showed (fig. 14d) signi ficant dose 

dependent increase in mean deposition of arsenic in blood (b- 64. 53 I S.02~ I: ( I 2) 

16 S.4~ P 0.006) of treated rats aga in st increased doses of sodium arsenite. 

I'~STIMATION OF EPIDIDYMAL SPERM DNA J)AMAGI~~ BY COMET ASSAY: 

Spcrm nuclei with in tact DNA: 

Mean number o r 'pid idYlllal sperm nuclei with intact DNI\ in co ntro l and treated 

(SOPP Il1 . IOOppm and 200ppm ) gro ups is shown in Table 10. Sodiulll arsenite treatment 

(S OpPl11 , IOOppm and 200ppm) ca used very hi ghly signifi cant (P<O.OO I) decr ase ill 

mean number of epididymal sperm nuclei with intact DNI\ compared to the control, 

indica ting damage to the sperm DNA with the increased doses of sodiulll arsenit e. 

Treatment of IOOpm and 200ppm sodium arsenite resulted in ve ry hi ghl y significant 

(P<O.OO I) decrease in number of sperm nuclei with intact I)NI\ compared to 50pplll 

treatment group. High dose (200ppm) treatment caused very hi ghl y signi ficant (P<O.OO I ) 

decrease in mean number of sperm nucl ei with intact D 1\ co mpared to J OOppm 

treatment group . The regress ion analysis of variance showed ( fi g. ISa) signi Cicanl 

decrease in mean number of the sperm nuclei with intact D 1\ in treated rats \;-'/ith the 

increase in close of soC\iu1l1 arsenite (b 2 1. 90 I 4.63: J: ( 1 2) 22 .37 : P 0.(4). 



Ta ble. 10. Effcct of sodium arscnitc on numbcr of cpididymal 

spcr'm nuclci ha ving intact DNA and com cts in 56 days old 
S p ragu c dawlcy n its. 

E pididymal spcrm nuclci 

G r"oups Intact DNA numbcr" C omet numbcr" 

C ontrol 179.0 J 0.75 2 1.0 0. 75 

50ppm 170.7 0.98:1 29.3 0.98');,,"'* 

lOO ppm 150.3 1.07:1b""" 49 .7 I.or"·'''' 

200ppm 112. 8 1.62:1 bc*** 87.2 1.62:1be*** 

a= C ontr ol VS trcatcd groups, b= SOp p VS 100ppm 

and 200pp m, c= 10()ppmVS 200ppm 
P<0.05"', P<O'()] .;,.;; ,]><0.001 -)";;-)' 

Valucs±S I~: M 

i? C!s u//s 
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Fig. 15. Regression line showing a significant (a) decrease in epididymal sperm 
nuclei with intact DNA and (b) increase in comet number in rat at 56 days age 
against in Cl"eased doses of sodium at-senite. 
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Comet number: 

Mean number or comets or contro l and trea ted (5 0ppm, 100ppm and 200ppm ) groups is 

shown in Tab le 10. Mcan comet numb r in T'as 'd cr highl y signi fi cantl y ([1 <0.00 I) in 

50ppm , 1 OOppm and 200ppm treatment groups co mparcd to controls. Thc compari sons or 

vari ous trea tment groups (50ppm VS 100ppm, 50ppl11 VS 200ppm and 100ppm VS 

200ppm) showed very highl y signi fi cant (0 .001) increase i nmean co met number. Th e 

hi ghest increase was shown by 200ppm treatment group. Regression analys is of va ri ance 

showed (Ii g. 15 b) significant dose dependent i ncrcase in comet nu mbcr (b 2 I .90 I 4. 63 ~ 

F ( 1. 2 ) 22 .37; P 0.(4) w ith the increase in the dose of sodium arsenite indi ca ting highl y 

damage to the sperm D A.. 

Comet length: 

Mean epidid ymal sperm comet length or co ntro l and trea ted (5 0ppm, 100ppm and 

2(JOpp m) groups is given in Table 11 . Mean sperm comet length increased very hi ghl y 

signi fi cantl y (P<O.OO I) in sodium arsenite trea ted (50ppm, 100ppm and 200ppm) groups 

compared to controls. There was no signili cant (P>0.05) d i fTerence in mean comet Icngl h 

in 100ppm treatment gro up compared to 50ppm trea tment group . Very hi ghl y signi i'icant 

(Jl <O.OOl) increase in mean comet length was noticed in 200ppm treatment gro up 

compared to 50ppm and 100ppm (P<O.O I) treatment groups. Tbe regression ana lysis oj ' 

variance showed (fig. 16a) non-significant increase in comet length aga inst increased 

doses of sodium arsenite (b~ 4.9891 1.5 1; F ( 1.2)- 10.95; P 0.(8). 

Comet height: 

Mean sperm comet height of control and treated (50ppm, I OOppm and 200ppm ) groups is 

shown in Table 11 . Mean sperm comet height of sodium arseni te lrea ted (50ppm, 

100ppm and 200ppm) groups increased very highly significantl y (P<0.001 ) comparcd to 

controls. Mean comet hcight in I OOppm trea tment group increased significantly (P<0.05) 

compared to 50ppm trea tment group. I li gh dosc (200ppm) trea tment caused very hi ghly 

signi fi cant (P>O.OO J) increase in mean comet height compared to low dose (50ppl11) 

treatment but non-significant (P>0.05) increase eornpared to 100ppl11 treatment group. 

The regress ion analysis of'variance showed (Jig. 16b) significant increase in epididymal 
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T able. 11. Effect of sodium a."senite on comet length , height and head diameter of rat 
ep ididy mal sperm measured by comet assay at 56 days age. 

G roups C omet Length (~(,m) Co met Beigh t (~L1n) 

control 53.08 0.73 49.42 1- 0.58 

50ppm 64.46 0.95 a*** 54 .22 0.74:1 ''''* 

l OOppm 64.04 -I 0.96 a*** 57.0 1 I- 0.87:1 '''''' IJ* 

200~pm 69. 53 0. 99abc*"* 59 .67 O.69ab*** 

a= Control VS treated groups, b= 50pp VS IOOp pm and 200ppm, 

c= 1 OO ppm VS 200ppm 
P<().05;', P<().()() 1 ,'dd, 

Values±SEM 

Head Diameter (~(,m) 

49.42 =' 0.58 

54. 22 0.74a"*" 

57.0 I 0.87a"'·"·' h" 

59.67 O.6()"h'·"'" 
._----
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sperm co me! heigllt vv ith the increase In the dose of' sodium arseni te (b 3.35 1 O.J6: I: 

(1:) gS.12: P 0.( 1). 

Comet head diamctel": 

!Jean sperm comet head diameter of' contro l and treated (5 0ppm. 100ppm and 200ppm ) 

groups is sho wn in Tab le 1 I. All the three (50 ppm. 10ppm and 200ppm ) treatments 

caused very hi ghl y signili cant (P<O.OO l ) increase in mean sperm comet head diameter 

compared to co ntrol s. Rats trea ted with 100ppm sodium arsenite ex hibited signi fi cant 

(P<0.05) increase in n1ean sperm comet head di ameter compared to 50ppm treatment 

group. Rats treated with 200ppm sodium arsenite showed ve ry hi ghl y sign i ficclil t 

w <(). O() 1) inc rease in mean sperm co met head di ame ter compared to 50ppm treatment 

gro up but this inc rcase was no n-s ignificant (J» 0.05) co mpared to 1 OOpptn l1-catmcnt 

grou p. Regress ion analys is of vari ance shm,ved (fig. 16c) signi fi eant increase in comet 

head dia meter of epididymal sperm against increased doses of sod ium arsenite 

(b 3.3 5! O .3 6 ~ F (12) 8 5. 1 2~ p. 0.01 ). 

Comd head DNA pel"ccnt-age: 

1V'lean epid idymal sp 'rm comet head percen tage in control and treated (50ppm. 100ppm 

and 200ppm) groups is given in Table 12. Sodium arsenite (5 0ppm, 100ppm and 200pp) 

treatment caused significant (P<O.Ol) decrease in mean sperm comet head D !\ 

percen tage compared to co ntrols. No signifi cant (P>0.05) di f'f'erence in mca n comet head 

DN/\ percentage was noti ced in IOOppm trea tment gro up compared to 50ppm trcatmcll ! 

group. 1\ hi ghly signi fica nt (P<O.OO I) decrease in mean co met hcad DI 1\ puccntagc v\ as 

no ti ced in 200ppm treatment group compared to 50ppm and 100ppm treatmcnt groups. 

Regress ion analysis of variance showed ( fig. 17a) non-signifi cant dose dependent 

decrease in mean co rnet head DNA percentage in sodium arsenite treated rats (b -

().4g l () .1 1 5 ~ F ( 1. 2 ) 17.62; P 0.05) . 

Com et tai l length: 

Mean epid idymal sperm comet tail length of control and treated rats is given ill Table 12. 

I'vlean comet tail1cngLh increased non-s ignificantl y (P>O.05) in 50ppm sodium arsenite 
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Tab le. 12. Effect of sodium arscnite on comet hcad DN A percentage, tail length and 
comet tail DNA pc."ccntage in 56 days old rat epididymal spcrm. 

G."OUPS %DNA in Head Tail Lcngth (f.lm) %DNA in Tail 

control 99.47 0.04 6.38 0.46 0.57 0.05 

50ppm 08.76 0.15 11 *" 8.27 0.55 0.78 0.05 

100ppm 98.75 0.11 a"'* 1 0.40 0.701l ';;·'" 1.25 O.l lll "" h'·' 

200ppm 97 .86 0.1811br*"'* 12.35 -I 0.80a b
'';';' 1.9 1 1- O.1811 br**" 

a= Control VS t,"cated groups, b= 50pp VS 100ppm and 2()Oppm, 

c= t OOppm VS 20()ppm 

P<O.05"', P<O.()l ", * ,P<O.OOl ;';'';' 

Values±SEM 
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Fig. 17. Rcgression linc showing (a) non-signitieant dCCl"easc in eomct head DNA 
pcrcentage, (b) significant inCl"easc in mcan comet taillcngth and (c) comct tai l DNA 
pcrccntagc in rat ep ididyma l spcl-m at 56 days agc against incl"cascd doses of 
sodium arsen ite. 



Results 

treated rats and hi ghl y signili ca ntl y (P<O.()O I) in 100pplll and 200pplll trea tment group~ 

compared to co ntrols. There 'vvas no signi ii cant (P>0.05) increase in mean comet length 

In 100ppm treatment group compared to 50ppm treatm ent group. Mea n co met tail I 'noih 

In 200ppm sodium arsenite treated rats increased highl y signi flcanLl y (P<O.OO I) 

compared to 50ppm treatment group and non-signiflcanLl y (P>0.05) co mpared to 100ppm 

treatm ent group. The regression analys is o f' va ri ance showed (fig. 17b) hi ghl y significant 

increase in comet ta i I length wi th the increase () " the dose 0 i' sod i um arsen i tc 

(b 2.004 10.03: F ( 1,2) -4 132; P 0.00(2). 

Comet tai l DNA percentage: 

Mean epid idymal sperm comet tail DNA percentage in the contro l and treated (50pp111 , 

I OOppm and 200ppm) groups is given in '{'abl e 12. I\. non-s ignifi cant (P>0,05) increase in 

mean C0111et ta il DNI\. percentage in 50ppl11 treatment group was noticed compared to 

control s, while in other two treatment groups ( J OOppm and 200ppm) mean comel ta il 

DNI\. perccntage increased highly significantl y (P<O.OOI ) compared to control s. 

:-: igni ficant (P>0.05) increase in mean comet tail D I\. percentage was ob'icr\ (:(\ in 

1 (l Opprn treatm ent gro up compared to 50p pl11 treatment gro ll p. Mcan come! [(Ill I )N !\ 

percc ntag' iner ased highly significantly (P<O.OO I) in 200pprn treatmcnt group 

compared to 50ppl11 and I OOppm trea tment groups. The regress ion analys is o f' \ 'ariance 

shov,led (fig. 17e) a signifi cant increase in mean comet tail DNI\. percentage aga in st 

increased doses of sodium arsenite (b -0.449 10.07: F ( 1.2 ) 39.63: pc 0.02). 

Comet ta il moment: 

Mean epididymal sperm comet tail moment of control and sodium arsenite treated 

(SOppm, 1 OOppm and 200ppm) groups is given in Tab le ] 3. Mean comet tail morncnt in 

IOOppm sodium arseni te treated gro up increased signi fi cantly (P<O.05), 200p pl11 

treatmcnt group increased highl y significantl y (1)<0.00 1) and non-signifi cantl y (P>O.05) 

in 50ppm trca tn1cnt gro up compared to con trols. Mcan cumct tail moment increased non­

signi i[cantly (P>0,05 ) in IOOppm treatment group compared to 50ppm trea tmcnt group . 

Ili ghly significa nt (P<O.OOl ) increase in mean comet ta il moment was noticed in 200pPl11 

treatmcnt group compared to SOpprn and 100pprn trea tment grollps. The regression 



Tab lc. 13. E ffcct of sodium arscnitc on comet tail and 

O livc momcnt in cpid idymal spcrm of 56 days old nits 
mcasurcd by comct assay. 

G roups Tail Moment Olive M omcnt 

control 0.04 ~ I:: 0.01 0.09 .1' 0.01 

50ppm 0.11 ·1 0.0 I 0.13 1 0.01 

lOOppm 0.14 1 0.02a
" 

200ppm 0.32 1 0.04alJc
*H 

a= C on trol VS h'cated groups, b= 50pp VS lOOppm 

and 200ppm, c= 1 OOppm VS 200ppm 

[><0.05"', P<O.O J "'''',P<O.OOl ;"J:,!, 

Values±SEM 

}?fl ulr.\ 



analysis 0 1' va ri ance shov"cd ( fi g. 18a) non -significant increase in mean comet tail 

mOlllent with the increasc o f" the dose o f" sodium arsenite (b 0.08 7 10.02: F ( 1 2 ) 15.67: 

P 0.(5) . 

O live moment: 

Mean comet Olive Illoment of" control and trea ted (50 ppm . 100prn and 200ppm ) gruups is 

givcn in Table 13 . Mean epididymal sperm comet Oli ve moment increased non­

signifi cantly (P>O.OS) in SOppm treatment group but highly signi fi cantl y (P<O.OOI) in 

IOOpp and 200ppm groups co mpared to control s. Mean Oli ve moment in 100ppill 

treatme nt gro up increased sign ifi cantly (P<0.05) compared to 50ppm treatment gmup. 

The highest increase in mean comet Oli ve moment was noticed in 200ppm treatment 

gro up compared to SOppm (P<O. OO I) and 100ppm (P<O.O 1) treatm ent groups. The 

regress ion anal ysis of variance showed (fig. 18b) significant close dependent increase in 

mean co mel Oli ve moment (b 0.084 1-0.013 ; F ( 1 2) - 43 .56; P 0.02). 
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Fig. 18. Regression line showing (a) non significant increase in comet tail mom(mt 
and (b)signiticant increase in comet O livc moment in rat epididy mal sperm at 56 
days of age agai nst inneased doses of sodium a rscnite. 



Fig. 19. Florescence photograph (X400) of epididymal sperm nuclei showing (a) control 
having most of the epididymal sperms with intact DNA (b) 50ppm sodium arsenite 
treated sperms with intact DNA and also comets with moderate DNA damage, ( c) 
100ppm sodium arsenite treated sperms with some intact DNA and more comets with 
increased DNA damage and (d) 200ppm sodium arsenite treated sperms showing the 
highest number of comets with fragmented DNA. 1= Intact DNA, H=Olmet head, T= 
Comet tail. 
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Hesu!/.\' 

IIISTOMORPIIOLOGY 

Tcstcs: 

' I he tes ti s v,'as covered by testicular capsul e consisti ng o f three layers (fig , 23a) , In the 

tL: slic ular parenchyma severa l round . elongated and ova l seminife rous tubul es \,\cre 

scattered, Tubules were compactly arranged in the peripheral reg ion compared to the 

central po rti on or tes ti s, The interstitial spaces 111 bel ween the seminifcro us tubules 

contained blood vesse ls, co nnec tive ti ss ues and Leydi g ce ll s. The I,eydi g ce ll s v"ere 

ro und or oval in shape. I':ach ce ll had prominent central round nucleus (fi g, 22a), Outside 

each semini fe rous tubule a thin layer of peritubul ar ce ll s was present. These ce ll s were 

spind le shaped with elongated nucl ei in centre, Sertoli ce lls ex tended fl:om the basement 

membrane towards the lumen of seminiferous tubul e. Prominent Sertoli ce lls nuclei were 

lyin g on the basement membrane , The nuclei were irregul ar mostl y ova l or elongated in 

con tro ls ( Ii g, 21e), Vari ous spermatogeni c cell s we re seen at c1 iffe rellt stagcs. I'he 

spermatogen ic ce lls \;ve re compactl y arra nged in semini fe rous tubule , Some Lu buk ~ \\ith 

packed lumen were also seen (fi g, 20a), Round spermatids as \", ell as matu re sp c; nm: L(~ /.tla 

\\ eIT f(lu nd in the lu men ()f seminiferous tubu les ( fi g. 2 1 a) 

Sprague dm,vley rats trea ted with 50ppm sodium arsenite showed signi fieant red ucti on in 

the ~i:/c or I,eydi g cell s. seminiferous tu bules. semini rerous ep itheliliulll . Sertoli cell s. 

spe rm atogon ia. pr imary spcrmatocytes. second ary sperm atocyles and sperm atids . 'I he 

thi ckness oi'test icul ar capsul e decreased and the ce ll s were mostl y o\'a l shaped com pared 

to controls (fig , 23 b), The tubules were loosely arranged inside tes ti cular parenchyma 

compared tll the contro l (fig, 20b). Number of Leydig and Sertoli ceUs reduced co mpared 

to con troL Leydig cell s \Nilh both round and elonga ted nuelei were present in the te~ te s of' 

)()pp lll sodiulll arseni te trealed rals (fig, 22 b). The nuclei of' Sertol i ce ll s wcre uf' var iabll 

. hapes (Jig . 21f) The :) PCrl1la togcni c ce ll s \\ 'e re cO lllpac tl ) anan gcd in sc!nlnikrou, 

tu bule like contro ls, 1\ 11 stages of spermatogenes is as ill contro l ""'erc observed in the 

testis of 50ppm treated testes (fig, 2 1 b), The interstitial spaces enlarged compared to tile 

CO !) tro 1. 



Results 

Fig. 20. Photomicrograph of seminiferous tubules in testis of control and sodium arsenite 
treated rats at 56 days age, (a) Control showing compact arrangement of tubules having 
lumen (L) packed with sperms (S), low interstitial (I) spaces are also observed. Reduction 
in tubular diameter and sperms is observed in a dose dependent manner. (b) 50ppm 
showing some loosening in tubular arrangement with extended lumen and interstitial 
spaces, (c) 100ppm and (d) 200ppm further extension in lumen and interstitial spaces is 
observed which is more prominent in high dose group. Some atretic or regressed tubules 
(AT) are noticed in 200ppm group. H & E. 
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Results 

101lm 

Fig. 21. Photomicrograph of seminiferous tubule section showing spermatogenesis in 
control and sodium arsenite treated rats. (a) Control showing Leydig cell (L), nuclei of 
Sertoli cell (S), spermatogonia (Sp), primary spermatocyte (PSc), secondary 
spermatocyte (SSc) and spermatozoa (Spz). The number and size of nuclei of Sertoli cell, 
and all spermatogenic cells decreased in a dose dependent manner. (b) 50ppm showing 
spermatogenic cells like control, (c) IOOppm showing X stage of spermatogenesis with 
fragmented primary spermatocyte, (d) 200ppm showing XII stage of spermatogenensis 
with fragmented and necrotic primary spermatocytes and very low number of elongated 
spermatids.( e, f, g, h) showing variable shapes of Sertoli cell nucleus in control, 50ppm, 
IOOppm and 200ppm respectively. H& E. 
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Soci i IIll arsen ite treatment or IOOppm also ca used signi [lean t reducti on in diameter \ )1' 

sem ini f'c rous tu bule anclits epithcl iaJ heighl. Signi ficant dec rease in nuclear diamei-.: r or 
I,eydi g ce ll. Serloli ceJl s, sperm atogoni a, rmm ary sp rmatoc tes, secondary 

spermatoc ytes and sperm atid s., vvas rounci compared to contro ls and SOppm group , 

Sud ium arseninte 01' J OOppm caused decrease in tbickm;ss or tcs ti cul ar capsule ( Ii g, 23c ), 

The J ,cydig eell s had mos tl y round nuelei (fig, 22c), The nuclei or Sert ol i ce lls were or 
irregular shapes and sbrin] ed compared to low dose and contro ls (Ji g, 2 1g), The !l umber 

o r I ,eydig and Serto li ceUs dec reased with the treatm ent 0 [' IOOppm sodium arsenite, The 

peri tubular mem brane became thin with reduced number o r ce lls. The sperm atogenic 

ce ll s werc loose ly arranged co mpared to compact ly arranged spermartogeni c cell s In 

S() ppm treatment group and controls, There v,tere ['ou nd IX. X alld X l stages of' 

spermatogenesis most abundantly, Fragmentati on was observed In prImary 

sperm atocytes. The number of primary spermatocytes, rou nd and elonga ted sperlll at icl s 

decreased in these stages (fig. 2 1 c) . Interstiti aJ spaces al so en larged compared to cunlro ls 

and Imv dose treatment (rig. 20c) . 

Ri:!ts treated ","ith 200I)pm sodium arsenite showed hi ghl y significant reduction in nuclear 

di <.lPle ter 0(" l ,eyci iD ce ll s, Sertoli ce ll s, and various spe rmatogen ic ce ll s. Semini ICmus 

lubuk diame tcr and epithelial height o r the tub ule decreased signilicClntl y. I Ji gh :Jnsc 

treatment caused the highest dec rease in thickness u r testic ul ar capsule. The ce ll s \'\ I.'re 

sinall and mostly round compared to the elonga ted ce ll s in the capsule or control tc;-; ti s 

(fig. 23d), The sC lTl ini k rous tubules we re o f' vari able sllapes and 'Nere 111 01'e loosel y 

arranged comparee! to the control and low dose treatments (Jig. 20d), The num ber 01" 

I ,eydig and Serto li cell s showed the highes t reducti on compared to the other gro ups, The 

shape o f' Leydi g cells \;vere mostly elongated compared to the round and ova l Leydi g l'elb 

in controls and low dose lreated groups (fi g. 22d) The nuclei 0 1" Sertol i cell s we re al ~;(\ 

irregular (fi g. 2 J h). The peritubul ar membrane around the semi ni re mus t[lbu le 'vvas thin 

ane.! al ce rla in points dc tached ('rom the germinal epithe lium of seminiCcro Li s tubuk . I'he 

ce lls of' thi s layer became thin and decreased in number compared to the controls. 50ppm 

and I OOPPLTl sodium arsen ite, Spermatogeni c ce]] s werc loosely arranged. The over a ll 

pi cture 0[' spermatogenes is showed XlI , XTll and X IV stages most abllndantl y. There 'v\ as 

dc p 1cti on of pri mary spermatoc ytcs and elon gated SpCl"mLl ti ci s in l hesc ,> tuges The 
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Results 

Fig. 22. Photomicrograph of testicular interstitial spaces showing Leydig cells in control 
and sodium arsenite treated rats at 56 days age. (a) Control showing large number of 
Leydig cells (L) with round nuclei in the interstitial spaces. The number and size of 
Leydig cell decrease in a dose dependent manner. (b) 50ppm showing some Leydig cells 
with round and some with elongated nuclei, (c) 100ppm showing Leydig cell with small 
and round nuclei, (d) 200ppm showing few Leydig cells with elongated nuclei only. 
Interstitial spaces are more extended in high dose groups. H & E. 
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Results 

Fig. 23. Photomicrograph of testicular capsule of control and sodium arsenite treated rats 
showing (a) Control with dense fibers and compact cellular arrangement. Decrease in 
thickness and loose cellular arrangement is observed in a dose dependent manner. (b) 
50ppm treatment group reduced number of cells is noticed, (c) lOOppm further reduction 
in cell number is observed, (d) 200ppm group profound decrease in number of cells and 
thickness. H & E. 
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He:;,,/rs 

chromatin oj saIne primary sperrnatoc ytcs appeared fragmented and few shO\\'l:d 

nectr )ti e cJ1anges \vitb thoro ughly damaged chromatin (fig. 2 J d). Atre ti c or atrop llJC: 

semini ICro us tubules were also found in 200ppm group eri . Od ). 

EPII)II)YMIS : 

I'hree parts o f' epididymis caput, co rpus and ca uda were used fa r hi stological 

observations. 

CAPUT: 

I ~ p idic.l ymal caput o f' control group sho\ved lumen packed with sperm ~; (ri g. 24a) . The 

epithelium was composed mainl y of principal ce lls and basa l ce ll s. Principal ce ll s V\crL' 

tali columnar ce lls \"lith elongated nuclei. N um erous ci I ia ex tended from the lum i nal 

surface o f the principal cells. The basal cells were short and rest on the basa l lamina . One 

or two mLiscle layers surrounded tubule segments externally (fig. 2Sa) . The interstiti al 

spaces between the tubule vvere packed with connecti ve ti ss Li es and bl ood vessel s (fi g. 

24(1 ) 

I.m" dose (50ppm) treated rats showed reduction in tubular diameter and c p it h ei1~1i h" igl;t 

~)r cap ut co mpared to the contro l gro up. The principal cel ls were co lu mnar with elnngat 'd 

nuclei but small in heighl compared to the controls. The cilia present at the ti ps o f 

principal ce ll s were also short compared to the control. The basal cells at the base of' 

principal ce lls also reduced in si7.e (fi g. 2Sb) . The SOppm sodium arsenite trea ted ra ts 

showed enl arged interstitial areas compared to control (fi g 24b). 

Ra ts treated \vith 100pp111 sodium arsenite also showed reduction in tubular diameter cU1Li 

epithe li al height of caput compared to contro l and SOppm group . The nuclei o f' the 

principal cells were irregular in shape compared to the elongated nuc lei of control ill d 

SO ppm gl'OUp. The ci I ia were short and rare compared to contro l and low dose treated 

gro up. The basa l cel ls we re very small and hcll'dly distingui shab le frolll the cells of' 

muscle layer (fig. 25c). The intertubul ar areas enlarged compared to the con trui and 

50ppm group. I:ew atre tic lubules were present in the epid idymal capu t of IOOppm 

socl i 1111 arseni te treated rats (fi g. 24c). 



Results 

Fig. 24. Photomicrograph of epididymal caput showing tubules in control and sodium 
arsenite treated rats at 56 days age. (a) control showing tubules with prominent 
epithelium (Ep), large number of spermatozoa (Spz) and small interstitial spaces (I). 
Decrease in tubular diameter and extended interstitium is observed in a dose dependent 
manner. (b) 50ppm showing decrease in epithelium and spermatozoa, (c) IOOpm and (d) 
200ppm showing further reduction in epithelium and some atretic or regressed tubules 
(AT) are noticed. Cellular debris (CD) is present in the lumen of high dose epididymal 
caput. H & E. 
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Results 

Fig. 25. Photomicrograph of epididymal caput showing cellular arrangement in 
epithelium in control and sodium arsenite treated rats at 56 days age. (a) Control showing 
epithelium having outer muscle layer (ML), columnar principal (PC) and small basal 
cells (BC) prominent nuclei and luminal cilia (C). The size and number of ciliated cells 
and basal cells nuclei decrease dose dependently. (b) 50ppm showing epithelium with 
elongated nuclei of principal and small round basal cells. The surrounding muscle layer is 
not very prominent, (c) 100ppm showing disarrangement and irregular nuclei of principal 
and basal cells. The muscle layer is not intact at some places, (d) 200ppm showing 
epithelium with round nuclei of principal and flattened nuclei of basal cell. The basal 
cells are indistinguishable from surrounding muscle layer. H & E. 
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He, 11 11 ,1 

The tu bul ar si/,e and cpithe li al he ight o f' cap ut showed the hi ghes t red uc ti on in ra ts treated 

with 200ppm sodi um arsenite compared to co ntrol 50pPlll and IOOppl11 group. The 

epithe liulll became cu boidal compared to the eolumnar epitheliu m o f' controL'. Thc ·II.C 

or principal ce ll s "vas small with alm ost rounded nuclei compared to control and treatcd 

groups. The cilia were absent. The sil.c or basa l ce ll s showed hi ghest reductil)i1 "v ith 

rou nd nucle i. There was also observed cellul ar debris in lum en. The debri s com pri sed 01' 

1110s tl y mitotic ce ll s, sOllie sperms and secretions (fig . 2Sd) . The in tertubul ar areas also 

ex tended . Somc atreti c tub ules were also observed (fig. 24d). 

CORPUS: 

( orpllS shov, ed increased IUlll en compared to that of caput (fi g. 2oa). COll iJlJ lla r cell s l) I' 

the' ep ithelium Vvcre tall w ith somewhat elongated nuclei . The basal cel ls we re short wi th 

small rounded nuclci resting on the lining of epithelium, surrounded by muscle layer (fi g. 

27a). 

Rats treated w ith 50ppm sodiulll arsenite showed reduction in tubular di ameter and 

l:pithe li al height compared to control s. The sil.e of the pr inc ipai ce ll s c.lecrc ;~:<;ed \'\ itil 

Sorll 'what irregular nuclei The basa l ce ll s wcre also short with irreg ubr nuc lei cUIl lpared 

to contro l. The tu bules v.erc su rrounded by muscle layer like that uf control (I ig. 27 h). 

The interstitium beeame ex tended compared to controls (fig. 26b). 

Lpi c.lid ymal co rpus o f' 100ppm group showed decreased tubu lar di ameter and epithe li al 

height. compared to the control and 50ppm group. The si/.e of the principal ce ll s Wi\" shu )' t 

with !l allcned nuclei. Rare or no cili a presen t at the tips of principal cdl s [m'va rLi s lumell. 

The basal ce ll s were short w ith elonga ted nuclei , fe w lying close to the mu sclc layer (Jig . 

27c). There was observed an ex tension in interstitial spaces compared to control s and 

50PP111 sodiurn arsenite treated group (fig. 26e) . 

Corpus 0 1' 200ppm sodium arsenite trea ted rats showed highest decrease in tubuk 

diameter and epithelial height. The sil.e of principal cel ls sho wed highest rcd ucti on ""i til 

ro Llnd nuclei. There was observed d isarrangemen t of epitheli a l ce ll s. 0 eilia \AC le 

present. The size of basal also reduced , not distingui shab le from musc le layer. Ccllul ar 

debris was ro und in the lumen or' corpus (Jig. 27d). The extension in interst iti al spaces 

was 

99 



Results 

Fig. 26. Photomicrograph of epididymal corpus showing tubules in control and sodium 
arsenite treated rats at 56 days age. (a) Control showing tubules with prominent 
epithelium (Ep), large number of spermatozoa (Spz) and small interstitial spaces (I). 
Decrease in tubular diameter and extended interstitium is observed in a dose dependent 
manner. (b) 50ppm showing decrease in epithelium and spermatozoa, (c) 100pm and (d) 
200ppm showing further reduction in epithelium. Some atretic or regressed tubules (AT) 
and cellular debris (CD) are noticed in high dose treated group. H & E. 
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Results 

Fig. 27. Photomicrograph of epididymal corpus showing cellular arrangement in 
epithelium in control and sodium arsenite treated rats at 56 days age. (a) Control showing 
epithelium having outer muscle layer (ML), columnar principal (PC) and small basal 
cells (BC) prominent nuclei and luminal cilia (C). The size and number of ciliated cells 
and size of principal and basal cells nuclei decrease dose dependently. (b) 50ppm 
showing epithelium with irregular nuclei of principal cells, (c) 100ppm with flattened 
nuclei of principal and small rare basal cells, (d) 200ppm showing epithelium with 
irregular shaped nuclei of principal cells and no distinction in basal and surrounding 
muscle layer. H & E. 
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IC esu!ts 

more pronoull ced co mpared to control and low dose groups. Some atreti c tubul es were 

also round in the corpus or hi gh dose (200pp111) treated rats ( ri g. 26d). 

CAUDA: 

The si/.e of cauda lumen was observed to be greater than caput and corpus (fig. 28a). 

Lp id idYlllal cauda showed long co lu mnar principal cell s hav ing elongated nucle i with 

luminal cilia . The basa l ce ll s were small. present at the base or the principal ce ll s. Th L" 

epithelium was surro und ed by musc le layer (fig. 29a) . 

Lpididymal cauda of low dose treatment showed decreased epithelial height. The si/e of" 

princ ipal cell s was small. The nuclei of principal ce lls were irregular (cuboidal, rounded) 

compared to the elonga ted nuclei of control epididymal cauda. Thc cilia 'vvere short 

co mpared to cOl1trol group. The nuclei of the basal cell s were also of va rious shapes like 

principa l ce ll s nuclei. The epithelium was surrounded by muscle layer lik e control group 

( fi g. :~9b) . TIle interstitial spaces enlarged compared to controls (fig. 28b). 

Rats treated \-\l itb 100ppm sod iulll arsenite showed reduction in epitheli al hei ght and 

principal cc ll s compared to controls and SO ppm treatment gro up. Thc nucl ei 01' principal 

ccll s ,,,,e re round and that o r basal cell s were elongated . Rar ' l any cilia were prcsent in 

the ca uda or 100ppm sod ium arsenite treated rats. The epith JiUlll was surrounded by 

1J1Llsc le laver (rig. 2ge) . The interstiti al spaces in cauda or I OOPP111 treatmcnt grou p 

ex tended c0111parecl to controls and SOppm treatment group . Some at retic tubules were 

also observed in 100ppm trea tment group ( fi g. 28c). 

r ligh dose; (200ppm) treatment caused the hi ghest reduction in epithe li al height and si/c 

or' pri ncipal cells compared to control, SOppm and IOOppm treatment. Rats treated wi th 

200ppm sodium arsen ite showed highly stratif"i ecl epitheliulll with no cilia compared to 

eolulll nar epitbilium of control group . The nuc lei o[ principal ce ll s \~Iere rounded . TIll' 

Illusc le layer was 11 0 1 di s tingui shab le compared to con tro l. SOPP Ill and IOOpplll trea tm ent 

gruup ( fi g. 29d ). The interstitial spaces shovved the most profound extension compared to 

contrul s and low close gro ups. Some atretic tubul es were round in ep ididymal cauda 0'· 
thi s group (fig . 28d). 
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Results 

Fig. 28. Photomicrograph of epididymal cauda showing tubules in control and sodium 
arsenite treated rats at 56 days age. (a) Control showing tubules with prominent 
epithelium (Ep), large number of spermatozoa (Spz) and small interstitial spaces (I). 
Decrease in tubular diameter and extended interstitium is observed in a dose dependent 
manner. (b) 50ppm showing decrease in epithelium and spermatozoa, (c) lOOpm and 
(d) 200ppm showing further reduction in epithelium and some atretic or regressed tubules 
(AT). Cellular debris (CD) is present in the lumen of high dose epididymal cauda. H & E. 
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Results 

Fig. 29. Photomicrograph of epididymal cauda showing cellular arrangement in 
epithelium in control and sodium arsenite treated rats at 56 days age. (a) Control showing 
epithelium having outer muscle layer (ML), columnar principal (PC) and small basal 
cells (BC) prominent nuclei and luminal cilia (C). The size and number of ciliated cells 
and size of principal and basal cells nuclei decrease dose dependently. (b) 50ppm 
showing epithelium with irregular nuclei of principal and basal cells, (c) 100ppm with 
flattened nuclei of principal and basal cells, (d) 200ppm showing stratified epithelium. H 
&E. 
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Results 

Fig. 29. Photomicrograph of epididymal cauda showing cellular arrangement in 
epithelium in control and sodium arsenite treated rats at 56 days age. (a) Control showing 
epithelium having outer muscle layer (ML), columnar principal (PC) and small basal 
cells (BC) prominent nuclei and luminal cilia (C). The size and number of ciliated cells 
and size of principal and basal cells nuclei decrease dose dependently. (b) 50ppm 
showing epithelium with irregular nuclei of principal and basal cells, (c) IOOppm with 
flattened nuclei of principal and basal cells, (d) 200ppm showing stratified epithelium. H 
&E. 
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VAS DEFERENS: 

The mucosa of control vas deferens showed prom inent pseudostratifi ed co lumnar 

epithelium main ly com posed o l' prin cipa l ce ll s. The mlclei o l'p rincipa l cells we re lumin al 

in position co mpared to that 01 ' ep ididymi s. Well dc\·elo]J ec.L line . and reg ular cili a \\ere 

present at the rree ends or the principa l ce ll s. The basa l ce ll s vve re also presen t at the base 

or principal eell s. The epithelium was bounded externally by a thin lamina propri a. The 

mLlcosa was thrown into fold s. The vas deferens exhibited a packed mass or luminal 

sperrns (fi g. 31 a). The muscul aris or the control vas derercns showed normal in ner 

longitudinaL pro minent middle circu lar and vve ll -defin ed outer long itudinal layers. I"ilL' 

musculari s was intact with increased number or round and elongated nuclei (I ig. 32a) . 

The muscul ari s was externall y bounded by adventitia with connecti ve ti ssues and bl ood 

vessels (fig . 30). 

Ra ts treated w ith 50ppm sodium arsenite showed reduction in epithelium hei gh!. organ 

(l"ig. 30b), principal and basal cells size compared to control. The musc ul ari s \,\ as lonse l)' 

unangeci compa red to co ntrols with elonga ted and rou nd nucle i ( Ii g. 32 b). The siJ.c or 
Il uclei or princ ipal and basal ce lls dec reased. l"e\,\' or the nuclei 01' principal ccih ,,\ ere 

di splaced towards the basal cel ls co mpared to the normal luminal pri ncipal cells nuclei . 

The cili a we re also short compared to contro ls ( fi g. 31 b). 

Treatment or 1 OOppm sodium arsenite caused f1.1rther significa nt reducti on in vas deferens 

size and epithelium compared to controls and 50ppm treatment group ( fi g. 30c) . Therc 

was also loosening or muscul aris witb some round and mostl y elongated nuclei in 

IOOppm sod ium arsenite treated group (fig. 32c). Some principal ,e]J' s 1 uc1c i v' ere 

elongated but most of the principal ce lls and all basal ce lls nuclei were irregul ar in shape. 

I'he ci lia were sparse ly arranged compared to the denscl y arranged cili a of control s and 

50 pplll arsenic trea ted group (fi g. 31c) . 

l l igh dose (200ppm) treated rats showed hi ghl y signifi cant reducti on in vas de l'c rcns si/.c 

and epithe li um co mpared to the contro l, 50 and IOOpPITl sodium arsenite trealed rats (ri g. 

JOd). Ihe loosening of' Illusc ul ari s was more prominent with cy li ndrical nuclei compared 

to the ro und nucle i in co ntro l and 10\'" dose trea ted groups (fi g. 32d). The epitheli al cc ll s 

were undi ITcrcn tiated. The nuc lei of principal ce ll s "'"ere rounded and basal ce lls Wl;rc 

tri angular and polygona l in shape compared to the elongated principal cells and I'Clund ccl 
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Results 

Fig. 30. Photomicrograph showing vas deferens in controls and sodium arsenite treated 
rats at 56 days age. (a, b) Control showing thick muscular coat (MC) and epithelium (Ep) 
with small lumen (L). The diameter of vas deferens decreases dose dependently. (c, d) 
50ppm with loose muscular coat and thin epithelium, (e, f) 100ppm and 200ppm (g, h) 
further loosening in muscular coat and thinner epithelium. Cellular debris (CD) is noticed 
in the lumen of high dose treatment group. H & E. 
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Results 

Fig. 30. Photomicrograph of vas deferens showing cellular arrangement in epithelium in 
control and sodium arsenite treated rats at 56 days age. (a) Control showing epithelium 
with columnar principal (PC) and small basal cells (BC) prominent nuclei and luminal 
cilia (C). The size and number of ciliated cells and size of principal and basal cells nuclei 
decrease dose dependently. (b) 50ppm showing epithelium with displaced nuclei of 
principal and basal cells, (c) 100ppm with elongated nuclei of principal and irregular 
basal cells, (d) 200ppm showing complete disarrangement of principal and basal cells 
with round nuclei of principal and variable shaped basal cells. H & E. 
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basa l ce ll s 0" co ntro l. Cellul ar debri s was fo und in the lumen or hi gh dose treated vas 

de krens, The lamina propria was not di stingui shabl e in the vas defe rens or ra ts trea ted 

"",i th 200pplll sodium arsenite, The IUlll en or vas d ' G-r ~ I1 S had ra r or no cilia in 200ppm 

sodillll1 arse ni te trea ted rats (fig, 31 d), 
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Results 

Fig. 32. Photomicrograph of vas deferens showing muscle arrangement in control and 
sodium arsenite treated rats. (a) Control with compactly arranged muscularis and 
increased number of elongated and round nuclei. Loosening in muscularis is observed in 
a dose dependent manner. (b) 50ppm showing muscularis with round and elongated 
nuclei, ( c) 100ppm group showing some small round and mostly elongated nuclei, (d) 
200ppm showing cylindrical and small number of elongated nuclei and rarely any round 
nuclei. H & E. 
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D;SClI.I'.I';(1/1 

DISCUSSJON 

Arseni c. as tri valent arsenite and pentava lent arsenate is natura ll y OcculTing ane! 

ubiquitously present in the environ ment. Arseni c compounds arc environmenta l toxi ns 

wi th mu ltiple e lleets in animal and hum ans (Liu et a!. , 2001 ~ Waa lkes et a l .. 2003). The 

ma in source of env ironmental arsenic exposure is drin king wa ter in whi ch inorga ni c lorm 

or arsen ic predominates (Bates et a!.. 1992; Po LL et al. , 2001 ). The ri sks of". exposure to 

inorgani c arse ni c in wa ter supplies is a key iss Lie facing the sc ientiii e co mmunity. lli gh 

le\'e l o r arseni c in the drinking wa ter can be round in areas within many countri es 

including Taiwa n, China, Chil e. Mexico. !\gentina. Th ailand , Fin land. llunga ry. 

13ung ladesh, Paki stan and Indi a (Ka ltreider et aI. , 200 I: Poll et al. , 200 I; N RC, 1999). 

The ellec t o r sodiulll arsenite on ma le reproduction is not we ll es tabli shed, although there 

arc some reports in which arsenic intox ication is assoc iated \;vith spermatotoxicity (Pant 

et al .. 2004), inhibition of tes ti cu lar androgenes is and reduction OrLlle weight o l"the tes tes 

and accessory sex organs (Sarkar et a l .. 2003) in ad ul t experimental animals. Tlowe\/e r 

the ac tual molecular events resulting in mal e reproducti ve to xicity 11"() m ex posure 01' 

inurganic arse ni c remai n unclear. There is also lack or li terature abo ut the reproducfi\ 'e 

toxic ity 01' sodium arsenite in growing age (from 4 8 weeks 01' age) male Sprague 

dawley rats. The current study has been spec ially designed ror this purpose. 

The present study \;vas carried out 1'01' 28 days to observe the adverse effects of' sodium 

arsen i te on structu re and Cu ncti on 0 I' testes and accessory duc ts (ep id id ym is alld vas 

delCrens) of' trea ted (5 0ppm , 100ppm and 200ppm) male Sprague dawley rats at 56 111 day 

orage . 

Rats treated with d i frerent doses or sodiu m arsenite (5 0ppm, 1 OOppm and 200ppm ) in the 

current in ves tigation were inacti ve, slow movement, smaller in size, weak, and showed 

inattention to general environmen t in a dose dependent mal1l1 er. The effect on these 

aspects was hi ghest in 200ppm gro up. Simil ar resu lts have been reported by Rodriguez cl 

al (200 I ) who observed red uced locomotor acti vity in a dose depe ndent manner alkr 

ex pos ing adult rats far 2 to 4 weeks with a dose o r 5. 10 and 20 mg/kg arsenite. 
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Discussion 

expos lllg adult rats Cor 2 to 4 'vveeks with a dose or 5, 10 and 20 m g/kg ~lrse nitc. 

/\ccording ly SchuHl et al (2002) obse rved hYP()Clctivity and depressed rales or groomi 19 

in male Wi star rats trea ted with 3.33, ().G6 , 13.3 or 26.6 m ' /k ) or sod ium ars 'nit , I'or 4. g 

and 12 weeks. Arseni c is a we ll-known neurotox icant to afTeet eNS and some studies had 

repo rtcd that the combined exposure to arsenic and lead mi ght impair neuropsychologica l 

de velopment in the chil dren (Ca lderon cl ai , 2001) . Tsa i et al (2003) reported a dose 

rcsponse relat ionship between cumul at ive arseni c exposure and neurobehaviora l 

performan cc in children li ving in Taiwa n. Wasserman el al (2004) reported reduced 

int.e llectual leve l and lower performance in children li ving in high arsenic (>50 ~Lg/ L ) 

contaminated area compared to children who lived in low arseni c «5 .5 ~Lg/L ) 

contami l1 ated area. Present in ves ti gation also indicatecl simil ar changes in general ac ti vity 

ut' g\"()\\ lll g age rats .(2 R- 56 clays ) dependin g upon the dose or sod ium arsenite. 

In ti,e current ~:tL';dy :iodiu:n c,;'senite ca used pro fo und errecl on bod y we ight throughou t 

the experiment.. /\t the sta rt o r experiment there was no diJTercnce in body we iglll of" the 

three Irc<Itlllent gmups and controls. After treatment of sodium arsenite there \-vas gradual 

(IvedJ y) and l~l)SC dependent decrease in body we ight gain 0 I' the lreatment /dYO llpS 

C0 I1 1!X{lL'd Lo contro ls. The crfect. \,vas more profou nd at high dose leve l (200j'\pm) 

,:Olll;lCllT 1 to lo'v\ losc trea ted groups and co ntro ls . .l ana ct al (20()6) obsClved n,) 

signi Ijcal1l d i fTerencc in body we ight o f' ad ult male alb ino Sprague dawley rat.s a l'Ll:r 

trl:~\l mcnl wiih 5 mg/kg hody \,wight sod ium arsenite per day fo r 4 weeks. Pant c( al 

, 20(i cl. 200 I ) ()bscrv~'d no signifi canl dif"lcrence in body weight 01 ' ad ul t male S\viss 

<:!b inll 1111C(; :,lfkr trl:i.:tmcnl with sodi um arseni te . There are many stutii es in \\ iI i\~h 

dec re(!~,c in body \,\.eight has been reported. Nagaraja arld Desiraju , ( 1993, 1994) reporled 

a decrease in body we ight of" male and female Wi star rats when treated with 0 or 5 mg/kg 

sodiulll arsena te ii'om age 2 10 60 days . Decrease in body weight \~/as observed by andi 

el al (20()6) in adult :'a ts after exp()sure to 10ppnl of arseni c thro ugh drinking \,I;a ler ad 

libi!um fo r I!. v\ceks. Sprando et a l (2007) also found a dose related dec recisc in bod :. 

\\"',: ight In malL Sprague dawlcy rats after ac.lministcricg smglc ora l dose of sodium 

~:r:;~:nilc (0 .4 1. 4 .1. 4 1.0 and 4 10.0 mg/kg) in hair and half cream. Decrease in body lTld SS 

\,\as 1I\..l i :.ccd by C<lro! et al (2000) , when inj ec ted adul t male Wista r rats with Ccl CI2 (2 mt!, 

C\Vkg bud)' mi:lssida)) I'Dr 1"1 days . Simil ar ly using uther chemica ls lik e propyl p:lrabcn. a 
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signi ('i cant decrease in body 'A-eight was observed by Oi shi (2002) in mal e Wista r rats 

(\r)-2 1 days or age) treated with 0.01 , 0. 10 and 1.00 propyl paraben given in s li ghtl y 

1l10d i fied /\lN03( ; diet. Results of' present elll I prev ious \ ork sugges ted the adverse 

clTects or arscni c on growth or e(posed animal s parti cul arl y at hi gh dose level. 1'1lL' 

decrease in body wL' igbLl1lay be due to red uced ('ood co nsumpti on. The adverse dTect or 

arsenic 0 11 central nervous system may also be a reason for the decreased body weight 

gain irl trea ted rats . Reducti on of orgall s we ight along witb internal aberrati ons may also 

lK' Ollo.' o f' th e ca uses. 

\11 C<'11 1 1c:':1. iculCll 'A- ei ght decreased significanLJy compared to control in a ll t.he trea tm ent 

gL'O Ups. This decrease in tes ti cular we ight was more pronou nced in hi gh dose (200ppm) 

trea ted gro up. There was no signi fic ant drect on the length and width or tes tes with 10\\ 

close but signi li canl dec rease was seen with high dose of 200ppm or sodium arsenite. 

Lvel' 1,)\\ duse (I i' 5PP;11 sodium arsenite admini stcred ror 28 days durat ion d c.:c reas,~d 

pa ired test ic ul ar \,,;c ight in Sprague dawley (90 days old ) rats (lana et a I. , 2006). Sa rk aI' \~ t 

<. i1 (2(J03) in Wistar rats (4 months old), Pant et al (2004) in Svviss male albino mice (8· 10 

\\ eeks ('j ld) . I [ca ly ct al ( 1998) in mice, reported decrease in tes ti cular weight with sod ium 

<t !'~;e nit l: [remment. J\ sigllil!cant reduc ti on in testi cul ar weight o f' Swiss albino male mice 

(25, ~/) ~) \va~ () bse rved by Sarkar et al C:~008) _ from 45 days on\\ ard whell adllli llistcrcd 

30 :ng/L S :;dium- l11da-ar~,cnitc. But more conspicuous decrease in test icul ar wci ght \,\as 

ll l) :cd ,ll .jose level 0 1' 40 mg/J. sodium meta-arsenite after 30 days and signili cant 

l!lminul ion W:CIS fb und on day 60 . lbe decrease in weight of tes tes and accessory sex 

lJ)'g:.ln S I ;avc heen re pon ed in ex per imental animal s rollmving ex posure to (lther chem ical'; 

su·_1! as carboli i!'<.UI (j ' ant ct a!. , 1995). sod ium selenite (Nebbia et a l. . I l)X7 ) <Inc! lead 

(!<,Ol~;" ,lI)d Fhlci ger. ! C)9(j) which arc kJl ow'n to exert tes ti cular and spcrrnatolo:\ ic c:-kct;. 

l'_':;: icu tar si:;:c and \\'e igll t arc normall y regulated by fluid secretion ii'om Serl o li cell 

t, iVHil.l~ S :\I'ld C ladwd l, 1982) and the production of sperm (Aman, 1970) in the 

scm ini krous tl!bulc. The red uced testicu lar \,ve ight and si/.e in the current stud y is 

S Llggcs i '.~ ci d!JC \0 the adverse clTeel 0 1' sodi um arsenite 011 Sertuli ee l! and spcrm 

proci\iClio ll clS \vel l as spermatogenic celi s. !\nothCl' key f~lclor is the reduction in 

tl::; toS,\';( d1C leve l, which ca uses we ight loss in testis (C haltopadh yay ct al .. 1999 ; Chang 

l ~ t al .. 20(7) . Probabl y the deleterious en ect ol'sodiurn arsenite on the tes ticular \,veigbt in 
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presenl s ludy was mainly clue 10 the loss o f' body we ight gain m mi ght be Llw tes ticul ar 

harmon's anu gonado tropins responsibl e ror the reg ul at ion o r tes ti cul ar wc ight. 

SO lll e information is ava il able abo ut the effcct of arsenic on the stru ' tm' and fu nct ion of' 

ep ididym is bu t there is lae l 01' li terature abo ut the adve rse e fTe et of hi gh cl ose or sodiu lll 

arsenite on ra t ep idi dy mis, the present study was designed to achiC\'e thi s goal. In the 

current stud y Ill l.:an epididymal we ight and length o r' gro wing age sodium arsenite treatec! 

rats dec reased signili ca ntl y compared to controls. The epididymal weight and length 

sho\ved the lo\,ves t va I ue at the dose of 200pplll sod i um arscn i te, Other chem i ca I li ke 

c:l dw (i:rJn also showed the same results. Pant el al ( 1995), admini stered ca rbo f'mi:in 

!: l'i.li iy l\i adult male rat s at dosc leve is oC 0, i , 0.2, OA, and 0.8 mg/kg body wc ight. 5 days 

a week , fo r 60 days. /\ s ignificant dose dependent decrease in epididymal ""eight \Vas 

observed at a ll l\ .~ s t doses except the lowest dose. No significant dilTerence in epid idymal 

we ight of tl- I 0 weeks old Sw iss albino mice was noti ced after treating with 4ppm sodium 

"rsenile ior 365 days (Pant et a1.. 2004) and 53.39. 133.47. 266.95 and 533.90~lm()1 

SOC\ii I IH arse nite r'or J5 days (Pant ct al.. 200 I ). The ep id id ymal wc.: ight als() rl'ma ined 

un di'k' ~:kd whc l~ adu lt male colton rats ( 1 04 t4 g) wcre trea ted \"Iith 5ppm and l v pr)1l1 

sodium arsenite in (I!'inki ll g water fo r 6 weeks (Savabieasfahani et ai. , 1098) . Thi s l1l~an :; 

very low dose of" sodium arsenite does not cause any adve rse e Ci ect nn epid idmis 

s ~ r Li c tLi rl' and f'L!I1Uio J1 . in the present study hi gh doses or sod iu rn arseni te (50PPllL 

100ppm and 200pp ll1 ) were used, thus causi ng high damage to th e epididymi s. The 

cpid idY !11is is dependent upon androgen stimulation, there f'ore any co mpound ti1 J! 

decreases Leydig ce ll function 'vvilJ dec rease androgenic concentration in bloocl Clnd re te- ­

testis Iluid , whic h will have subsequent effects on the epididymi s, sperm maturation anel 

!crtili t)' ( I less, 199R) . The observed loss in weight and size of' ep ididymi s may be due to 

lkCi"Ct:ls ,_' in Sperl11 CO Llnt and histol11o rphologiea l changes. 

ill :hf: j.n c~;cn t ~; lud y 50pprn , 1 OOPPI11 and 200ppm sod i urn ar scnl e trealmell t ca w; ('d 

ill gh ly silY ni licanl cl ose dependent reduction in rnean vas e1c Ccrell s weight and length nr 
gro \V ing age ma le Spraglle dawley rats. Hi gh dose (200ppm) showed more adverse efleet 

O il vas dcl~.:: rcn s or' 56 clays old male rats. The present stud y is in accordance wi th the 

stt lcl Y of rVl i:l il cla VCl et al (2 ()01 )~ they obse rved a signifi cant decrease in vas deferens 

\A c igld or c.hlllU milk S\viss dlbinu Illicc (J 5-40 g) f<J llowing 1 25 Illg/kg Il lcrcuri c 
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I; .' , 

chlor ide treatment fa r 4S days, Est. radioJmay also have same c llecI lik c arsenic , Chi no) 

el al ( 1984) illvcstigatcd the cirect of estradi o l benl.Oate (50 ~lg!day/rat f'or 15 da ys) in 

intact male a lbino rats, They observed signifi cant red uction in androge n dependen t 

pa r<.il11ctCl s and hi stology of androgen dependent tissues, 'rhi s led to alteration in rnili ell 

o l' cpididym is and vas defe rens rendering them hostile f'or sperm maturatinl1, metaboli sm 

J!1d 'i ll '/ 1 \':11. as e"ident by red uced spcrm Illotility, all erati on in thei r morphol ngy, whi eh 

I 

i ' l'~ il i! tc ,j in loss o l' lcrt iii ty, As vas deJCrens is also androgen de pendent lIke cpic\ id ) lI1i s so 

tlk r~d llctinn in andmgen caused an ad ve rse e lTeet on vas deferens struct ure and f'unctil)il 

ulJder high doses (50 ppm , 100ppm and 200ppm) of' sod ium arsenite in tIle growing age 

(28 , 56 days () f ' age) ma le Sprague davvley rats. 

In current stucl y Illean plasma testosterone concentrat ion n! ' SO, 100pplll and 200ppll1 

'\ groul)S ell-c rcasecl signi li cantl y in a dose dependent manner in growing age mal e Sl1l'aguc 

etn, Icy rats, T il;.: sall1e dose dependent decrease in testosterone le\le l was reported by 

Sarl;; cir cL al (2003) w ho admini stered sod ium arsenite intraperit.oneally to 4 months nkl 

1ll~1lc Wistar rats at doses 0[",4, 5 or 6 mg/kg for 26 days. P lasma tes tosterone signi li ean!. ly 

c\t:-crea:<'" i l~ raL~ 01' ::; (Inc.! 6 mg/kg gro up, more promincnt in lauer grCJ up hu t sho\ cd )1< 1 

S i ~, I I ;i lc :.lnt ci<.:crCCt se in lo w dose group, /\ simil ar dose dependell ( deercase III plasllla ,:nd 

il'I ,':w:,lieu idl' ,;oncc1l1 rations nl'teslost Tone vvas observt.:d b) Jana et ,d (2006) in l)(J del:. :, 

'.lid male a lbino ,Dts (200-25 0 g body we ight) treated \-vith 5 mg/kg body weight sod ium 

ilrsenilc fCJI" l'oul" wecks. fn the present stud y high doses or 50ppm , 100pplTI and 200ppm 

"odiul'" arsenite were given in drinking water to growing age male rats, thus reducin g 

tc:;wstei'OIlC cO:lCentl·;.1tion even in growing age rats. It is known thm biol og ica l aeli lity of' 

'1 :;[croid ]ll)rmoncs l S regulated by several cll/,ymes including ! 7-beta hyclro.xys teroid 

clcl1 y d!·l ~ .~c nases (11fi -ITSD). Thi s ell/.ymc plays a very important role in tbc biosynthes is 

aile! meta ho!ism or steroid hormones (Pural1en et at.. 1997). Probab ly in present study lilt' 

arsenic Irealmen l altered the act ivity of' testicular en/.Yl1l cs (f lSl)) which ul(illlately 

C;llPP I'l:sSl'd the pla ~mla icvc ls 0" ll:stns terone . This poss ible corre lati on of" arsenic 

trCLtlllll'rll \, .. il!! the inhibition o f" de lta 5, 3 be la hydrox),s (cr()i(l ddl ydn1gt.: nast.: V\ 5-:l r~ .. 

11Sl)) ~\l l d 1 ~Ir- I rS!) ac tivi!.y is strongly supported by the stud y o f' Jana l't al (20()()) . The 

!'CSU( t 0 (" prcst.:nl sludy suggests that decreased levds of 1.1 1 and FSH may decrease the 

~ll'livi( y 01 test icular ell/y mes, which in tllm dim inishes (hc plasma concentrat ion of' 
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testosterone ill arsen ic trea ted rats. Reducti on in tes tosterone leve l causes a weight loss in 

tcstis alld also inhi bi ts tes ti cul ar elli'.ymes (Cha Ltopadhyay ct aI. , 1999; Chang et ai. , 

20( 7). 

I' he dec rease In pi asmC1 testosteronc IS ca used by the ckcrease in p b sma 1.11 

concentrati ons. In male rats c ircul ating ] ,]1 is required fo r maintaining no rmal plasma 

testosterone concentration s (! ~ !li s and Desjardins, 1982) . Arseni c alters stero idogenesis 

h). actin g as all endocrine disruptor. Arsenic as a potent endocrine di sruptor (Sak urai and 

Ilinlello , 200G). a lte ring gene regul ati on by the close ly related receptors or 
i~l ucoco I · ti co i (b (GR.), mineralocurti co id s (MR ). progcs tcrone CPR ), andro gens (1\ 1\ ), and 

cSlrogens ( LR ) at co ncentrat ion as lovv as 0.01 ~lM or 0.7 ppb (Davey et al.. 2(07) . I'he 

los:; in testicu lar weight in arsenite treated rats (SOppm, 100ppm. 200pp1l1) could b due 

the Il)\', le ve is DC gonadotropins and steroid hormones indi cating a direct relati onshi p uf 

testicular wei ght wi th pitui tary- hypogonadal ax is. 

J. I [ sti mul ates I.eydig ce lls to produce tes tosterone within the tes ti s. Tiltratesti cul ar 

k~; t os te l'.m e is an absolute prerequisite for normal spermatogenesis (Matsumoto and 

13 rl' ll1lH.: r 19f{9). In experimental CirCl1l11 stances in wbich the intratesLicul ar testosterune 

conc;,;ntu.lt inn lS reduced a signi lieant germ ce ll death is secn (Kim cL a1.. 2(01). 

The pI\;S ~l1t ...; tll I)' showed Lh aL mean I:S II and Ul concentrati ons decreased .' ignili cantly 

in gn}\·\ in g (2X-:G days) age ma le Sprag ue dav Icy rats whcn trl'dled v\ ith 50. j 00 and 

2()()ppm s\!J ium arsenite v ia drin king \ l,l ater. Tbis reduction was highest in 200ppm 

liLit leLl ra ~ c;, 1\ sim ilar s igni ficant reduction in plasma r SH and I XI was observed by .l ana 

c! ,d ~ 2 0U()) in adu lt male rats when trea ted with 5ppm sodiu1l1 arse nitc [or f'our vveeks. 

S<II-k:ar ct cd (2 0U3) al so found a dose dependent decrease in pl as ma 1:S1] and Lli levels in 

hdul l milk .. ", ista r rats treated with 5 and Gppm sodium arsenite. Like the present stud ) 

rL's Lil ts 0" Sarkar et al (20OJ) also showed adve rse eJleet at hi gh dose leve l. 

in l!· i'.~ cLlnen( study nucicar diameter of Leydi g ce ll and SertoJi cell showed a highl y 

<;iL!.nd! can t dose dependent decrease in all tbe tbree treated (50pplll , IOOpp11l and 

:( I\ )rt~·lll ) groups. The dec rease in nuclear di ameLer was hi ghest in 200p pm sodi u11l 

dr--;el\l [:; l1<.'Llk d hrz) uj"' Sl:r[o li cell is under the control 01 I:Sfl. So the cicCI"casc in the SlIT 

01 ' :-';C llOli cell Illay be clue to I'S i I dimi nu tion in the e ll rrcnl stud . Te~ l. icL1 l ar size and 

\ \l'l~h : arc no rm all . regul ated by I'l uid secretion from Sertoli cell (Waites and Gladwell. 
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I CJ!Q.). Thus the n.:ducccl tes ti cul ar we ight and sii',c in the current stud y may be due t() the 

adve rse e flCct of sodium arscnite on Scrto li ce ll. The nuclea r diametcr of I ,eydig ce ll was 

studi ed by SarkaI' ct al (200R) in adu lt Swiss albino mi 'C . They observed the cflec t of' 

sod ium-lll eUElrsen itc 0 11 mi ce (25 I 30 g) at dose Icve l of 30 mg/ I, and 40 mg/l , through 

drin ki ng watcr Co r 30, 45 and 60 days . "J 'hey observed marked variation in Leyd ig ce ll 

nuc lear diamctcr in both of the treated groups. Thc nuclcar d iameter s igni fieant l), 

increascd in bo th the trcatcd groups initi all y in 30 days. but la ll owed a slow and gradl lal 

decrease ovcr 60 days . The exogenous exposure of male rats to sodium arsen ite 111 (1), 

cmlse ,{ chem ica l strcss on the cc ll ular Cu nction. So the changes in nuclear sii'.e of I,eydig 

celll11ay be as a res ult o f' this chemi ca l stress . As the I ,eydi g ce ll play an important ro le il l 

teslostc l'On e produc tion undcr 1,]-] rcgulati on (Sharpe et aI. , I (92), so these changcs in 

I,L'ydig ce ll intern decreased androgen concentration in sodium arsenite treated male 

Sprague da'v"Jey rats in currcnt study. 

Sem inif'e ro ll s tub ule d iametcr and its cpi thcli al hc ight dcc reascd highl y signifi cantl y at al l 

the dose levels. Thc high (200p]1m) dose showed more pronounccd effect on these 

p; iI' ~lt11eters. The present study is in line with thc find ing of Sarkar et al (2008) in :: tdult 

Swiss albino mice . They found a significant dose and dura tion dependent r'd uction in 

semi il i fC ruus I.ubule diamet"r of 30 mg/L and 40 mg/L sod ium-mcta -arsenite treClteci mi ce 

over a pcri od of ()O days . The reduction in diameter oC seminiferous epi thelium is dul' (0 

(he di~; integrat i () n and red ucti on in nu mbcr and s ii'c o f' spermatogenic ce lls. Mehranjani 

,1i'IJ I !clll ;Jc!; . (2007) also reponed a s ignifi cant dec rease in sC l1li nik rous tubuk d iameter 

;);-1<.1 f!. l'l'mi;l a! epi thc li um thickness of vesectomiscd adult male Wistar rats (200 I 20 g) 

t!"c:tt :c1 with 8 mg/kg sodium arsenite for 8 \'\leeks. Since FSH inhibits normal 

li-:g l..:ncrGll. io l1 of germinal cells (Chattopadhyay et al., 1999), and reduction of testos terone 

kvci icad ( 0 the separat ion o f' germinal cell s from the epithelium of' the se mini f'cro li ~'; 

lubules (.1 arO\-\ e t al. , 19X 5). So tbe reducti on o f tes tosterone and r S 11 in the current study 

cou ld Ix ' a reason for thc s igni fi cant reducti on o f seminife ro us tubule diameter and 

thj ckllCSS ,) [ germ ina l epi thelium. 

In curren( study the di:lmctcr of spermatogoni a, prlmary spermatocytes, secondary 

spcnnalocytcs and spe rma tic! dec reased hi ghly signifi cantl y in all thc three sodium 

arse l l i ~c lrca led groups com pared to controls. The adve rse cfkcl was lll nre pronour,ccd il 
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hi gh dose group. The: number of" Leydig, Sertoli and spermatogen ic cells was obscrved to 

be decreased. Thi ckness of tunica albuginea reduced with the increase in the dose or 
sodi um arsenit e. The interstitia l spac S IN I' " t nd d and spermatogenes is was disrup ted 

ina dose de pendent man ncr. In 200ppl11 sod iUlll arsen i te treated rats there v, as 

degenera tion Llt X Il to X lV stages of' spermatogenes is. l"ew elongated spermaticl s were 

present. I'he chromatin of somc primary spermatoeytes were f"ra gmented (i n I OOPl1m and 

200ppm snd iulll arscn ite treated groups) and few ex hi bited necrotic changcs (200ppm 

treaL l11 cnt group) . Few atretic seminiferous tubules were also observed in hi gh close 

trcated group. Arulclhas et al (2005) also observed fragmentation ancl necrotic changes in 

pr imary speflllatoeytes of adult monkey (Macaca radiate) treated with chrolllium (100, 

200 and !~OOppm ) 1'01' s ix mon th s. Spermatoge nesis in the rat is a hi ghl y ordered process 

(h.:c urrin p. in 14 stages . each cnrresponcling to a characteri stic ce llular dss()ci at;Oll 

(I ,ebi(l nd and Clerm onl, 1952). The germ ce ll s in the ad luminal compartment arc hel d in 

positi lHl by the characte ristic in1er-Sertoli ce ll junctions and the Scrtoli ce ll-germ ce ll 

junctions (G riswold , 1995 : Bardin et ai. , 1994). These junctional conlp lexes arc 

Ill ai lllainl'd by cytoskcltal clements and the cctoplasmic specia li /.a tion of" the Scrtoli ccll 

C.' tOl'bsm (Bardin (' l al. . 1994) . I:Sl r and tcstosterone both regulate the f'ormallull or 
'cloplas ill ic spec ia li /Gl li on (Slul a ct 211. 20(6) . As in the curren l study both F. II c.l rk 

tes tosterone dec reased with the increase in the dose of sodium arsenile, whi ch Ill ay be a 

r~asu n Cor the disturbance of these complexes in testes of treated ra ts. 

Spo l1 taneous germ ce ll death during spermatogenesis is an important event th a1 takes 

place mostly at somc spec ifi c stages of' the spermatogenic cyclc, main ly stages XIV and 

_ I ! ancl. to a lesse r degree, at slages I, VII. and VIII (Ilucki ns and Oakberg. 1978: Kerr . 

I l)9 ~~ f3 Ial1co-Rodrigue/ andl\llart inez-(Ja rcia, 1996b). The occurrencc o f' increascd germ 

ce ll 'Jpo ptljsis under several circumstances, such as hormone deprivation particularly 

kstc~;tero ne and gonadotropins (Tapananinen et aI, 1993 ; TIemiksen et aI, 1995a, 1995b: 

S i nh a·f tik im et a l. 1995: Blanco Rodrigue/. and Marti nez-Garcia, 1996a: 19CJ7a) , 

C\ pcri~ncn tat chryptdl-chidi slll (S hikone et al .. 1994), and mi le! hypmhefm ia (BI,:lI1co-

1~()drig Lic /. and Martinc/-C;urc iu. 1997b), ha ve also been reported . The re!c, ance oj' 

ilh.: reascd Clpoplos is in thc pathogenes is o f' a num ber of' hum an di seases has been 

cJllph a~, i /.cd (Thompson. 1995) Probably as many as one in threc of all cases o[ human 
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male infertili ty can not be ex plained by reaso ns such as chromosome abno rmaliti es or 

endocrin e: (Iysfunction (Wong, 1(73) . In these idiopathic male infertiliti es . the male ofkn 

produces a lo'v\' number or spe rma toi'.oa . sll go'sting an imbalance bet\,veen cell 

prolilCratioll and ce ll dcath. Thi s scems to be the case with male infe rtiliti es caused b) 

1~lldncrinc dysl'ull ction or cryptorchidism, since gonadotrop ins and tes tos terone 

withd rawa l CL"a panainen el ai, 1993; Billi g et ai, 1995; l-Ienridsel1 et a i, 1995 Sinha-l Ii kim 

Cl ai, i 995) and experimental cryptorchidi snl (A ll an et ai, J 987; Shikone et al. 1994) lead 

to a dramatic increase in germ cell apoptosis. In the present stud y the degenerati on at the 

particu lar (XII -X IV ) stages in the treated rat testes may be duc to the increased apoptosi <; 

as a result of decreased testosterone and FSLl concentralion. 

Througho ut their development from spermatogonia into fully differentiated spermatol'.OCi. 

the germ cells are nursed by the enveloping Sertoli cells. From Sertoli cell reconstruction 

st ud ies , it has been calculated tbat about 50 germ cells of four different ce ll types arc 

embedded ill the sur face of each Sertol i ce ll (Weber et al. . 1983) . The re f (m~. s ince Scrtoli 

cell s arc the ma in targc l of I:SJ j and tcs tostcronc. th cy should be suspec ted as bei ng th..:: 

lxinw ry cell type alTected by the depletion of these hormones, with ge rm ce ll apopLOs i ~, 

am.! delachmeilt [rom the seminiferous epithe lium being simpl y a consequence 01" effccts 

Oil the Serto li ce lls. Tn the current study the germinal epithelium became thin with 100"' ly 

a1Tang"d ~ p('rmatogc ni c ce ll s. Thi s damage may also be due to the alteration in the 

,iunct io nal complexes and the cytoskelcia l fram ework of" the Sertoli cell s. Serloli cel ls 

itsel f beco min g a target 0 1' the toxicant cannot be rul ed out. 1.1 1 and FSI [ arc required Ii)! 

the i ni tialion and mai ntcnance of spermatogenesis in prepubertal and pu bertu I rat s ' 

(C h0wdhui'y, 1979) and for quantitatively normal spermatogenesis in pubertal rats 

(Russe ll cl ,\I. , 1987). Besides thi s the ge rm ce ll degeneratil)11 by arsenic may be due to 

ll)\ \ JIltralc ~; tj(;u lar tes tos tero ne coneen tmtion, as hIgh leve l of" tes1oste rone is required 10:' 

tile mlllliLCIU n(C of" structural morpllolog: and normal phys iology of" sC lllini lemus Lubule 

(Shell'pc et al.. 1988 ~ Sharpe et al. , J 992; Blanco-Rodriguei'. and Martinez-Ciarcia, 1998 ; 

Perc,- d ctl .. 2006). Testosterone is needed [or the continued production and Illaintenance 

o f di rkrent generation of germinal cell s in the seminiferous tubules (Santen. 1999 ; 

Weinba l.lcr e t <I I . 200 I ), therefore reduction of testosterone levcl may lead to the 

separal ion oi'gcrminal ce lls from the epithelium oCtil e semin iferous tubules (Jarow cl al.. 
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19R5), Itma)' be suggested that the dec rease in I ,eyd ig ce ll nuclea r di ameter and it s shape 

\'llriat io l1 in current study would havc rcsulted in decreased syntheses or tes tosterone, 

whi ch in turn di sturb thc process o r spcrmatogenes is, It has air a ly b n stablish cI that 

Leydi g ce ll plays im portant ro lc in thc structural and f'uncti onal integrity of sClllinirel"OllS 

tubu! ' s and testostcrone synthes is, whi ch is the main component o f' regulat ion 01' 

spe r1l1ato gc n e~i s (13artke. 1991: Stei nberge r and Ducke tt, 1965: Sharpe ct al .. I ()() O), 

I.evdi g ce ll s along with germ ce ll s have becn identifi ed as the main targets 01' meta l 

cylotox ic i ty leading to a rcduced steroidogcnesis and , thereby, d isruptioll or 

spermatogenes is (Laskcy and Phclps, 199 J). Lcydi g eells are undcr the control of LB. 

Thus red ucti on o r rSI T and UI and a consequent reducti on in tcstoste ronc product i0n 

ma y. therefore . be held responsib le f'or thcse arsenite-induced changes 111 

spermatogenesis, 

C;e rlll ce ll s at d i f'ferc nt stages of dcvelopment rcquire spccific nutrients, such as lactate. 

pyru vatc, rat)' acids and rcgulatory peptides (de Krestser and Kerr. 1994) , In the present 

study arseni c toxicity probably affects the sup ply o f' such specific nutrients and/ or 

reg ulatory substa nces requ ired by meioti c/ post meiotic germ cell s. resultin g in thei r 

prCllldll1!C dea th , 

In the current stud y the tubu lc diametcr and epitheli al height ur cpid idymal caput. corpus 

and cauda dec reased significantly compared to controls. Sodium arsen ite also caused 

his to rll orphological changes in the three parts of ep ididymis, The size of principa l and 

hased ce lls decreased and inte rtubu lar spaces enl arged in the epithelial caput, co rpus and 

caud<l ,)/' a ll trea tcd groups comparcd to contro ls. The cp itheli ull l or capu t in 50ppm 

sodiulll arscnite trea ted group was like control s except that the si/.e of ci li a becamc short. 

Thc caput or 100ppm sodiull1 arsenite treated gro up had irregul ar nuciei of princ ipal and 

basal (; (;ll s. short and rare cili a. In 200ppm treatm en t group thc epithelium of' Gaput 

hC c'(\l ' l C Lolumnar with round nuclei of'pr incipal and basa l ce ll s, Cili a were absent and the 

lunicil had ce llu lar debris , SOlTle atrctic tubules we re also observed, The co rpus in 1m,\, 

dose (5 0n]1 l11 ) group had irregular nucle i or principa l cells and shall cili a. There was 

di sa rrangemcnL or IJrincipa l cell ' s nuclei, The corpus o f' 100ppm sodium arsenite treated 

rat~ ~)h() wed !l altcned nuclei or principal ce ll s. round or fibrou s nuc lei or basa l ce ll s 

a lm ()~ l i r~disli n g lli s h a bl c li'orn surrounding illu SC Ie layer and r(l re or no cili a, ['hL' 
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epithe li um became cube icl a l compared to control s and low dose treated group. The 

co rpus or hi gh closc (200ppm) trea ted group became cuboidal anci thc nuc le i o l~ princ ipal 

ami basal ce ll s wer' round . The l1U ' le i or princi pa l ce ll s were di splaced toward s the basal 

ceil s. There were no c ili a. The lumen of high dose trea ted group had ce llul ar deb ris and 

some atretic tul)liles were a lso observed. The last portion (cauda) of epithelium in 10\-\ 

dose (50ppm) group bad irregular nucl ei of principal ceLI s, triangular nucl e i or basal ce ll s 

and short cili a. fn cauda o j' 100pP111 sodiulll arse nite treated group ro und nuclei of' 

principal ce lls and e longated nuclei 01' basa l ce ll s we re present. Rare ly any cil ia we re 

present. In hi gh dose (200ppm ) trea ted group there was obse rved hypertroph y ill the 

epi did ymal cauda . The nuclei of principal and basal ce lls were round and ce llul ar debris 

was observed in the lumen. No cilia were present. Some atretic tubules were also present 

in 200ppm treatment group . Similarly Murakami et al (1976) studied the epididymi s or 

castrated Japanese l1lonk ey~; (Macac us ruscatus) . They reported that epithc lium decreased 

in hl'i[!,ht , c ili a reduced in length and in numbcr and the princ ipal ce ll s lini ng the 

epitbclillrn became cuboidal. !\dmininistration of testosterone to these cast rated monkeys 

resulted in a ll1lost complete recovery of epididymal epilhelium as 'vVe ll as regcn ration oj' 

l:ili a. Other chemical li ke cli cthylstilboestro l (I)J ·: S) also shcn"ed the same dTccts . 

.'\ tana~so\ a -.:t al (2005) observed C' lllllar debris in the epiclidynlu l lumcn or 1 0 ~lg, I)LS 

treated neonatal (days 2- 12) Wistar ra ts. f3a trall et al (200 I) repo n ed damage or the 

epididymal basement membrane and di so rgani za ti on o r epithelium in adt tlt rats trt::l ted 

wi th higher closes o[ lead ( to, 50 and 200 mg/kg body wei ght). Similarly Pandcy et al 

(! C)99) obs 'rved no change in eaput but clegenerat ion of epitheli al cells in epididymal 

cllida 01' nicl el sulphate (5 and 10 mg/kg body we ight) treatecl adult Swiss albino mice 

(for 35 days dmation) . Tbe situati on in the present case may be due to a hormonal 

ijTl bal ancc consequent of sodium arsenite treatment, as epididymi s is an androgcn­

dcpcllclen l organ (Ro baire and B ermo, 1988). Le.i ct al (2003) observed morphologi cal 

phenotype in knockout animal s as: decrease in luminal diameter or the proximal and 

di~; lal ;:c.put and cauda, the dec rease in the height of principa l ce ll s and the nu mber of' 

cl.'lls CO llldi!ling c ilia. a decrease in c ilia length and change ('rom basa l to central I )cal i,)U 

o f' nll clt..:i in the princ ipal ce ll , the biochemical phonotype as: a decrease in peri odi c acid ­

Schi rr react ion pl'llc/uel, reflecting glycogen and glycoprotein synthesis and secretiol1 . and 
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decrease in andmgell receptors, The)' reported that a fkr 21 clays teslOsterone rep lacement 

therapy in 30 days o ld lwockout animals rcvcrscd some, but not all (lum inal diameter. the 

perce ntage or cili ate J prill ' ipal " li s in apu t pididymis and nuclear and rogen receptors 

loca li /,ation) phenotypcs, indi ca ting altho ugh and rogens arc important far normal 

epid idy mal morphol ogy and ru ncti on, but I,ll cou ld also be rcquired ('o r certain racets o r 

epi didymal 11lorphology and/or function, In thc cpididymis, thc prcsence of mi crovilli on 

the ap ica l s url~lce of principal cells all ows for the proper transport of ions. so lutes. and 

wat r across the epididymal cp ithclium as thesc structurcs exprcss vari ous pumps, 

cannels and transporters and in thi s v\;ay maintain thc luminal mi crocnvironmcil t (Wong 

ct a1.. 1002: Turner. 2002; I !crmo ct at. 2005) in a manner that is essenti al ro r thc 

ma turdtion spcrmatol.Oa (11c rl11 o et aI. , 2000 ; [!ermo and Robairc, 2002; Brclon, 2003). 

Micl')vi lli composed of parall cl actin bundlcs (Bartles , 2000), Espin is a componcnt or 

microvilli (13artles , 2000) and is rcgulated by high doscs of testostcrone (Primi ani ct a1. . 

20(7 ) becausc lcs tostcrone Icvels in thc lumcn of thc cp ididymi s arc approximatc l) 10 

tim(;s hi ghcr than in the blood (Turncr, 2002), Thus thc dccrease in tcstosterone and 

gOI1i-ldo tropi ns wi tl1 the increascd doscs or sodium arscn i te arJCcted the Slruct li1 (; al1 ~ i 

functioll or ep idi dymis. The reduction in thc viabl c number 0(' epididymal sperm ill t1 i;,; 

I resent situation also rcOectcd th is damage, 

The pscu<-iostrat iried epit.helium of vas dercrcn s consists mainl y o r small hcmi spherical 

baSed cells and col umnar princ ipal ce ll s \;v iLh tall mi cro villi (Popov ic ct al.. I 97] : Il o l 'i ~~ r. 

I ()76 . Rcgadera et a I. , 19(7), The principal ce ll s possess the machinery ror C nd ()cy lo ~is 

and meroerinc secretion. Electroll-densc traccrs inj ectcd into thc lumen of thc rat vas 

dererens were found in coatcd pits and vcsicles, cndosomes, multivesicular bodies and 

iysoc:orn cs, whi ch together with the presencc of endocyt ic receptors on the principal cell 

S llrr~l(,C. suggest that thesc ce ll s arc invo lvcd in the endocy tosis 0(' substances ('rom the 

lu men (I:fi end and Farquhar. 1967; Tlermo and dc Melo, 1987 ; !\ ndonian and l1crmo. 

1 ()9C) ~:), Ill"lrnul1ocytochemical and radioautographic studi es indicated t.h at principal cell s 

s),ll thesi /,c and secrete glycoproteins into the lumen via the classica l merocrine manner 

in volvi ng secretory granules (Westrom and Hamilton . 1984: Burkett et a1.. 1987; 

[Ja:lhu liX cl a l. . I ()90: /\nclo ni an and Jferl11 o. 1099c), Th vas deferens or rat also 

:; \ ' lli lc.; i/\'S d i ITcrenl sub1.ll1i Ls of gllltath ionc S- tran:; I'c rases to protect sperma t% a \" hi Ie 
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they an: <; tored ;lI1ci / o l" lram;porteci th wugh the vas elL- ICrens (A ndon i a nand II er l11 o. 

1099h). I he ClllTl' nt in ves li gation showed u significant decrease in vas defe rens di ameter. 

muscu lar th ie! ness and pith ' li Lt! h ight. Th high st rcd uction vas observed in 200ppm 

trl:atment group. I Ti stomorpho logica l study showcd looscni ng in thc cc ll s of muscularis 

LInd d cc rc ~lse in s i/'c of pr incipal and basa l cell s nuclci. In 50ppm sodium arsenite treatcd 

group thc princ ipa l's cc ll s nuclci wcrc towards thc basal cc ll s comparcd to the luminal 

principal ce lls nuclei in controls. The ci li a werc dcnsc but short. In 100ppm treatment 

group somc nuclei of principal cclls wcrc elonga tcd but most nuclci of princ ipal and basal 

cc ll s we rc irrcgular in shapc. Thc cilia were sparsely arranged. In hi gh dose trca tm cnt 

glw-,p the epithclial cclls wcre disorganizcd with scattcrcd nuclei or principal and basa l 

cells. i'lll' nuclei of" pri nci pal cc ll s werc ro und and basal cells vere tri angul ar LInd 

polygollCd . Ihcrcv\crc rare Dr no ci li a observed in the lumcn or hi gh dose Ireakci group. 

Wright und Ilamicli nia ( 198 3) rcported shortcning of princ ipa l cells, along with a 

dec reased numbcr and SilT of microvilli in thc vas defercns prox imal to thc vasectomy 

site. 'I he synthesis and sccrction of proteins by thc vas defcrcns have been demonstrated 

to h,: undrogen dcpendcnt (Pailhoux et aI. , 1990). Morcovcr luminal nui d is esse illia l C;}r 

till; nlmna! integri ty or' the ep itheliulll (l ierm o and Mora les, 1984). In the current stud> 

morphological changes in vas defercns may bc due to the decrcase ill concentrat.i II (II 

LL:stnstcronc as vas deferens is tes tosterone dependcn t. 

I Jai I) sperm production and its effi ciency in the present stud y deercased signiIicantJ y tn 

'! (' d iuJ"l1 rtrsc ilitc treated rats. The deercasc in daily spcrm production and its dTiciene y in 

male Sprague elm,vley rat s being morc proround at the hi ghest dose. Other chemical s like 

propyl pa rabcn also has thc same effect. Oishi (2002) observed a signiJi ca nt decrease ill 

dai ly :; !il:rm production and its effic iency in testcs of three v,leeks old ma lc Wisle r rats 

after ~lC: lr~ini s lering propyl pcu'abe n for la ur wccks. Exposure to arscni e can produce 

dramatic .. fle ets on rcproduction, resulting in decreasc in fcrtility, which may be 

;.l.~~) Ol: id ted with a dro p in sperm production and an increasc in dominant lethal mu tat ions 

in n lfs pring. predis pos ing future generations to risks s lIch as cancer (Lord , 1999). The 

rcducl iull in sperm co unL is co rre lated with dec rcase in we ight, atrophy of test is and arrest 

OJ ~~J1cn nat()gen es i s (Chinoy ci a1., 1984) In add itio ll a decrease in testos tcrone lcvel can 

a lsf) :lc('ou n l In r decreased J)SP in treated raLs. Androgen receptors are ligand-acti atec.! 
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tl'~lI1sc ripti o n [~l clo rs that regulate genes involved in deve lopment o r the male urogenital 

lrllCt. secondary sex UCl I characteri st i cs . and sperm prod Ll cti on. Since the and ro gen 

receptors pia I a critical role in male Ic rti lity it ma) be a t ~lrge t or ill'S 'n ic to ' i 'ity il til' 

uroge nital tract and thus me reason of" reduct ion in sperm pruduction . 

Sod ium arseni te treatment in the present stud y al so caused hi ghl y signili cant reducti on in 

epid idy mal sperm cO llnt and this reduction was highest in 200ppm sodillm arsenite 

trcaLed group. Pant et al (2001) also observed dose dependent efrect in mice. They 

documcnted that sodium arsenite treatm ent ror 35 days at low doses (53.3 9. 133.47. 

266.95 ~lm o I /L ) caused no signifi cant difference in epididymal sperm coun t or 35 day~; 

old micc but at hi gh dose leve i (53 3.90 pmo l/ lJ) caused a signi ficant decrease in 

epid id ymal sperm co unt and motility along wi th increase in abno rmal sperm. Ilowever in 

ano ther study Pant et al (2004) observed that chroni c admini strat ion (for 365 days) of low 

dose (53 .39 ~llno I /L) sodium arsenite to 8- 10 \,veeks old male Sv,/iss albino mi ce ca used II 

sign ificant cb :rcase in epidi dymal sperm co unt and sperm motility. SarkaI' ct al (2003 ) 

als(1 fo und that epidid yma l sperm count signi fi cantl y reduced in 5 and Gppm sod ium 

ar'; ,-'nite treated male Wi star rats but not in 4ppm trea ted rats. Pandey et al (l999) I()LIIIC 

reduction in epididymal sperm count in adult Swiss male albino mice wben trea ted with 5 

,md 10 I11 g/kg bo Iy we ight ni cke l sulphate. The sperm co unt also decreased significantly 

whl'n 90 days old (200-25 0 g) Sprague dawley rats wcre trcat0ci with 5 mg/kg bod) 

~e i ght/day sodium arsenite ror 4 weeks via drinking water (Jaml cl al., 20(6). I Iller·· 

Serlo li ti ght junctions may be aCCected by metals with consequent exfo li ation of immatu re 

ce ll s into the lumcn of seminiferous tubules and reduction of' viahle spe rm co unt in the 

epididymi s (McClusky, 2008) . The diminution in the epididymal sperm count in arsenic 

iJelted an im als may be clue to the lower concentrations or testostcrone as the sperm 

production in testis and matu ration in epidicl ymis is uncl er thc control or l es to ~)tC!'O !I L' 

(~harpe ct a l. . ] (92). 

rscni c was present \11 apprec iable quanti ty 111 the male reproductive organs even in 

cOl1 ilol uni mals und it becamc clear rrom thc current stml y tbat 50ppm , 100ppm and 

20() PiJ111 s()di ulll arsenite administration in drinking water to 28 days old rats ror 4 weeks 

resulted in significa nt amount of arsenic deposition in tes tes, epididy l11 es, vas dekrell s 

and bl ood. The accumul ation or arsenic was hi ghest in 200ppm sodium arsenite trcated 

1 ·"'1'") 
I .. _~ 



/ )iSCi.'ss iO /i 

rats. The same results were rou nd by Pant et al (2()0 ,~) . \,\hell trea ted Illlce '" ilh 4ppm 

sod iulll arsenite for 365 days . Pan t et al (200 I) noti ced arseni c accum ul ation at 13:3 .44, 

266. 95 and 533 .90 ~ll11 o l / l , dose levels: however such an rG ,t was not obsrved at low 

dose Ic \' L~ 1 (53 .39 ~lmo l /L). /\cco rdingly Pandey et al ( t 999) reported an increase in 

tcs ticul ar und epididymal nickel acc umu lation of aclu lt Swiss albi no male mi ce (25 15 g) 

al'ter adlll inistering nick el sulphate at dose or 5 and I () mg/kg bod) v" eighl. In till' blood 

arsenic accumulates prefe ren tiall y in RI3C s alkr be ing trans l'orllled to I)M/\ in li ve r and 

olher organs/ ti ssues (Shiobar et a I. , 2001 ). Similarly in the current study hi gher 

conccllLration o r arseni c was reported in the blood compared to that of reproducti ve 

organs. Acc umu lation of arsenic in rats blood is grea ter tban human due to comparable its 

long hC't1/' life (60 days) in rats. The degree or arsenic acc umul ation in the ma le 

reproductive organs of trea ted anima ls was observed as ; Vas del'c rns > I':pididymi s > 

Testis. suggesting organ and dose dependent ro le or arseni c. The presence or arse ni c in 

tisslle of' norm al auimals may be due to the co nsumption or food , \ovateI' and air 

contaminated with the traces of thi s universally di stributed metal in the env ironmelll 

(K ri si: mlmurllly and Vishvvanathan . 1990). The accumul ati on 0 1' arsenic in the Cli lTen t 

study in testes. epidiclymes and vas del'crens. caused ce llul ar d;sorg~lll i/.ati()n . Ilccmsi:,. 

atrophy and other morphological changes in these organs as reportcd by Di xoll (1986). 

The comel assay is a sensi tive measure in individual sperm nuclei , to determine "" hether 

or Ilot all ce lls within a population show the same degree of damage. Onl y rew studies are 

available in whicb comet assay has been used to assess genotoxic damage to male gcrm 

c...: ll s arler in vivo exposure to testicul ar genotoxicant (Anderson et al.. 1996 ; llaines ct 

al., 2001 , 2002). 

COJl1mon ly used parameters to measure the ex tent or DNA damage are tail length . 

reluti ve fluorescence intensity of' head and tail ex pres~ed as (X) I) A in tail and tail 

lJ'iOlilt'nt (Co ll ins. 2004) . ). In the CUITeilt study di fTerenl parameters incl uding comel 

le ngth dnd hei ght. head diameter, comet head and ta iJ DN/\ perce lltage, tail length . lail 
.JI 

ll1 (\m cn l and o li ve moment were measured . All these parameters exhibited dose 

de pendent response in treated groups particul arl y in h igh dose groups compared to 

conlrcJ l ·me.! low clost: groups. On ly one or two parameters o r comel assay we re stud ied 

witl! rcg:'lrd to arsclJ ic treatment in reported literature. 
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Discussion 

In the present study 50ppm sodium arsenite treatment resulted in a non signi fi cant 

increase in tail length , (X> D A in tail and tail moment while 100ppm and 200ppm 

sudium arseni te ca used highl y significan t increase in DNA damage vv ith re lc rence tn all 

the three paramete rs i. e. Tail length. (Ycd)N A in ta il and tail moment. In casc 01' conll.:t 

length. comet height and comet head diameter, all the three doses caused hi ghl y 

signi ficant increase compared to contro ls. The observed e[fect was more adverse at hi gh 

dose (200 ppm) level. lJapl oid and euploid male germ ce ll s can be differentiated by head 

diameter (Morgan et al. . 1998) . Morris et al (2002) used the length o[ tai l to detect the 

e lTeet or ill vitro irradiati on and chemotherapy upon DNA damage in sperm s (il a ines et 

al. . 1998; Singh and Stephens, 1998 ; Challerj ee et al.. 2(00) . Irvine et al (2000) measured 

tail length, pereentage D /\ and moment but documented results onl y [rom percentage 

ta il J)N/\, presuma bly because this measure gave beller discrimination in their analys is. 

Ta il n)()l11 ent is a product o[ both, percentage DNA in the tail and tai l length and so there 

i:, the p lssibility that induced effects may be masked. For examp le. i [percentage !)N /\ 

decreases and ta il length increases. thi s wo uld result in stab le tail moment. The rcfc)I"e , 

when Llsin g tail mom ent as a parameter o f' 0 A damage. da ta on tail length Il;-ld 

pcn:entagc I)N :'\ In the tail shoul d also he pl'ovicl ed (Ti ce ct aL 20(0). 

11:1nll ~ t al (200 1) ad mini st 'r 'd mic orally 0, 0. 13 , 0.27 , 0.54, 1.08.2. 15.4.:; :\Ild 6.~:' 

n:gikg b;){.iy \\ eight of arseni c trioxide and co llected blood sampks at 24, 4S . T? h. first 

,t!1d second wecJ post treatment. Arsenic trioxide from 0.13-2.1 5 mg/kg bod y we ight 

induced s ignificant increase in eomel tail length at 24h post treatm ent and a close 

dependent decrease in hi gl1er doses (4.3-6.45 mg/kg b.wt) . They observed that all doses 

caused ~ 1I1 increased in comet tail length at 48h post treatment and a gradual decrease in 

[hi:, parameter fo r a ll doses at 72 h post treatment, indicating a non-linear dose and time 

respon:se relationship between DNA damage and different doses of arseni c trioxicie at 

diffe rent time in terva ls. Tn the present study significant increase in comet tail length was 

seen in ac,cn iLe treatment group particularl y at hi gh dose leve l. Current inves ti gat ion 

suggl.,·, tcc! (he rela ti onship betvvcen arseni te trea tment and DNA damage in epi d idymal 

SPCrIlIS . 

In th e: e l."l rrcnt stuci y Sodium arsenite (50ppm, 100ppm and 200pp) treatment caLlsed 

sign: tieanl decrease in mean comet head D A percentage in rats compared to control. 
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Mean comet head DNA percentage showed highest decrease in sperms 0(' rats treated 

\",ith 200ppm sodium arsen ite . Oli ve moment increased non-signifi cantl y in 50ppm group 

whil e thi s increase was hi ghl y signi (j eant in 100 and 200ppm groups, being hi ghest in 

200 ppl11 sodium arsenite treated rat sperm. Ahm ed et aI. , 2007 noti ced that ta il related 

parameters, such as, comet length , tai l length, comet tail D A percentage. tail momenl 

and olive tail moment, reDected the sperm DNA damage whereas, comet head DNA 

percentage and intact DNA number represented the sperm DNA integrity. 

Arsenic promo tes DNA damage by inhibiting the en/.ymes invo lved in DNA repair, thus 

lead ing to the alterati on of' I)NA repli ca tion and repair mechani sm (Snow, 1992) . 

Tri \'(.li ent arsenic metabolites arc capab le 0 (' interac tin g with ce llul ar ta rgets induc ing 

D A damage including double strand breaks (K itchen and Ahmad. 2003 ; Wanibuchi et 

aI. , 2004). 

DNA single strand breaks in the male ge rm ce ll co uld be detected onl y in the presence of' 

proteinase K. It has been suggested that DNA damage may ari se f'rom abort ive apoptosis 

within the ge rm ce ll s 01' the tes ti s (Sakkas et al .. 1999), or thi s is a post tes ti cular e f'Cee t 0(' 

rree I'ad ical s generated with i n the reprod uctt ve trac t (Ai tken, I 999 ~ Yamanaka ct a i.. 

2(J0 2) In the current investigat ion the DNA damage caused by sod ium arsenite may be 

due tn: 

(i) Inhibition o('various enzymes involved in DNA repair and expression , 

(ii ) and possibl y by: inducti on or reac ti ve oxygen spec ies (ROS) capable 0 1 

infli cting DNA damage. 

Ox ida ti ve stress cff'eets the integrity of sperm chromatin and ca uses hi gh f'req ueneies or 

single and double strand ed DNA breaks(Ai tken and Kraus/., 2001 ; Saleh et aI. , 20(3 ). 

There is signifi cant positive corre lat ion between sperm DNA fragmentation and the leve l 

of reacti ve oxygen speci es in testicular ti sslle (Rajesh Gt aL, 2002) and in semen (Ba rroso . 
et al.. 2000 ; T lenkel e1 aI. , 2003 ). Arseni c cause chromosomal damage but unable to cause 

direct mutation s, led to the concept thaI arsenic promotes DNA damage by inhibiting 

DNA repa ir. Snow (1992) reported that arseni c inhibited the enzymes invo lved in repair 

and thus led to the alteration 01' DNA repli ca tion and repa ir mechani sm. Inorgani c arsenic 

induces gene expression of' a number o r stress proteins such as ubiquitin whi ch resultcd in 

altering the DN A repair mechani sm ca ll sing DNA damage (l3ond and Schl esinger, 1985: 
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Parag et aI., 1(87) . /\scorb ic and I"o lic ac id provide a major role agai nst metal induced 

ox idative stress sperm damages (Aeharya et aI. , 2002 ; Yousef et at. , 2006). G lutath ione 

(CS II) a lso prov ides major protection aoainst meta l to .' icity (Uek un et aI. , 2002 ). 

Deple tion 01" glutathione be low a critica l n ti ue increascs lipid perox id at ion evoked by 

endogenous substances. It results in oxida ti ve stress leading to induction 01' ROS that pl ay 

a key rol e in damaging DNA. Inorganic arseni c is reported to deplete ce llul ar glutath ionc 

level s and induce oxidat ive stress (Ma tsa ui et al.. 1999). Accord ing to ll ei et a l ( 1998): 

Nordenson and Beckman (199 1) inorganic arsenic is responsible far D NA damage by 

inducing ROS in mamma lian ce ll s. The DNA damage in the present case may also be duc 

to the de piction 01" glutathione and with resultant induction 01" oxidativc stress . 

I:rom the present study it may be suggested that sodium arsenite treatment impairs male 

reproducti vc sys tem. It is concluded that sod iulll arsenite adversely a fTected the bod) and 

organ (tes tes, epididymes and vas deferens) "veight, size and their structural and 

J"u nctional variati ons. 

CONCL USJON: 

The body ,,\ cight gam decreased dose depcndentl y in treated an i mal s through out the 

stud ) peri od. Sod i um arseni te treatment i mpa irs the structure and function 0 f male 

rep roducti ve organs (tes tis, epididymis and vas dcferens). Daily sperm product ion and 

epididymal sperm count also affected bad ly by sod ium arsenite treatment. With the 

increased doses of sod iulll arsenite, there was increase in depos ition or arse ni c in testes. 

epididymes. vas deferen s and blood or trea ted rats. DNA damage in the epididymal 

sperms was noti ced by comet assay. The effect was more pronounced at high dose level. 

All o j" th e above parameters arc possib le [actors causing infertility so arsen ic was proved 

to cause inle rtilit), not on ly in animals but also in human popu lati on as wel l. Thus arseni c 

in drinking wa ter is a huge threa t to growing age organi sms. Arsenic is tox ic at hi gh dose 

leve l as we ll as low dose leve ls. It euases adverse e lTee ts on general hea lth as we ll as 

reproducti ve health of humans. 

Current investi gat ion sugges ted arseni c as a major reproducli ve toxicant and an endocrine 

disruptor. The current st uci y was des igneci to not ice the reproducti ve toxicity o r arsenic in 
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Cl llTent in ves tigation suggested arsenic CI S a m(~j o r reprod uct ive toxicant anel an ~ndoc ri nc 

disrupto r. The cu rrent stud y was designed to noti ce the reproducti ve toxicity or arsenic in 

gJ"(min g age an imals so arseni c is a huge tlweat r'or th )rowin ~ a) , anim als as vel I as 

humans. 



Reproductive toxicity of arsenic 

onadotrophins 
(FSH and LH) 

Testosterone 

Discussion 

Fig. 33. Reproductive toxicity of arsenic causes reduction in gonadotrophins which in 
tum decreases testosterone secretion. Testicular histology is affected by testosterone as 
well as gonadotrophins directly. Arsenic treatment causes decrease in testicular capsule 
thickness, seminiferous tubules diameter, impair spermatogenesis causing decrease in 
spermatogenic, Leydig and Sertoli cells and fragmented primary spermatocytes. The inter 
tubular areas also enlarged and some atretic tubules are observed in high dose treated 
group. 
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Gonadotrophins 
(FSH and LH) 

l 
Testosterone 

l 
Epididymis 

I 

Discussion 

Fig. 34. Reproductive toxicity of arsenic causes reduction in gonadotrophins which in 
tum decreases testosterone secretion. Epididymis is an androgen dependent organ. 
Arsenic treatment causes decrease in tubule diameter and extension in inter tubular 
spaces. There is also observed disarrangement of epithelial cells. The size and number of 
cilia also reduced. Some atretic tubules and cellular debris in tubular lumen of the three 
parts of epididymis are observed in high dose treated group. 
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Whole organ 

1 
Gonadotrophins 
(FSH and LH) 

1 
Testosterone 

1 
Vas d ferens 

Epithelium 

Discussion 

Muscularis 

Fig. 35. Reproductive toxicity of arsenic causes decrease in gonadotrophins (LH, FSH) 
which in turn reduces testosterone secretion. Vas deferens is an androgen dependent 
organ so arsenic causes reduction in size, epithelium and loosening of muscularis. The 
arrangement, shape and size of nuclei of principal and basal cells are also effected by 
arsenic treatment particularly at high dose level. 
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FUTURE PERSPECTJVES: 

Arseni c toxicity has been proved in the present inves ti gation, ho\,vever there are several 

parameters \-v hi ch are not clear and may be elucida ted in fu ture as: 

/\ rsenie adve rse ly a ffec ts steroid hormones as we ll as gonado tropins so the ac tual 

mechan ism should be in ves ti ga ted . The protein s and cn/.ymes in vo lved in control or these 

hormones should also be studied. Arseni c ca use ox idative stress at ce llu la r leve l, its exact 

mechanism, biochemica l stud y as wel l as means or its detoxi Il eation should be 

investiga ted. Mo lecular level inves ti ga ti on of arsenic should be done. The electron 

microscopy of' the targe ted organs shoul d be done at d ifreren t age leve ls. Arseni c alters 

gene expression so genomic ana lys is should be do ne. 
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