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ZmrRODUCTZON

s«l«nium» a non-natallc ttXament olosaXy related to

eulptwr waa flret isolated in 1817 lay Beraelius* the Swedish

Ohemist (fM>ertson« 19M) • It is widely distributed in the

erust of the earth to about 7 x 10**^ %by weight* as sele-
nides of heavy elements and to a limited esctent as free form

in assoeiation with elementary sulphBor* Higher ooncentration

of this element in the soil was found to be assooiated with

voloanio activity*

Selenium was recognised as an essential elenant in

animal nutrition few decades ago* lAien it was shown that most

of the aqropathies including '%>hite''Wusole dieesse* in lasftNi*

calves and foals and hepatosis dietetica of pigs oould be

prevented by its st;Q?pleraentation in the diet (IMerwood* 1971) •

Rotruck and co-worXers in 1973 ider^fied it as a cnwq^onent

of glutathione peroseidase. the ensyms that catalyses the

removal of hydrogen peroocide from tissues (Lassiter and

Bdwards* 1982),

The identification of selenium as the causative faotor

for *blind staggers' and *al)cali disease* in the great plains

of North America stimulated investigations on the distribution

of this element in roc}cs* soils* plants and animal tissues at

toxic levels with a view to determine the a*dssiMe

concentration in feeds and fodder and for developing the means

of prevention and control of its toxicity*



mmmrom rnxmrimmma wmm. Siuri»g tliA past

tm to ef^Ms o£

plants md oi^paio mi& Im&tgmlQ mm^mmda IxM in Xiwstoc^

and Xaboratosy «aimls« with ^Imiw

in iivwsto^^ is lau^ifas^d hy duXtooss. maeiatimi.

zmi^ coat. X(^0 o£ vitality. teo£ steonalitias iwluding

tiling o£ thm eoraiary band* »l0ii@hing o£ thm ho^ras ami

w^Stesi»r<sad ineiteicw o£ afudmmm sibilating

Azonio Mlai^sis mm tmm9i to ocoiir mmmBllf in cattle

md Imfialoes in ^srala oaiising sar^us ooonomio loss to iwc^

Mrs to high mortality md a^Mdity raMs«

mmm tOiis Ijivestigaticm mm tatai with tte Allowing

a> ms3?meimmtml induotim o£ selamsis and analy^ fOm

typim mmiiimmt&tlmm to aM olinical di^imis hy

W stwatf the Mcio affaots M ^imim m



Jht^taiute.



A fatal dim^m of }sxmm as $

tdrlsoa by loss of lialrs fras mas tail idth

of fsfit ifas dmrnosltrnd by mdlmm (1SS7). fr^iiJce (Xta9)

stutlied al3eali dlMsM in dstail ami miMmd the hypothesis

^lat syndram was caused by the of oeartsin

t^clo slments in fMdM.iiffs* Clf33> dlsoowred

selenim as t:tm toxic i^inoipl^ in alteli di^ase and this

finding was later omfinned mid Fot^r (193S>.

fi& A* itaitMi^ ^no di^^es of liwstocH,

via., *blind st^geiw* mxA *allcali disea^' aa Uia re^otiire

xm^Sm^attmm of Mite &M c^miiG mmtrnimlm in the gx^at

l^laiJis Horth AiaBr^« rie^^ md (19S7> sepc^rted

in animals fra the ^public ^ Xrelai^

Idlers ^30 selmta omtmt was as hi^h mm 1200 pm i^iaii»t

msdmm toJUx^a>2^ le^l of 5 ppa. nrMn and Mfet (1962)

reviewed the ^liao^^^o^, ^^ptomat^ogty ai^ path^^^gy

two disease madXtlmm 'tribalMis* and 'miootic l^iten^'

prevelmt in sinith Airioa mad postolaMt the role of selenim

as the possible etiologioal fwtor*

Qmoxm tt Mk» <^9*^) reported iMideimi of a gan^^^

nous syndxoM ijivolving thm e^ure^tiefl in hts^m

partioularly teffaloes in Kerala« A sirailar

'De^smla disease* was su3:»eqiaently iteitified from Mrtain

piro^mses of P^otm by Zrfm (1971) m& from mxtM. India



by Kaica (IfTt) mi ^mrm •« al. (197S). Ztia

inB«i (Xalra ^ jJ^,, IWi> ^ aalmim (JMrava mi.., 197S),

pattMl«gl«aJL aapaeta of fanfx*.

tB KMrala ai^ aagi^atad

akrmi aa tlM atMagMI. tuoiwy ft j^, {1977)

ixoa

ef MoMmg ma eatimtaa aa hm^mrn 3*3 aad

Aa *MgmaXa

tAiaxa &ia aalmiUB eoatm^

3*3 aad S.4 mg par

xttiad eat ttw peaaiMLa sola of aalawlaa toxielty aa «iM eanaa

fatal. d0M of aalmita to k»a tmm 1,0 ^ 3«0 ng par kg My

aa a

plaata rad praiaa ara nora ti^cie titan aala-

tMlan aad Moi^, 194Sf a|,., 1944).

<d>8«rvad aortallty wltiiin a parled of 23

Bito orally thz«« tlMa a watft at a <Soaa rata of e,2S to O.i mg

par pemd body wai#it. i.Mia%a and vmmmM (19«4) ati^ad



mmx m pwdeS of S3 w^n, Casarngfi j£| (1978) fiwad

M •

nmtalitr in 97C mt of 517 ^iraa i«iIA x«e«iwa mbOKtraMras

mt • total

teM of 100 B9 pmz e«lf, ^ twie afiMts 0kM«r*^ wmm

dlatoKsa pKlor to

tiMt tlw t^le raul-

Mlmlt* IB miijm ineliidadtmrntmima oa oral

nenxla, ea^axla,

<mm tma Omrnm, Bwrntm

tMO ymax old dot waa

ma-nilalima mu& anbaaquMit daath In a

Intramaeiaiaz' adaialatmtlMa of aalaniw pmparatl^

for eattla. Miatla

(I'lilkOMMJkl Mi t9<t l|



%MiQ ^ wtid t:tm

SMiifMtatiims and rmlwm duffing ^ omiraa

&i iilMoa. jgy^« Cif82) msM indhioe a atoiiar

diaaasa mmantl&n Iji Mialu ml'mm hf j^oding riesa hm^

oMaining 6 to 23 pm mXmlvm coliaotod §wom

araaa. Mzlmgmx ftt al> iim$y mirtaXity in a hard

qM dattXa aiMT dosing ¥iw injMtabXs oii amiaim o£

vitfliain h, iritmin D and aodiw aal^iite due to in^proper

raisdng of ^raimratim.

mm toxiisity o£ saXani« is M.iav«d to hm du@ to

^ anlplw in asa^itiaX bo% proteins and

inhiMtii^ tlia mwitmmm oc^oarsMd witli tismw respiraticm

{mmm and l^2>. s«i«»itas rmet with sulihy^l

gioi^ &£ esfu^im mdi imd.ng stabXa soXmo^

miiSites mKte"ing i;^vaiiabJi^ im: hioiogi^

mX psommma in tmic^ th^ ara in tha hod^ (awUiar.

2,^0>« Frost (if72) postuXa^^ l^iat tha tmioity ^ iraXenim

is &m to iMassiva ^nmXatiM ^ mXenita im* oacidant

mmst iMurfwra gXuti^Mms MtahoXiM* Xn animaX

tiss^asa MX^tas ara ooiiv«rt4^ into dimtli^X aaXmiidas.

tHa major patlnf^ of saXeniw MtMifieation is ma^syXatimi

(v^m^lc^aX and xaioIsi^» 1973).

mtmlm and Baat^ (1935) r^^rtad 4mam to gastric mumsa

Xiwr to dhmniQ seX^mis im mttXa. EoranfaXd and



o&iM md protdlsi in the Mood 3f a^ump dioS ^

• Pm^r«s^m anaMia with dimreasa in hWEK>«

SWBEwaea yitiHtifi a ievel in th« iimr ef nts &um to selo--

poiiMftlaaitt in stMva (Sii«

sis* 0Xwm t §|, (lt64y

I«ai«8 iA U.^» Icidney

due to soloimia. In

aiMiUMi* teffalo calvttflp

^tia and Kalim (IfSl) obaen^ ali#^ fail in total l«a»-

awlaoia J^adi^ to pavalvais in aiilna cm foodii^ 19 to 24 mg

oi ^ the Dewes and hmm ixm?) r^pmrted

•elmittt) dailir lor S ammmstt'm oteervM loss o£



pmpmm mmw ^ hxammm m thm

Item (if41) €01^ that supplmMntatiM of mamlG

# 3 tltfMgh drinMag wtms in s^ga emmmkmematmd tha

tmioity ^ a^wiiw fM at 9 Hhian ai^ Hc»em

<1941) ^baer¥@d that sodim arMiat@ S pisra X@mi in drir^

tog mtmr pcmrmm^ ohrmiie mXmmmlm in 6^m laaintainod <m

a ratim with 13 Belraiw* i^rotwtiM

haa aXao tean i^or^d <m supplmentij!^ araaitiUUs miS

(0.02 ^ mA 3«iiitro"-4«hydro^ pliastsfi mtmmia acid (0.<K)5^)

in pd^ mlJttainod on a ratiw cs^e^inlag 10 ppm mliiim

nitA (H^Xatim jy^»« 19S5J • Ax^miq is beii^ed to bloc^

of saienit^ ion Msam iiwr {Faimr mS K^tfiost*

X957>« Hi^ard £| (19^) oi^bMid fte offioaoy of daiXif oral

aMlnistratim of 0*0M arflwiiio acM f<^ i^erontii^ ^imosis

in sti^a mitotained mx a ratim ctontainlj^ 12 mlmklwm^

l4eirw3*r m& nmmmm (1966) «^goated that aiMnic fmtp9d to

stimiate ^iQreti^ of seXmim fastmintoatinal t^ct

a^ thmg^ G0xmmpmm.mlt daoroasM tha }Mml of mhemXvm

in %im Xiwr.

m

Aa^nistr^« of oQdiw Klpimts ^id aodiw thiosuXsto^to

was offootiw in pn^^itii^ ^ts mg&ixmt mepmximmtml



B&lmmmlm imXweam H, Ma). Tbmix mttmot

was to be due to ertefimS urinar^r mmtrntimi of

Pratiey ai»l mwmelmm (1974) roM^ied 5M c«di^

tioa of saXeniw oca^TOt la foddtr grmm <m »®XTOlf®rou0 ^ils

top dresfflJjig wlto mH^ate fertlUswr. Suis^tea ar©

bttXia^ to tmdmm absorpticm of mXmmlm Mtom soils

lay ttm plai^a«

o> Iffegt of.

Pi»»tMtive effeot of protein m i^teiiw toxioity in

was ^i;^ied teamfald and aea^ (19^) and foiMid that

hi^ ai^ mediw-|»tein diiH;a afford eertain of pro-

teetim M^ared to ia9#-imtein diet*

mm wit«yi«iym«»qw .wim

siMtt ^ aacmbic aeid potasaiw ioditt <m ^uronie

seimim intmiaatiim in rats mmm studied b^ Roawfeld

ae^^ (1947)« Fotaaaim ioditia immA to iniorease the

»hiie asemlaio acid had m j^roteotive ef^ot.

^Poptala Mmmmm* msp&ximmAllt indu^^ in btaffaXo

mXmm b^ ^Miding rice ImA mXleol^ fitm eelmi^roiMi areas*

tias moc^safiilJ.y treated ^tb a Mdioinai aamfpmmAt *Tmg oure*

€bM m^peaiiim mil^tete t fenmia maiptiate 16$ 0,

oo^ser raiitete 24 g* ^inc iniiplia^ 7i g i:»^»ait suii^te

15 g (E^aMiS fH ji^., 1932).





mmmms mmmt

Si#it raaX® oaXveo of ^

of 10-X4 srnljmmd m. xm^om frm tlitt miivtt£w

statiw* WUsmm^mSsmm were wiea

for this mxxSf^ Ml th® anlmftls were

maistsiMa waOm i^ti«al ocmaiticms of feeaing

MSt* rtmf mim ^ept m^Smt c^ranratioR me two mmlm aoriag

period# m^sles of <teig* urine and blood mm mxamlm^

00 3 Qsx^imm tQ eliminate tte possibili^ of ai^ internal

diseases* ito^ anteals mre divided at random into ti#o

gioi^l BiM and two omtrol.

toGti ^^pertoental antoal was givm sodiw s@l«ite at

^ rate of liO wg per leg body mi^^ «ally tisii^ an as^^ms

TOlutim mntalning I mg aodiw selMite per ml» three tlms

a unm'k foo: 24 t^do raanifei^ti<m mre

rem»M tering the course of atii%» ilood sa^l^s were

ts^lme^md at wiMUy i^t^rvals a^ estimated the le^s of

l^aMS vitiMin A* vitMin C« volms of

oills. total ^;ythimytes« tetal ImUmsftmrn and

Twm^ Mllilitms oi Mmd wm dram tnm ei^ calf Is?

l»siciitr® Jvtgular vein in auitaMy liMll^ ^ber coloured

vials cmta^iii^ ^ rag sodium bdta as the antimagulmt. Ten

millilitres of anticKM^iulaiit treats blood was c^trifuged

to ^paraM plasma f<tf estimation of t^^al i^tc^in mid

vitMin A* istiMticm of vitwin A mrri^ mst as per the

met^ of KisMe (1939). estimatim ctf
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nm Mwet mUvad oi mMLmm (i9$4> mm hamtblQ

i^d ImmX in blood mm rnmJbmtmd m^optlmg th@ method des^

oribesd hy ^ (1M4). VQlvsm of paclced mllm,

total ar^tteocyt® ^ mmm,m md taM^oiain cm-

m^ffitim MM rntmcmimd isf tte imooteiws donGorihod

w|j^;rcte sH (1976>« 71^ l^io^mieal. ^d hMnatoiogical

^mhmm obtaiMd at di£f®r^it ^agos of wexe divided

into 2 m^9 first half imm% 1«12) md seomd half (week 13-24)

for statiaticiaX ©vaXimticm*

.fe

M8t"^ic»rtM w»iiiatim ms cmte^ed m tvo ^^leriMitaX

dl^ cm and ittid di^ ^ of study.

mirniaXm ^ tfm ^d M 24 wMkw wmm sac^rifimd and

the gmae Imimm in tte vaxlms iiiM£wi or^ns were noted.

Sasipies of liver, Icietey* i^ain tiMrt imisQle mmm collec

ted md pre^rved in UM nei^al Mwmmlin hist(^>^holog:U:

i^udies. af^r fixatim# wese imoeseed hy rc^atine

p^affin t«^miq^ ae detail^ in the Amed rorces

Instate M Pattelogy (l^^K Paraffin sectims

pmpmx^ at four to five micrai d^>araffiiiised

stained with HiM^c^lin md wi^»9d of Haris m

otihed ^:id Eack CXfTO) uid mtvdi^ tkm microimpic

ftie date were ^lal^^^ed using &mAimt*& 't* teat

md malysia of wria^e ^^liniciu© as ^acslhed tsy coohran

and C19S7> and ^^decor and Coc^an (1967)*





wsMms

mdivm awlMittt waeiliiisterod of«Uir # X.O ms/^

\ml^t thsm tSsmm in ft mttimimisiy 24

restil^d in of t<»cie ramifesti^o^ of varyif^

ftil %De luqperismtml animaXs* signs of

mm noticea frora we®l€ mrnrnx^Bm of th@ tw mvmmlf

animals, mm died <m I2il^ day otl^r cm

i32nd day ot of ^ i^peidMiit.

sal^teit Glinioai findings o^erwd in smseiy

affi^ttM animals ^mm mmtmsslm, Mssation of rumination,

i^toady gait# rotati« of took dtirii^ progr^ssi^,

»ld ai^ Qlmm sicin, g^nsralis^ oe^teraa, urine flow,

rmgh starry ©sat ai^ laoriaatiw foltawd by rw^abaacy «kI

dea^. At tbe pert of ttm ^xioityt rates of

^ imlae mm iaor^sod* the bo% t^^ratui^

wm subiKMcmal. ttie ^taraotitr of tl» ^«e was soft and weak,

flw visible ffliioous M^aMS matm pilA.

Fwor animals teve shorn less mmm alga& of ^adoity

^th mnifestatiom svid^t from IMh iimmU of the ^cperimmt.

Xn thmn« tmdLc mwifestatimta mtmm wstm raild degree of

aMmcia# gei^al i^alcness, roi^h starry ooat, resentuwit or

disit^lln^mi to mmm a^ iMreased tm^mnesf to lie 6mm*

The body rmained ^tMn f^nal mige. ftm



And rataa mm

teaim paie. Weim

pmmtf and miacad wXth tmicus*

A.

Imml &M pXmm& %tm in mng& of

tm a»2 o^dl (7.77 ± 0.07) duffing the first X2 i^eka (fir^

half) «Eid 7*2 to S,4 o/di <7.29 ^ 0.04) in th® l^h to 24th

poriM CimmS haif). The ^itwia h Imml ranood

30 and 3§ pg/^ (32.29 # 0.40) in tSm first haXf md

roiaalMcl durii^ ttm seoond half <K}«3S /i^dX <32.29

0.4S). ra;^ of asGO£%>ic aoM in bl^d

2^9-239 ^di <274.38 ± 1.43.) imd 26S-2S5 ^dl <27S.21 ±

1.17) during first and ^mnd hai^s tmrnprnstlvmlfm

• Visile macmm

thm dtn^

13

Tkm voiwe of i>ae^ad r»d mllm <v»c:5 mm in thm r^i«

of 23-349S <30.58 ± 0.^) in iin^ half 23 ai^

3M (31.80 0.54) in aooond hmtt* tte ^tal ttrythrocyta

mm Cnc) in ^ first haU rancid 4.92 and

S.^ EsilX*/cm <S.42 ± 0.09)» duarinf tim sami^ half it

wm th® rai^ of 4.9W.97 «iii./aw (5.^ ^ O.Ot). Hi®

rai^p^itiVQ vaiiios of totai mmt iTW} imm batw^n

mm WS 8100 min^wm (TOO t IM.S2) and ®2S0 ai«S 78SQ

<70^.67 ^ 124.67). Thm hmemigl<3^dM vari^ fran

9.4«l0.t g/di (10.08 + 0.0&) and 9.6-11.4 Q/di <10.43 ♦ 0.09)

in fir^ mA aacond haXvaa ir^^^aotivttXy.
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B.

Tlw lawl 0£ pUMMi lang^i imfmma 6.4 and

8.S g/dl (7.S3 ♦ 0.09) in «w £l*«t half whlla in tXm

half Ifc 5.2-7.3 g/ai (§.*) 4 O.IS). The vlt«nln A la^ls

in th« plaana %mm 20 to 35,m®'41 (10,07 * 0.S9) «n«S 20 to

25 /»g/dl {22,56 i 0.38) *««p«jtiwtf.y Aurln® the fir»t ana

aacsimd halws. Tim r«8paetlv« fear aaeosbic acid l«v8l

to bload betewsn 195 and 240 *|A11 (223.12 ♦ 3.46) and

100 ttO (162.32 ♦ 4.SU

VKC iwal varlad 26 «ld 34 * (29.68 + 0.34)

in th« first half aoA betiiwm 24 and 30* (25.09 + 0.49) daring

the iatt«r half. Ttm values M total erytimwyte c«wt (tec)

An the first half wae in the af 4.68-S,73 jb111./cw

(5.16 ♦ 0.4) and 4.02-5.32 •ill«i'en» (4.82 ± 0,03) la th«

ouhBeqiant period, rm tc^al Iwwocy^ eiwaits «er» from

54»>-e350 «ll*'a» (7243.06 ♦ 66.2) ma& 4600-6350

(S»5.62 + 94.14) resjwtively in ^ fiwt and eeeond h«l«8

of stM%« haanogiearfu level rwed i»ts»een 7.3 and

12.4 g/dl (10.28 i 0,11) daring the fleet 12 weeks *ift3dtle in

the zwmIbIiw period it was 6*8>li,4 g/dl (8.31 * 0.16).

nw Moehnical and bamatologlQal vslnas of tte e^ierimental

md ®»ti»l aiimals are iMMewitwJ In trtlee 1 to 8, and the

statlstioally analysed data in tahlae 9 to 12,

a)

There •warn cardiac dilatatiwit gm«rallB«d pallor and



IS

anamm in %W3 mlmm M.m mrnim tte wmm o£ tte

^ont due to mxf^xmm Immtom mmn

in ^ Uwr in ail Mi^tettntmX @aliraa« tta Xivwr mm

orngmmm^ mad Mtmml msmm &€ hmm^thBga se@n« scg^tmtmd

m^ma of foeai nawosis wr@ also seen, itie

im» raoterateiy 4iet«iMd i^ith ^xcornnim^Xlaw biXe*

Kiataye wre en^^ryedt iii^ ocMained i^i>-

point tmi&mm^gmrn mml acMa of neemaie mxm

in tte n^^tK3W^». tammit^gea o£ tte

enSo«M«liiim Mn eviitait in eaima.

idwr of all anJteia mrnrn^ varying

of mprntJLtim c^iaraoM'iaed ^ fwaX hmmmstkm^Bt fatty

a^^Mratim eentriii^uiar mmmirn-m Thm nuclem of

tepatic ^mmd vaxyij^ of iwrngmntrntion ai^ ais-

inl^ratim* tte c^iliariea of tlw Mbiil@a imm coi^ai^

(fig. 1 and a>*

Itie iesi€»ia in Mteeys ew^ated of focal mreaa of

dage^ration* M^lary liaeimritegesy titeiar morc^is, cloudy

mallii^ and fat^ c^a^s* InMimitial tism^ hyaline

cmta» Tl^ tuteiee also mrealed mm^ li^wline easts (Fig* 3

4K

ite ©ardiac macle shmied vaxyi^ degree of te@mirati<m»

L» nramia# l^^i^mytic infilt»tim ml fil^^is.

W^ictsiai ^«on:tiag^ witost to tte pericardi*

(Fig, 5 md



If

xm ttm inrain tlmmmB mm gliosis md

o«aam ^ M tto mla wmm ml^-

in tl»3 mMffi <1^* f Mi s)*

tn tiM was

tiMmrx^i^ ^ Mmml amm ^ mi. tbm memal and

s^bmtxmm^ iMfmtm*

the Wme^ IcMner* ^ento m& gaetro-^imMtinai

tJTMt f£m tim ms^x®l imimi* imn to <^taiM his^

^^^iei|.ogl^3itl l»it no ^^ttalbogioftX wi:^

in ^Xmm



TMm !• mA teweiels^jeal -
'•A*

If

TW

<^ai) {mm*/ imll^

1 ?.9 38 2^ 30 9.8 4.92 7250

3 t.9 35 210 m 9.8 5.41 7200

3 ^•8 m 2^ 30 9.8 5.28 7850

4 f.8 10 275 32 9.4 5.31 7650

S 8.0 3i 270 n 9.8 S.84 6450

6 3i2 30 285 30 10.2 5.62 ^50

f t.8 30 280 » 10.0 4.98 7150

8 7.8 31 275 30 9.8 S.M 3100

9 7.8 30 270 30 10.2 5.62 6350

10 8.0 30 275 32 10*4 5.72 6200

11 8.2 280 30 10.4 5.65 6150

12 8.2 35 285 28 9.8 4.92 6050

13 8.4 30 270 28 10.2 5.15 6650

14 8.2 35 275 32 9.6 5.62 6750

15 8.0 30 280 30 10.2 5.41 6650

16 7.8 35 2i5 28 9.8 4.98 7250

If 8.2 30 28i 32 10.4 6.21 6650

18 8.4 35 270 30 10.2 5.04 7150

19 8.2 30 280 38 ^.4 5.82 6250

20 8.0 35 30 10.2 5.67 7250

21 7.8 30 270 32 9.8 5.62 6150

22 8.2 35 275 30 10.0 5.82 7250

23 8.2 35 280 30 10.2 5.94 7450

24 3.4 39 280 34 10.0 5.97 6850

Samt24 imks of otn^
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19

wmM PlS*B

iQ/m

if

vwm

m
m

iw^m
•TO TIC

CwiU-/ imlW
iyyif) €m)

X 7*S m 240 31 11.4 5.21 7150

2 7.S m 235 39 X1.4 S.38 7250

3 39 235 30 11.6 S.24 7250

4 7.6 30 2^ 30 11.2 5.28 7^

5 7,3 3S 215 32 11.4 S.24 71S0

6 7.2 35 215 28 11.4 5.10 70SQ

•? 7.2 30 205 m 11.2 5.06 7250

3 7.2 m 210 m 10.8 5.12 fim

9 7.3 m 205 28 11.4 5.21 mm

10 7.2 31 210 m 30*8 S.Ol 70S0

11 7#2 35 210 26 11.0 5.1S 6950

12 7.3 30 ^35 m lo.a 5.02 6800

13 6.8 25 lao 26 Kl*6 4.84 66S0

14 7.0 25 170 26 K).4 4.81 6^

IS 6«8 25 tm 28 10»2 4*62 64S)

16 6.6 20 im 27 9.4 4«60 %im

11 6.2 25 115 25 6.8 4.08 61S0

13 S.S 25 100 24 S.2 4.04 6050

19 S.6 25 24 7.6 4.02 S9S0

med m% ^bm mM IStii n



4. BlecAwrtAal aad toMHKMegteal valiaas -
mrnml 1M.IZ.

30

wmk wiMom

(g/m

VitMlA vttiffiiii
c m

m

ig/m
TEC TIC

(mill./ <C«U%^
csm) €3Sn0

1 8.6 3S 2ii 33 8.0 5.12 3150

a 215 33 8,0 B.04 8250

t 8.6 30 205 33 3.0 S.42 8100

4 30 205 33 7.8 5.35 8350

i @.2 30 tm 32 7.8 5.28 82CK3

8.Q 2i 210 31 7,S S#41 mm

1 ^•S 30 20S 32 7»8 5.35 3150

0 73 2S 200 33 7.5 5.38 8200

t 7.S 25 205 32 7.i 5.32 8050

10 t.§ 20 im 33 7,8 5.48 8150

ii 25 20§ 32 7.5 5.34 7fS0

12 ?•# 20 200 2f 7.3 S.21 5850

13 20 im 2i 7.2 5.22 5850

14 e»i 20 185 28 7.4 5.15 6700

IS i*6 20 130 30 7.4 5.14 5450

li 20 120 30 7.5 5.08 69m

If 20 115 28 7,2 5.04 urn

la t,6 m Hi 28 7*2 5.01 5350

If 20 tm m 7.0 5.02 5150

m m %m m 7.0 5.03 6200

21 §•4 m 110 25 5*8 4.f8 5250

22 6.2 m 110 24 5.8 4.38 5950

23 6.2 20 105 24 6.8 4.91 4850

24 m 105 M 4,8 4.88 4600

SascKiead »£%ar 24t^ of •«»%



kr> li

Tabltt 5* Blodn^cal and haematoXogicaX vaXuis
•scperimantaX aninaX Ho.ZIZ»

wmk PXaoma Vitamin Vitamin VPRC
protain a C (X)
<g/dX) (jiia/diy

Hb TEC TIC
(g/<U> (mux./ (oaXXi^

am) GMn)

I 8,2 30 230 32 11.8 5.38 7150

2 8.0 30 21S 31 10,8 5.24 6850

3 8.0 as 210 31 11.0 5.28 6S90

4 8.2 30 230 30 10.8 5.15 6450

31 7.8 30 21S 31 11.4 5.42 6500

% 7.6 2S 22S 32 11.6 5,48 6400

1 7.6 30 2ao 31 ii.a 5.38 6150

8 7.4 30 20S 30 11,0 5.27 6200

9 7.6 2S 21S 32 ii.a 5.31 6350

10 7.2 30 aoo 30 10«6 5.08 5750

11 7.2 as 195 28 10*2 5,04 5450

la 7,0 3i 200 28 9*8 S.OS S5S0

13 6.8 as 18S 26 8.2 5,32 5600

14 6.6 as 190 28 8*2 5,29 5450

IS 6.8 30 185 26 8«0 5.26 5350

Uk 6.6 as 190 24 7.4 5,03 4950

17 6.4 as 190 26 7,8 5.08 5050

IS 6.2 as 180 24 7.8 5.04 5150

19 6.2 30 165 24 7.8 5,06 SOSO

20 6.4 as 160 26 7.6 5.01 5200

21 6«0 25 ISO 24 7.4 4,98 5150

22 6«0 30 190 26 7.6 4.96 4900

23 6.0 u 160 26 7.6 4,97 4800

24 5,8 150 24 7.4 4.89 47S0

Sacrificed after 24 weeks of



Tabla 6. Blectwlcal and haamatologicnX Vftluaa -
•xparlmttttal animal Ho.ZV.

W4Mdi Plana Vitamin Vitamin
Pxotain X C
(g/dl) (/t^g/dl) (jtf^dl)

VMC Hb TEC Tlfi
(9D (a/«l) <miu./ (o«Xl%^

omm) CBHi)

X 8.5 30 215 34 12.4 5.18 7400

a 8.5 35 205 30 12.0 4.98 7650

s 8.4 30 200 30 11.8 4.72 7800

4 8.2 30 210 28 12.2 4.73 7650

s 8.2 X> 205 30 12.0 6.21 7350

ft 8.3 35 200 32 12.2 5.84 7400

7 8.5 30 205 30 12.0 5.61 7750

e 8,4 30 200 28 11.8 5.73 7450

9 8.2 25 205 28 11.8 4.98 7550

10 8.3 25 205 28 11.8 5.13 7650

11 7.8 20 208 28 11.6 4.78 6850

12 7.8 25 210 28 11.4 5.01 8980

13 7.5 25 210 28 11.4 5.02 8200

14 8.8 20 190 24 11.2 5.01 6250

15 6.8 20 175 28 10.8 4.98 8350

16 6.5 20 180 U 10.8 4.98 6450

17 8.4 20 180 28 10.4 4.98 8750

18 6.3 20 175 24 10.8 4.98 6650

19 8.4 20 170 24 9.8 4.78 8700

20 8.2 20 170 M 9.8 4.76 6580

21 5.8 20 175 28 9.2 4.72 8400

22 5.8 25 170 24 8.2 4.71 6450

23 5.8 20 185 26 8.4 4.78 6550

24 5.8 20 140 24 7.8 4.64 6450

Saori£ioed aftw 24 of study



TabXii 7« BiochMdoaX and hawatologloal vaXuM
•svarinental aninaX No*

ifaak PXaama Vitamin
protain a
(g/dX) (^dX)

Vitamin
C

(tt^dX)

Died at the end of 19th week

Hb TBC TIC
ig/dl) (mux./ (c61XV

ana) cnn)

4.68

4.67

4.57

4.sa

4.58

4.41

4.65



Tabl« 8« BioeUiflniical and haamatologieal valuM •
•SQATliaantaX animal flo.VZ*

WMk Plaarn Vitamin Vitamin VPK
protaln x c C90

<g/dX) ()u|̂ 4l) (pa/dx)

UK imft"'

(o/dl) (mill./ {a^lla/
cm) antn)

1 7.3 30 290 30 11.8 5.08 7350

a 7.3 35 285 28 11.8 5.12 6450

3 7.2 35 280 30 10.8 5.02 7250

4 7.2 30 290 30 10.8 5.04 7300

s 7.8 30 285 28 10.4 5.14 7250

• 7.4 35 270 30 10.2 5.09 7300

7 7.0 35 280 30 10.4 5.10 7150

• 7.0 35 285 28 10.8 5.11 7250

9 6.8 30 255 30 10.2 4.9 7200

la 8.8 30 238 30 10.4 4.87 7150

11 8.8 30 235 28 10.2 4.68 7250

12 8.4 25 225 28 8.8 4.71 6950

13 8.8 25 225 28 9.8 4.78 6900

14 8.4 20 225 28 9.4 4.81 6750

15 8.8 25 215 28 9.8 4.72 6600

16 8.4 20 220 28 9.4 4.74 6500

It 8.2 25 205 28 9.2 4.64 6550

18 8.0 ao 210 28 8.8 4.68 6180

19 8.2 25 215 24 8.4 4.67 5900

20 5.8 25 210 28 8.2 4.62 5850

21 5.8 20 195 24 8.4 4.66 5900

22 5.8 25 190 24 8.2 4.59 5650

23 5.8 20 180 24 8.0 4.58 5250

24 5.8 20 185 24 8.0 4.57 5150

8aori£ia«d aftar 24 waaka off atttdy



Pwclod of study

0-12 veeke
Cficet half)

13-24 weeks
(second half)

( *t H fl

Ka^erimentaX

Control

t vaXtie

Sjqperlaental

Control

t valM

PlaaBft protein
(a^dl)

Range

6«4-8.6

6.6.d.2

Mean

7«S3
+P<09

7.77
40.07

2.1201

5.2-7.8 6.30
1P.13

7.2^.4 7.29
+p.(U

10.6559

Vitamin A
(^dl)

Mean

20-35

30*35

20-25

30-35

30*07
iP.59

32«29
4P*48

2.9056

22.56
ip.38

32.29
+0.48

15.8575

Vitamin C

Range I

195-240

265-285

11.65

100-210

265-2^



TabX« XOm Rang^ nd man of ha«wtoXoglcal valuea In oalvaa

Pwdod of mtndf ozoqp

0*12 woelca
(firat half)

13-24
(aaoo

•lea
half)

Control

Cootrol

t valiM

vpnc (90

86-34 29«U
:^*34

2a-34 30.38
ip,2S

urf»

24-30 25.09
40.49

2&*35 31.08
h^.54

8.2221

TBC <mlIX*/cnn)

4.6&-S.73 5.16
ip.4

4.92-5.96 5.42
♦p.09

2.69U

4.02-5.92 4.82
40.03

4.98-5.97 5.58
jp.09

7.8758

r>-

TXC (oalX^^cnn) Hb (o/dX)

Raaga

5450-8390 7243.06 7.3-12.4 10.28
^.2 40.11

5890-810000 7000 9.4-10.6 10.08
^168.52 ^.06

0.9494 1.5259

4600-6890 5905.62 6.8-11.4 8.31
J^.14 40.16

6290-7850 7066.67 9.6-11.4 10.43
4124.67 :^.09

7.4321 11.4813



Tabl« XI. Stafelstloal «vmXuation of nmn vaXum • fi»t h«XI
(X«X2 vmScs)

Moan vaX\M Moan vaXuo
(controX gro^p) (oaqiorimental

group)

vaXuo

PXaaaa protoin
(g/dX)

vitamin A(jois^dl)
Vitanln C (^fg/dX)
VPRC (%}

TBC (mlXX./a«n)

TIC (aoXXVoM)

Kb (g/dX)

7.77 + 0.07 7.53 + 0.0» 2.1201 (MS)

32.29 + 0.48 30.07 + 0.39

274*38 1 1.41 223.12 ± 3.46

30.58 ± 0.38 29.88 ± 0.34

5.42 ♦ 0*09 5.18 ^0*4

7D00 * 168.52 7243.08£M.2

10.08 -f 0.06 10.28 ± 0.11

DF XO ** P<0.01

TaUo iraXuB 2.764

* p<o.a5

t.238

* Significant
** RighXy signifioast
NS Not significant

2.9056**

11.65**

2.6563*

0.9494 (RS)

1.5259 (NS)



TabU X3« statlstieal «TAluatlon of nsan vaXiMs » Moond half
(13-34 weta)

M«an TaliM Man valu*
(eoatxol group) (oaipcrimental

group)

valuo

PXana protsin
(«/dX)

VXtanila a (yi|g/dX)

VitMin C (^t|g/dl>

vpnc (90

nc (fd^u./oMBi)

TW (ottlX^onn)

Hb (oAU)

7«29 ± 0.04 4.30 * 0.13 10«ft5S9**

32.29 t 0*48 22.56 ^ 0.38

275.21 :t 162.32 j; 4.8

31.08 ^ 0.54 25.09 ± 0.49

S.58 ± 0.09 4.82 ± 0.03

7066.69 +124.67 5905.62jj»4.14

10.43 + 0.09 8.31 + 0.16

or 10 **p<o.oi

Tabto nlm 2.764

* P<0.05

2.228

** KlQibly rtgntgioaiifc

15.8575**

22.8626**

8.2221**

7.8758**

7.4321**

11.4813**

' ' v >1
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Dzscussxcm

No ftlgns of toxioity wore noticod in uy o£ tho «qp«ri<-

montaX anlmaXa on oral adtoiniatration o£ sodium selonito

9 ImO mg/)cg body might for the first 12 tfoeks* But on con-

tinuation of administration for 24 weeks* all the animals

showed toxio manifestations of varying degree oonmencing

from the 11th week* but death ooourred only in two severely

afAioted animals, one on the day 126 and the other on day 133

of the experiment* Hegg (1960) also recorded mortality

in six out of eight steers within a period of 23 weeks at the

above dose level of sodium selenite. In sheep* Iienets and

Tutushin (1964) recorded mortality at an early period of

24-27 days* but the dosing of sodium selenite was 1*0 mg/kg

body %feight* daily* Differences in the duration for devel^-

ment of toxicity and the degree of toxic manifestations might

be due to variations in individual susceptibility*

The saliwit toxio manifestations recorded in the present

study were anorexia* cachexia and incoordinatim of gait

followed by recumbency and death, similar observations in

calves were made fay Magg ^ (1960) and Shortridge j|]^*

(1971). Zn the present study subnormal body tenqperature* cold

and clamqr skin* rotation of hock during progression* gene«

ralieed oedema and respiratory distress were noticed as

additional signs. Hsrigstad (1973) also recorded

weight losdf subnormal body tenqperature and respiratory dis«

tress prior to death in swine dxie to selenium toxicity.



ClinloaX signs sueh as d«sq:uamatlon of alcin of Ilnbs distal

to )cnee or hook Joint# mussle region, gangrenous tail snd

nsoiosed eartips as reported by Arora s!k Si.» (197S) oould

not be reproduced in the present investigations.

The gross and miorosoopic pathology of affected organs

in esiperimental animals revealed haemorrhagic inflammatory

or degenerative lesions. liiver was the primary organ affected

followed by kidney* heart* gastrointestinal tract and brain*

similar observations were reported by Magg ssL* (I960) and

shotridge ^ (1971) in oattle* and Gardner (1966) in

sheepi Turk (1960) in dogs and Fitadtnigh sk. (1944) in rats.

Widespread hyaline degeneration and fibrinoid necrosis of

arterioles were stated to be the basis for haemorrhages and

degenerative changes in visceral organs (Herigstad ^ al>>

1973)* Prothrosibin deficiency associated with hepatic damage

and capillary fragility caused by ascorbic acid deficimcy

night be the additional factors responsible for haemorrhages

in vital organs* Mortality in two animals may be due to the

eenpllcatims associated with severe damage of vital organs.

There was no significant reduction in the level of pl«*a

protein in experimental animals during the first 12 weeks of

studyi ixit it was significantly reduced (P <0,01) in the next

12 weeks, Rosenfeld and Beath (1946) also recorded similar

flanges in sheep due to selenium toxicosis. Hypoproteinaemia

observed in experimental animals might be the sequelae of

inanition» damage to the liver, kidney and gastrointestinal

tract and reduced biosynthesis of sulphur containing sminoaoids



by the mleroflora o£ the runen. The operlng effect o§

Mienlum for sxxlpfaur for the bloeynthesis of suXpliur oo»-

telniag ealnoaclda by the runlnel and intestlml mlorofiora

wee reported by RoaenfeXd and Beath <1946) •

The pLaaraa vitamin a level was significantly redmed

(P < 0«01) in esqperlmental animals both durixig the firvt and

eeoond halves of the eaqperiment* Bventhouc^ su^ a finding

was not seen recorded in cattle. Rosenfeld and Beath (1946)

foiind significant reduction in the vitamin a level of blood in

sheep due to soditsn selenlte toxicosis* Blen (1957)

recorded decreased vitamin A storage in liver of rats due to

selenium poisoning. Impaired utiliaation of carotene by the

liver was found to be responsible for this. Reduction in

plasma vitanin A level of the eaqierimorital animals might also

be the sequelae of hepatic damage and inability of inflamMd

gastroiiMuistinal mucosa to assimilate caroteai/vitamln A.

During the first and seoond halves of the eaQseriment*

e aignificwt reduction (p <0*01) in the blood ascorbic acid

level of eaq?erimantal animals was recorded. A supportive

finding was reported by Fimlani (1949).

A signifioant fall (P<0«01) in haemoglobin level was

noticed throughout the period of study. Rhian and MoaGon

(1943), Hahalancttsis and Roy (1954) and Bhetle end Kalra (19S1)

also oijservd progressive anaemia with denreesert henoglobin

levels in doge* rats and buffalo calves reiipeetiveXy. the

reduced heemegietoin levels obaerved in expertmsntal animals



could bo duo to bone tnarrow aiqppressiong hepatic damage and

malnutrition. Moreover# selenium in plasma proteins was

reported to be linked with globulins, ther«bgr interfering

with ready availability of globulins for the synthesis of

haemoglobin (westfall and smith, 1940). Rigdon S& (19S3)

raportod bonemarrow depression and decreased production of

erythroid cells in selenium toxlcity of ducks.

Thou^ the vps%c level was not altered significantly in

tha first half of the experiment, there was significant fall

(p< 0*01) in VPRC level during the later half, it could be

explained as a sec|ulae of depression of bone marrow activity,

hepatic damage anS malnutrition*

Zn experimental calves the TW also rtMwed signifiout

redtiction (P <0.01), but was evident only during the second

half, attributable to bone marrow depression, malnutrition

and stress reaotion associated with selenium toxioity. Bhatla

and Kalra (1981) also recorded similar change in TX£ in eaqperi*

mentally induced seleniian toxlcity.

The TSC level also diminished significantly in both

Jmves of the experlmant. During the first half, eventhough

the reduestion was not much significant (P<O.OS), it was

highly significant (P<0.01) during the second half. Halverson

^ al. (1970) reported haemolytic antesiia in rats f«N3 with

sodiuii selenlte, tnit no haemolytic reaotion was noticed in

the present study. Rigdon (19S9) stated that selenites

tnOrtfere with the eaeyme system oonoeKned with iomstlea of



•rythroblasts in duota* Tha nduoed TEC count in OMpori-*

mental animals ooold be due to deieetive •yythcopoesle on

account of malnutrition* bone marrar Iqrpoplaaia and tmmitUm



ummaxtj



SOMMOr

SelmlUM toxieity was inducad aacparinentally in six

oalvaa by thriea waakXy oral adminiatration of aodiuM aalo*

aita at ^a rata of 1*0 aoAa body waiyht for a parlod of

34 %«a)ca whiXa two oalvas aarvod aa ooatroX groop* All tho

axparteuital aainala ^lowod aigaa of toxieity frgn ISIdi waak

oflMurda* Tho invaatigatiooa CMprisad of racordiao tha toocio

naaifaatationa# aaes^p«y atudiaa# aatimation of plaana protaia#

plasM Titania A« haamofltiMn (Hb), volunw of paOlwd rod

oalla (WKC)# total arythzocyta oount (TSO^ total loooocyta

oaiat (XLC) and aacorbic acid laral in blood*

9ha aaliant toaio maaifaatatiOBa abaarvod wora aaoraxia^

caahoMia# iaeoordiaatioii of ooit* oold and claHay akia# lacri-

•atioa and va^^iratory diatraaa foUowad by fmaaiinni aad

daath* At tha paak of tha toxieity# thara waa acoalaration ^

pttlaa and raaplratian# auboozMl taaparatora and pala aad

watary wooaa Mateaoaa*

thara waa aigaifieaat rodootioa (F<0*01) of plaana

vitnin A levol throughout tha pariod of otody** Naaa valuaa

of vitmia A in tha firat half (1»12 waalca) in tha anparlwwntaX

and oontrol groupa wara 30.07 ± O.SP /ig/dl aad 32«a9 ± 0*49

yao/Al raapaetivaly* tha oorraaponding valuaa ia tha aoooad
half (lf-24 waoka) wora 32«56 1 0.38 ^61 aad 32.39 1 0.4t

yttO/flJt.

Xha aaooirisie acid loval ia blood also rooordod aigaifieaat

roductioa (P<0«01) ia bo^ tha haliroa* Vba naaa walnaa ia



•KperlmantaX mlflwls 223.12 ^ 3»4€ ^4Q/dl and 162.32 ±

4«8 /M/AX nspeetivaly ia th« first and Moond halws mm

«0«inst 274.38 + 1.41 ^g/dl and 275.21 ± 1.17 y^/dl in tlMl
oentroX group, thora waa no aignifieant dhanga ia tha plaj

piotain laval batwaan tha aaqpariawntal oad oontrol oalvaa ia

tha first halfI bat it aignifieantly raduoad (P<0.01} during

tha aacond half. Tha mean values in tha experimental animal a

wata 7.53 0*09 g/dX and 6*30 ± 0.13 g/dl in tha first

and aacond halves respectively# while that of oontrol wara

7*7 ± 0.07 g/dl and 7.29 0.04 g/dl. Similar cdiangas wara

obsarvad in VPRC laval alao. Tha mean values were 29.68 ^

0.349( and 25.09 ± 0.49% in the firat and seaood halves in tha

aiqpevimantal groupy while that of oontrol antawla were 30.58 ±

0«3W and 31.08 ± 0.S4X raapacEtivaly.

TEC level ia experimental animala was slightly raduoad

IP 0.05) duriag tha first half. Sot in tha aacond half a

significant fall (P<0.01) waa observed. The SMa valuea

ware 5.16 + 0.4 mill./csn and 4.82 ± 0.03 mill./«mm gespea

tivaly in the first and second halves in expesisMmtaX misMla*

whiXa that of oontrol group wara 5.42 miXX./cHi and i«S8

e.09 miXX./<Mm.

The reduction of TUC XeveX was significant (P<0.01)

oaXy duriag tha saoapdl haXf. Tha mean vaXuas in axparimentaX

animala wara 7243.86 66.2 GeXXs/caai and 5905.62 x 84.14

oaXXa/oHa in tha firat and aaooad haXvma raspactivaXy* Tlia



oorreflponding values In th« cont3:ol group w«x« fOOO ^

148.52 oell^'^cnin and 7066*67 ± 124.67 cella/cnm* Ceepenble

changes wera observed in the haemoglobin level also* The

flMn values in eTq^rlmsntal group were 10.28 ± 0*11 g/6X

and 8«31 ± 0«X6 g/dl respeotively in the first and seoond

halves whereas that of the control group were 10 *08 ±

0.06 fl/dl and 10.43 > 0.09 g/dl.

The gross and nioroscopic pathology o2 internal organs

in experimental animals revealed that the liver was the pri

mary organ affeoted followed by kidneys* heart* gastrointe»»

tinal traot and the brain. The pathological lesions in the

liver were focal, haemorrhages* fatty degeneration and aentri-

lobular necrosis. Kidney showed focal areas of degeneration*

neduUary haenorrhages* tubular necrosis* cloudy swelling and

fatty change. Varying degree of degeneration* necrosis and

lyn^hocytic infiltratlm with replacement fibrosis were

observed in cardiac muscle. Changes noticed in the gastro

intestinal tract were oedema* focal haemorxhages* and areas of

necrosis of the mucosal and subnucosal layers. Oedema of the

parenchyma* satellitosis* gliosis end neuronophagia were the

changes noticed in the brain.
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ABSTRACT

K^porlment^l studies -vere conducted on six calves

looping two as control by oral administration of sodium

solenite at the rate of 1.0 mg/kg body weight thrice a week

ovsr a peric^ of 24 weeks* Visible signs of tOKicity v^era

noticed only from week 13 onwards in e^^rimental animals.

ne clinical toxicologic signs recorded were anorexia,

cacheKia* iricOordination of gait* increased pulse and res-^'

piratory rates, pale and watery mucous menibrane, sufcwormal

t«nperature» cold and clamrty skin# lacrimation and respi

ratory distress followed by recumbency and death, liabora-

tory evaluation of plaeraa protein* plasma vitamin A» haemo

globin (Hb)* volume of packed red cells (VPRC)» total ery-^

throcyte count (TEC)* total leucocyte count (Tic) and ascorbic

acid level in the blood were carried out at weekly intervals,

since visible signs of toKicity were observed from week 13

onwards* the parameters studied were divided into 2 sets}

1st to I2th weeks (first half) and 13th to 24th weeks (second

half) for statistical evaluation of data*

In e:^rimental animals* significant reduction was

observed only in respect of plasma vitamin A (p <0*01)*

ascorbic acid level in blood {p<0*01) and teg, (P<0»05)

during the first half* whereas all the parameters studied

showed significant fall (P<0.#01) in the second half. Tt»

mean values of plasma protein* plasna vitamin A* haemoglobin*

Vi^C* TEC* TLC and ascorbic acid level in the blood in



e^^rlmental animals ware 7.53 + 0.09 g/dl, 30*07 ± 0.59 ]Hg/<31,
10.28 + 0.11 g/dX, 29.68 + 0.34 ,5.16 ± 0.4 mill./cami,

7243.06 + 66.2 cells/cnro and 223.12 ± 3.46 jUg/dl respectively.
The corresponding valuas in the contxol group were 7.77 +

0.07 g/dl« 32.29 + 0.48 pg/dl, 10.08 + 0.06 ^dl« 30.SQ +
0.38 3.42 i 0.09 miU./anm, 7000 + 168.52 cellG/aim and

274.38 +1.41 pg/dl. During the second half, the mean values

of the above parameters in experimental group were 6.30 +

0.13 g/dl» 22.56 ± 0.33 ^g/dl, 8.31 + 0.16 g/dl, 25.09 + 0.4955#

4.82 + 0.03 mill./cimip 5905.62 94.14 cell^cmm and 162.32 +

4.Q fxg/61 and in the control group were 7.29 + 0.(54 g/dl,

32.29 + 0.48 fig/dl, 10.43 + 0.09 g/dl, 31.08 + 0.54 5.58 +

0.09 miU./crara and 7066.69 + 124.67 eells/cm and 275.21 ±
1.17 ^g/dl.

The gross and microscopic jpathology of internal organs

in es^rimental animals revealed that liver ±3 the primary

organ affected followed by Jcidneys, heart# gastrointeBtinal

tract and brain. The pathological lesions noticed in the liver

were focal haemorrhages, fatty degeneration, centrilobular

necrosis and varying degree of fragmentation of hepatic cells

with congestion and dialatation of capillaries. The lesions

in the kidney were focal areas of degeneration, medullary
haemorrhages, tubular necrosis, cloudy swelling and fatty
changes. Varylrig degree of degeneration, necrosis and Ivmpho-

cytic infiltration and replacement fibrosis were observed in

the cardiac muscle. Changes noticed in the gastrointestinal

tract were oedema, focal areas of haemorrhage and necrosis of

the mucosal and subroucosal layers.
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