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CHAPTER 1

INTRODUCTION



Ornpln 1

INTYODICTION

The survival of an onimal depends upon ita ability to
resist a wide varicty of infoctions. This is achioved in
£hoe hiclogical systen by cach spocies noscansing certoin
innate imrunologlesl resictanco unien docs not soequdzo HE0-
vious contact vith the orecific infoctious anent and by Jhe
accuized resictonce unlch dovelons uatn the andncl qoto
cxpocad Lo the infocvious agones wilch poscesses antigenlc
detormdnants. Tolo specilice active dmrwndty o rediated
thrown humoral ond colle~—cdinted irrune roactions. Tae
droontonce of the dmvune rocienism in meintaining a dlscave
freo state io vell illustroted by tose diseases in wadch
drrune wohondom is Qeficlent. “nimels wich delicioney in
tho mumoral or gelleredlacod frvmdsy doveolon seoious and

sonetires fatel infoctions.

The idrrunolodical gormotency of the ondnel and ©2cis-
tance te dafoction is a relative stato and depends unon @
large nunbor of vormlot verioblcs., Tho dichwtory of tho
furmne systen o well knoum and these syolcns aliaouah bave
dilferent developiaatal pat way, co~ororate to o greal ommecnl
in laying out an effective drymaace horrder in the host cgating.
tho dnvading agent. Ag long as thooso tuo drmwme Sysiong are
functioning effectively the andmal resdiots the 4-fcctlons

contracted fron the rlero-onvironwent and il ourvivability
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ig onsured. Tor tho destruction of tho invading agont and
for the repair that has to follow, adeguate participatcion
£ tno irrmncconnetent cells is regquired. The defence and
repalr unich arc closely inteyrated phadses of & delicnue
reaction cnoures provcction of tissues agalnst Injuries

induced Ly the dnvaeding cgent.

IL hag now beon recomizold Lhat it 4s the imwncledical
conpatency that detenidnes the £ate of majordity of the dlg-
case pProcesons.  The actiological agonts aft »rosont auory-
vhere aad it 15 the deficiencoy of the ifmrunologleal coorekonoy
that loads to the ceocuryonce of o dicoase. Oncoe thoe ddcoase
is controcted, the outeowe of the diosase ls larrely doterw-
rdned tw the immunologloal coenpoteoncy of tho hoot.  Agolas.e
thils backoround 1t has heen nov considered voruhvhile o
stimulate the drimmncloglcoll rogpoise vhich involvaes indroticn,
suppregsion or arplification of the Awouie gyston as a orl
of an anwproach to troatront of diseases. Thorgpoutac stimue
lation of the ismung system oy be desgirable in SO COSog
with lmrunodeficienoy while su prasplon may be acceasitated
in corlaln othor cases. Imunomodulation nay e ozeelilic or
non~opocilic. None=snoclific irmanoestirulavdon of late hwo
hean oxtonsively used as an adjunct bto thorapy dn nany of Lho
non~speciilic infectlons. Lovandcole ds ona drug waich !ag

beon used bWy mony in ondmal and hunan rodiclnos.



rlunough, ruch 1o not lytm about the dreanopatiholesical
raschiong taking Nlage in the body, rocontly sclentiske are
ghoudng een lalorost to wylerstand the lntriccen and doli-
@atoly balanced dnrunorcthologlcoal reactions taking place 40
the body vhien plave a plvotal role in nodulaeting Lho Jlocase

procesa within the host syshom,.

Tt is an accopted Zagce that in oost of e Infeclious
digenpas there Lo an imagnologica) on slausht 02 vhe dawediag
poant and the oechands 1 orerates difforeatly in JiIforoat
discase procossaes.  lovaver, dts oparatioaal ¢ricept 4o not
woll undersiood. Thoere hos Lbesn resorts of i aaclonicll
brealdom in ran ond anincls due Lo veristy of Antornal
external faclows, To undorctand tha oasie Lenclicial  xo-
casses invelved it theso rochanises thore is aczd to wy orstand
the Irvunopoathololaal resekiona involved in oo Qizensc

DPrOGesS.

Poncumonla is ono of Lho Ccoron Jiscascs oncounverod in
kids ond thils causcs considerableo morbidicy and mortality in
tho stoglz, Therefore, 1t vas declded to take ur an investigae
tion to study che immunologleal back. round of L i1lls dwing
the pneumonlc procass to acoess Lhe reole of imrwane moaghaaisn
in pneurnonla nd o avaluate Lo Joone of dmmunchodulation

in tho management of thie discasc.

since aflato.dn is a myocto dn vnich gorionly gontand-

nates the foed, taking tnis as a modol of an Lr;manosusprassuve



agent its offect on the irgune systen of goat was also token
up for invostigation in oxder te assess its role in praci-

pltating the disoasse process as an irmunosuppressive agent.



CHAPTER 2

REVIEW OF LITERATURE



CIMPPIR 2
REVIIN OF LITERATURE
2+1. Incidenece
2¢1l.1, Kerala State

Rajan et al. {(1976) investigated into the causep of
goat mortality in Rerala. Bogsed an postemortem obscrvations,
they reported that 16.64% of the deaths in goats wore due to
pneuroniae Plftyone per eont of such ceases wore anong xids
belov six months. In 1979, lenomohen gk gle. conducted a
conprehonsive study on the incidence and aetdology of kid
mortality An the State. out of 767 kids died during a period
of £ive years (1974-1578), 170 kids (22.2%) were found to
nave died of pneumcnia. They also found thebt pneumonis was
the primacy causs of death in kids below three months (92,967 .
Nair (1982) found that mortality in goants due to pnewsonin
was 53.45%. KXids belou gix months of age uare more prone to
the diseaso (67.8%). Sreclhumaran (10084) attributed pnoumonia
for 20.8% death in neonatal kido.

24142, Indda

Minecrt (1930) zozortaed that ponounonia was the Arportant
cause for kid mortality (39.3%). In ladiya “rodesh pneumonla
was attributod as the cawdse of deoth Lor 130 of shoop and
goats {Tiwarl and Panddt, 1964). Gupta and Raojfys {19269) made

si~ilar obsorvations in Uttar rPradesh.

Bhagavan ond Singh (1972) found pneamonic losions in



170 goats out of 850 goats slaughtored in Taoral. [Miteal
{1976) staoted that kid mortolisy was mostly duc to pnowroaio.
He also cobhacrved highest mortallty arong kido below oae monun

of agCe

Benerjec and Gupta (1379) observed high incldenco of
goat mortaldty in Punjob, dve to discasa ol Lhe reoplratory
system. Seiraculu (1982) in Andhra Pradesh and Gupua and
verma (19043 in oihar stated that pnowwnla was Lhe oajor

cause of rnortality among (oats,
2ele34 Othox parvs of tne globo

Cotlay ond Liyed (1965) describod nonefatal toapisatory
Aiceasc in (oatg in Austraolia. Acute crudative pnoumonda was
a najor causc of death in oheep and goats (ilore, 1970), Sove-
rol authors reportcd tho discaso from dddlorant parts ol tle
vorld, iocluding Ranmatunga, 1971 (Coviendi Peorson gt qi. 1972

(nriconals Ralwan @t ale 1975 (Dengladesh): Namdy ¢t ale 1070

{Castormn Hgoria) and Ojo 18976 (Rivor State of Nigorial.

Ojo (1977} stated thav coprine rnaumonda was zoporicd
a8 early as 1854, i roviewed, the then availoble litersture
on caprine paneumonia. s desordiptions wore rostly conlinod
£o oneunonia due Lo yoonlesta Sphe

fanlres and "tloan (1972) desceribed the Ceatuzon of
caoprine mouronias orevalont dn flexico. Caprine onownonda was

orovalent in mouy countrices including “evva {lasics end



Rurangirva, 1979)3 Dololum (Coussonent gh gl. 1980} Swelen

{Doloke ei al. 1902) and poctugel (Concalavos, 1982).

[

» 2. Dtiology and pathology

2e2els Pnoumonia due to bactorial organlsas

Cooper (1929); Ponde (1943); pillat (1965)3 Iugera ond
Erapor (1867)3 Nomachandran and Sharra (1969); Pegron (19745
ojo (1976); nillad ot al. (1979): dabyol gb al. (1990)s
Baker ot al. (1980) Tordagode gt al. {(1961) asd vauslhidl and
Halra (1993) studicd tho ctiologdeanl asnects of pnowionla.
Thoy attributed the follouving organisms as the otlolojdcol
agents and pointed out chat slthouch nony oetorlal organisrs
vere recorded as the otiologleal agents for coprine nourwnia,
Pastourclia app. ond 3Streptogoced sppe vere the nost £ro-uent
isclates. Olhor organions includod, Sglmoacilo pbortwg ovig,
IHeorocoeous oppe, Fasiformds necroshorys, CitZobictor whies

Drotous snp., LOLOrobachtor Sppes Detinobocdillus Jicnoroecd,

A

Dschesichly coli, UMoraxcaila hovis, Salgella oom., Dacnwohiluo

ovig, Iryseplothri:s: sop., Dseudoreonas aerugonoga ond aduthia
SP T

Pathology: Dactericl pnewronia fn lombs was charcoterl.c
alstologicalliy by the sogquential ocourrence of four Jdistine.
stages (llecovons gt al. 1957). In stago I thovo -an lalla voe
tory ocdema and proiifcrcilion of oophal cells. It vas Jolloi
by cevere infileration of leukocoytes into the tissue {(stage I3
Inflasrmatory ¢ells vere reoplacel by £ilxdin in otage IT7I,

Gradual rosolution occurreed ia stage W,



Courlay and Zarber (1969) obncrved cevore agdomn and
con_estion In pnegstonic lung. dotologiaolly intor-lolxlar
comective blosue was prondnoal. In loss acutl ¢azeg the
apical and cordisg lobos worae consolidirted and there vas gons
grenous plourlitis. Adcuto suppurative moumonias hogormhogle
pnoumonia and intorotitial racumeniz voro also recorded in
goats{Dhagavan wnd Singn, 1972%. gSarlor acd 2hatracharya
(1975) obaerved multiple abhsccosces of varying size, adhooion

of ploura aad intetlobular septa in Corynobactmzium ovis

infoction, Manomchon (1980) focund consolidotion of apfoal,
aordiae and intemmediate lobeo of oneunonlo lungs of (oots.
Thoe cut surface vas grev and coarsely granular and brocchial

contantc VONe rucopa Y ulont.
2.224 Pricamonia duc Lo viruses

Viruses were also rgported as Lh: couse for caprino
pnounenia. Igoportont viruses responsible ior capeine oncarmaia
wore Adorovinus, Respiratory synoy.dal virus, Reovirus tyye
1, 2 and 3, sarainllucnzae3 viros and Rotrovimug {(Custa, 18968).
Chovhan and Singh (19693 and lordy ot 2. (1976) isolated

Psittacoslis lyrphoprenulona virus ond stoiabdtls Sne o=

enterdtis virus rosmectively Zron diseased lunde

Pathologys 2 fow authors includlng Jdupta and Rajyoe
(1969} ond Simo ob o). (1933) described the patholojy of vizal

pnewonia in goots. In most of % cooes, aplcal ond or

-

caplios lobes vewe only Involved. A€footal fadis wiel CONSo=

lidoted, grey ig colour ond gronular in comsistoncy.



Hictopathwlogically thore vas prolifcration of ¢ dtpoollun
and tondency o form svacyblum. Perdbroachilcl oal porlvesous
lar ouffing of lynpheoytes and acourul wlon of honogoaous

cosinonnllic meteriel In the alveolar spaco vere also prelont.
2+2.3. Pneumonia duc to Hycoplasma

nocording to 0o (1077 Uveopkacma wvgelides ouo Sps

Mycoldos was the rost coman agent rasponsinle fog caypriae

paounonlias.

The pathologionl foatures vacicd In Allfcrent oosce of
mywopiasnosis. Howover, uniloteral lohar tyne ow pnouronia
{LonQly, 1940) croaupous and catarrbhol meanonla (Trnoi, 1059)
and sleoeritds onl heretiscation of lobas (“4liat, 1905 and
Cocutou and Llved, 1965) wuoxe £romently cacountored., The
channee wvors sirndlar In notursl and expesd~ontad myconiooma
infections (Ojo, 1976). Obscgv-tions mede by Bonorjec 2t al.
(2070) Fror Iondda acrced witn the acove wlofdngg.  Fho .wosiono
vere kilatcral aad rodiastinal lwon nodec vore Involved i
somg cases {(la.ilio ond Quranad sua, 19791 ond £ibvinous
plouritic vas obgsorved in others {(Zooall and 0fo, 1980 ond
Cousscranu, 1900). Uarbi gl gf. (1901) and Goloke (1982)
isolateld the orgonisng from goats ia Juwedon <0G Congalves
(1982) in “oriugal. Donnsco gb al.(1903) cxpeviruntally
infected k15 vitn Myroplaoma. Theyoo.orved thot whe chonges
vere sindlar in HiAs and adulis. Cupta a0d Vemmn (1934%
Isolated i cnrrccterdeed Alflaront oueclos of "peoplas al

orgendsas €ron the rocdrstory toach of idue
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2.2.4. Ponouncnia due to parasites

ftanachandran and Rajan (1967) recorded throc coues of
preunonta associated with porasites in the lung of goots.
According to Don Durant {1978) goats of all ages wore suagep-
tible wo Dictgacglus filardia and this was tlo importont agent
rogoonsible for vermdnous pneumonia in yoata, [drmoe (3979)
dogeribod siv cages of werrdnous pacunichla in cooty duo 0
{ftlorius spp. Unodlgava cb ale (1083} roosted tuelve vases
of verrinous pneuronia. Tao Lsolates incl .ol Q__égg_zg_c‘ql:{._s_z_g_

filoria ond 2rotestronayiug TioCscoan,

2¢3. Aspessnont of dnrmnomathologleoal ros onoe
2e3.1e "Tleiymphoovtes in tne peripheral blood

Jondal et gi. (1972) dewonstraoted curface rmarkers fon
identiZacation ol Gifferont cells in tle pordpheral hlood.
A lapye nun s of lyerhioey.08 Zozncd nop-irmmune rogottes wish
shecp rod Tlood collo. Such ccllo vere tiyrus dopondont colls.
In tng following vear Limn ord itscherliche {(1973) anployed
the sare teonnigue and stvldicd thoe distributlion of T=LlyrEwico-
aytes and noaT lyrphooyees in the sovishorel blood ol caktleo,
torodn gt al. (1979 asel holin ponatia Lo doponctxote
T=lyrphocybes in Diccd aad rogors anded the sard “or ov. luctdng
buvine lymphooyios.  The awbor of Deroscito rocltive colls

in tho pordshozcd DRoad o7 laltvan ~ool vas. 9.90 1 2.06 %

{674.9 185.6 cellis/ml) (Vang and Shien, 1908%). Domarbind

~
et gi. (1233) obscrved an ov_ented T-lyslocyie rosponse in
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chronic discases. They studied ceprine asthritis-encephalitis

Aue to retrovirus in goats.

T cell norkers in bloods Antibodies, complement, bacte-

rial products, yeasts, enzymes and heemagglutinsting agents
were used as T eooll narkers in andmels (Johmsson and lorein,

19683; fuller, 19843 Melonghlin, 1984 and Toymbal et ale 1984).

Aeld alvha naphithvl acetate estarase activity as T cell marker

Acid alpha naghthyl aeotate estovose (NWPR) activity was
domenscraced in hunen lyrphooytes by i gt ale (1973). The
estorase activity was proninont in lymphooytegs, ospecially '7°
cells and was used as a ' coll marker (Muollor gb gl. 1975).
Later Osbaldistan gt 2i. (1970) rocognised that AIAE activity
of lyrmhicovies could be used as a 'T' coll marker in dlfferent
gpecies of domestic animals. They succoessfully oxployed the
techaique in denonstrating Lhe T eells in cat, dog, gost,
ouinea plg, homoter, plgs rabblt, ret and sheep. The soterase
activity vas recognised by tho presence of megonta coloured
granules op doposits in the oyboplast. Uhon the pi of the
staining colution was altered, esteraso positive reaction was
seen in monocytos and noutroshils. Yemeth ot al, (1979) eva-
luated AAL positive colls of shoop sufferdng from lymphomse
Reddt et pi. (1930) demonotvotad MPRE sctivity in lymphocytes
in the perlphoral bDLood of cabbtle. Thoy recommended the toat
for routine use in donectico animalc,. Dsterase pocitive colls

of vhecp wore recorded o decreuse Mn Listorda monoeytogeones




infoction {Vochnil gt al. 1981). Dhingra gbt al. (1982) observoed
that in T @ells tnore was gphorical or eval reddlisn brawm (ra-
nulay reaction product sdjacoant to the ¢oll mombronc. Dut it
woa detomted as diffuse xed azcas in Lhe nooroshages and rono-
aytes. The numbor of VIAD positive lyphooytas (26.84 2 2,56)
was vhe sane as Derosctie forming cells (26457 4 2.08) in too
peripheral bloed of goats (Sulochona gt al. 1982). According
o Dixon and tlorlarty (1983) the ostoraste activity was not o

useful tool in cvaluating owine 7 colls.
2+3.2. Aszosoront of phagocvitic activity of noutrophils

Dachner and flathan {1967} ossorved thet ltroblue

Tetracoldiun (I'DT) Cye was rvedueed by noutrorhils in witrg

and roduction was cnhonced during rhogovytosis. In tho JOllove
ing voar, that proverty wes used as on iludieator Lo asscas who
phagooytie activity (Park cb ol. 1268). In ran 8.59 neutoo-
phils were NOT positive ond was incroagsed to 29-47% in baoto-
rial illness. They poinced out Lhot IMT could be ased to
differontliate wyogenic infoction fron others. RBactorlal pro-
duots lile cadotonding onhanced toe phagocoytio ~woporty (Park
and Goold, 1970). The phacoaytic property of neutsophils vas

attributed to WrD'T onidace systom (Anonyrous, 19715,

Bare (1978) orployed the DT foot Lo assoss tho Sunction
of noutrozihils in the perlpheoral blood smear of nofmal and
animals ailing from nectitis, and coprine pleurorneuncnlae
He orcorved thad tho nunker of % positive coells incrcooed

during infcctlong. In rato the nunber ol IMT sopitive colls
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wao found to e inareasoed following stirulation by bacteriel

produets (Mhaldfa, 1084%.
2,3.3. Response to 2,4-Dinitrochlorchonzens

The hyperponsitivity rooction induced by thoe chemical
hapton, 2,4-ninitroghlorobonaent (MM} was videly used o a
cutanoous reaction to oosens the collerodiated lrmune roo-
ponsa {CLiI). It was uced to assags the O in man (Cro'm
ot al. 19675 Diitor and “ortow, 1970 ond Alogabtl, 1979).
Thy uwoed the test tu cvaluate OFI 4n petdento sulforing from

dlfL7oront Lypes 0F dancel.

Ta voterinacy litorature the roporte on DUCD glidn est
were only feuv. bDrumorstodi and Dasse (1973) studded the
regetlon dnlucel by NICD in colves., Thoy scnsitised the gidn
for gcoven ocmsecutive days and at different congonvrations.
Later thoy applicd cnalleongo dose and studled the roopoase at
43 snours. Histolonically thoy found porivascular cufving of
Lyiarhooytes, nacrophagas and eosinophils. Tnoy rocomonded
MY Lo aggess the €T An arximols. Jenndnga {(1979) evaluated
e D3 regponse of ¢ilves. e usal a 2% solutlon of Glw
chiemical in ooetone, Ile aoplicd only one soncitising dosg.
Challenge dose was given afrer 16 dova. Reddi gt ale. (13000
rogomaended the bsost for routine use for avelunting ST in
cattle. Rajan et al. (1081} standordised the zechnique Sor
evaluating CI1t in goets using DNCH, They used Q.4 il of &

25 soluclion of DCB in agetone Zor seasitisation. N challenge
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dose of 0.25 ml was applied after 14 days. Skin thickness
and histolegical appocrance at 24 and 48 hours were talen ag
ehe oriterla for evalunting CMI. By adopting the same proce-
dure Paliwal ot al. (1985) supecssfully evaluated CIIX in goats

in Johne's disease.
2.3.4. Responoe to phytohasmagglutinin

phytohacmaggiutinin (PR}, 2 non-specific mitogon vao
used as a haemagglutinoting agent ag early as 1940. lmell
{1960) found that PHA possgssed remarkable abllity to infiiate
mitosis of lyiphocytes in culturce. The transformation of
lvimphocytos into blost collo was used as a markor {or the
aggsossrent of CIT in ran (Dlease gt al. 1973 ond Zuckerman
et als. 1977}« Thoy used the tect to agscas the T of normal

Individuals and cancer patlonts.

PIIA Wag uced Lo assess the irrmamolaglical reactivity of
norral and disoasced animals. Both in vigro amd in vive tests
with PHA were designed ond oroloyed in domastic aninals to
assess ClX. Powell (1950) deseribed the in yitro use of PIA

for cvelnating the octivity of chichen lymehooytes. Haggard
et al. (15830) awvaluated the I rosponse of calves in expori
meatal jcdine tomicoois using PHA.  Thedin gt al. (1981)
employed both in vitro and in vivo PHA tests to assess the
CHIX in horses. Thoy reporied thet gogponoe to PHA uas an
indicator of delaved type hypersensitivicy resction.

Rajon gt al. (19G2) designed andd stondardized the PHA



toot in goots. They injocted 10 pg of PIin Antradomally.
The degrec of indurstlon of tho skin end the histolegical
api carence after 24, 48 ond 72 hours werg the crlterla for
agsesoing the ONI activity. They rocowwended the ula of PIN
toost as 2 convenicnt sitdn test Jor assaying the C'I zosponue

in goatc.

SUA wag used £o anoess the frmunocoootance in horoos
(holil ot 2le 1982). It wos also amployed by Holley (1232)
to evalucte the offoct of heat and cold ghress on Lho Iroune

SYotehe
2.3.5, Imranoqglobulins of goat

reinstedn (1969) demonstrated diffcront classes of
Lvanoglomling (Ig) in goato. e found that goat I 4o
similar Lo thosc in olher specios, with regpect O structuaro
and corplenent activity. Castro (1977) attributed antivody
activity o all closses of Ige %here was siondflcong corro-
lation betreen Ig envnteont in serun ond hamoral irmuno status.
Turther he ostirotoed the Ig conteont in tho sorun ag 33 v/l
and 23.8 ryy/ml in adult goats ond kdidae. Varietion in Ig con-
contration occurred in diffcremt broeds of goats (Hair ol

3alalrdishnan, 1903).
23604 Imunoglopalin in discases of the Nesplratory Systom

Williars gl al. (1975) conducted cuantlitative studics
azing zine sulphote turbiddity tost and oalial freymnoddffeosion,

on bovine imminoglobuilin. Thcgobsev:vod that Lho nean
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garmoglobulin contont in the serun of normal calves was
25427 4 1,98 vy/ml while that of the paow onlc cnlves wasg
only 16.72 & 1.69 /b, The survivability of calves vwith
higher gomnagiobulin contont wag nore {(Raje and lelalirdschnran,
1979). Davidson gt al. (1981) rocorted that the Ig cowoitra-
lon in nurmel ealves (2600 sg/100 ml) wvas vore thon tlosa
sufforing “rom pnowronia (1267 mg/l00 ml). 2loa (19502} -
ployed glutcersaldehyde coaculation taest and cvaluocted ¢
rolation Zot.een corun imuncglobalin lovel and Jnoaidoncs of
meunonia and enterdtis. Tho rortality rake Jue to thece
diseasen was nore in hypovammaglobuliaze e calvoes (1.3 9.
gindlar obsorvatlonsg vese nade in ids (Uair o3 Delakzishnan,
19483). In Mido wikh lov ezt T, concontration tho mortaldty
rangad {ron 22.2=-500%, Thoce ido with Ig concont.r.oidon above
21 m/ml hod a greator chance of survival. Cozbell ob ol
(1984) investigaled Th content in scesuwn oad masal sccorolicn
ol colves at the onces of pneurenia, They Lound that rnouronia
occeurrad at or jJust after the tine vhen TGy s IG5, and I7A
coneentrations In cerum and comolned Tg concentration o sesun
and nasal cocrotlon vore lowost,
337, Noterningtioa o garvasglobulin in tho soram

The convontlonal wethods o deterrmine guroagiobulin in
che serun wero amnoniu sulphate test, ozeclilo notaod.
odien sulrhate teok, Zino salphiio tarbidity test awl Tefricto-
riator nothod (Paterson, 1067 and “MoBoath st al. 1071).  Thoy

found hign corrolabkiom betveon L@ v-iucs obuodned by cine-
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anlphate turbidiny tesk (Z57) and other methods o dat&mim

garmaglobulin in scrun. There vas direct relationship between
the values cktained by 5T and paper clectvophoresis in deter-
mining the concentration of gamaglobulin (Volvenko, 1973)s
Barbor (1976)

obtained by vax;‘&sua methodss He prefeprred 25% dver othar

opared thé cencentration of gammaglobulin |

tests becmuce of the accuracy, roliability and olmoplicity in
progedire, Nandalumar::: (1981) oboerved thok 25T was uscful
in evaluating gamagldébulin in the serum of neonabal lidn,
2,4, Immropathological rasponse of kids in afletoxicosis
2,41 Introducticn

Aflatordns are o group of fungal metabolites produced
by Asperciliug flavus, Aspergd
fungi. Eventhough several fractions of the toxin have becn

1lus parasiticus and related!

reportad By, B,, Gy and O, were recognised as the importent
oness '

hsplin and Carnaghan (1961) and YWogan (1966) reported
that the susceptibility o the toxin varied with respoct to

spocica, czzwéziox: (1974} recorded the maxisum safe lavel of

toxin in the diet £or differaont specics of anincles. e Aid
not give the maimin safe level £or goats. For sheep the
lovel was 1.75 ppm in feods |

animal ﬁa'eﬂﬁ- worse ofton contandnated with afiatoring

{Zoquiordocorser, 1976 and Drydon @ al.. 1980}« In Xerals,
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state (India), Meryamma gt al. (1982) conducted an anslytioal
study on iilvastock foeds. They found that rore than 500 of
the animal feed samples contained sufficlent concentration of
aflatoxin to couse toxicity. They also obzmaxved that tha
prevalence of disease was more aveng those anirals fed cone

tardnated £oods.
24424 Aflatoxicosis in young animals

MLk wap the major sourco of aflatoning for young onimals,
Aflatoxins apreared 4in the rilk of cows fod aflstoxin contaw
minatad feoed (Masri et zl. 1967). Toxiclcy was not reduced by
spray drying and peasteurisation of milk (Allcroft ¢k al. 1067},
Adomasteuanu et al. ( 1974) found thet aflatoxing can reach the

foetus through placentsl circulation.
2.4e3. Aflatoxicosis in coata

HMaryarmma gk ale (1975) studied the clinicopathologieal
foaturaes of aoorine aflotorticosis. They rocorded snaemla,
lothangy, wealknoss, dolayed bicod clotting time, lctorus,
woeight loss, incropse in semmm enzyre gotivity mnd death.

There was reduction in RBC count <nd decrezse in haemoglobin
concantration. Samrajoewa (1975) rccorded spontanoous outbreaks
of aflatoxicosis in goats in Sri Lanka. Ouk of SO0 animals,

194 died after congwuing contominated foeed. Toxilelty was

found €0 e incroased by protrcatmont with phonylbutasone and

two bota flavones with or oithout methano sodiws thicsulphate.
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Hovever phenylbarbital with glycerine and sethone sodium
thicoulphate had boneficial effects in reducing the toxicity
{llatoh et al. 1982a). The same authors made an apttempt to
treat toxicity with antibocterials and steroids. ampledliin,
sulpha drugs and dicthyl carbonagte wore not cffective. Howe
ever, coats roespondod favourably to tractmont with activoted
charcoal, ansbolie steroids and oxytetracycline {iasch of al.
1982b and Hatch 9 al. 1932c}. Clavk gt al. (1934) avaluated
the clinicopathological featuros of caprine aflotondoocsia,
Decroased food consumpting, olight to modospta velght loss,
mucopurulent nasal Alschoruo, dvopnocea, couching, letharyyr,
icterus, diarrheea and subnorml body terperature were recorded
before the death, Thore wes increase In R gount, 7CV, hsomo-
globin concentration, sorum bilizubln eoncentration and serun
activity of agpartate aminotransierase, lsecieric dehydrogonace
and crnithine garbamyl tronsforase. Coots did not show cone
pistont dosc reolated changes, copeclally with rospect to wotol
protein and secum aotlvities of alanine aminctronaferasc and

aikaline phoaphatase.

Miller (i984) xecoxded the pathological changes 4n
aflatonicosis in goats. In the blood there was an incroase
in gammagloinlin level. Eventhough thore was reduction in
betaglobulin lovoals, the chancges uere not dose rolatod,. At
necronsy the carcasce wag found lcterie. they loslons vere

asgltes, pallor of liver, petechial hogrorrhoges of mucus
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membranes and nasal discharge. [licroscepde changss included,
bile duct proliferation, hepatocytic karyomagaly, hepatocellus-
lor degeneration, pnoumonia, rhinitis and proximel rensk
tunilar nephrogis. The pathological changes varied firom
animal to animal.

2+4.4. Aflatoxing ond formnity
2.4.4.1, Effgot on xesistance of the body to diseases

The effock of aflatoxin on the zesistance of the body
varied. Smith gt al. (1963) reported that it did not affooy
resigtaace in poultry. But Pler and Meddleston (1970) and
Hamdilton and Harrdis (1971) reportod that aflstoxin reduced
the resistanca. Many roports pointed out that In aflzgtoxi-
cosia, the resistance of poaltry to dlseases wag poor and
mortality rate was incroased (Broun and Abrams, 1973, and
Boonchuvitat and Hamilton, 1975). Miller ot al. (1978)
raported that pigs on sflatoxin contarinated diet wore highly

susceptible o salmonellosis.
2ebede2. BEfect on antlibody Formation

Galllcev et al. (1968) studied the effect of afletoxin
on antibody formutione They found that in mice the agrlutina-
tion titre in typhold infection was deprossed. Thore vas
reduction in the munber of plecma cceils in the lynphaode and
spleon. antibody titres verc lower in Birds in aflatomnicosis
(Plor and Heddlelston, 19703 Piler gt ai. 1972; Adinarayanaish

et al. 1973}, towover, in certalin cases thore was an increase



in garmeaglobulin content in the serw. (Richaxd gt al. 1073
and Thurston, 1274). According to Plor et al. (1974} taoxe

wags no change in antlbody titra,
2e4ededs EBEfect on coli-ncdiaked 4rrune rooronse

aflatonin £, fnhibitod whe activity of human blood
lyphocytes. ™ha stinalation ol lyrphoaytes Iy nhytohaonoe
colutinin vas rodueed (Savel ot al. 1970). Plor gL al. (1072)
noticed involutlon of the thyrws in turkoy. Thay postutated
that aflatoxing inhibited the accivity of T lymbwortes. Aflo-
Loxin reducad tho production of lagration dmhlldtdon factor
ir vitro and reducad the inloncity of cuiancous hyporsensiti-
vity reoctions in vive (Plor ob al. 1976). Aflato.dns signd-
Zicantly roduced the phagreyele prozerty ofl racromhoges
(liller ot pl. 1978). Bodinc gt al. (1984) sade sidlor obvier-
vations and oteted that eflaeboring and thelr metgbolitos lilo
aflatesiicol and aflatgsiin By inhibited thc Jfurctdion ol 7

Ly phoryled.
2.5, Imuncnodulatory evioct of lovedrole

Levanicole, n anthelnintic drug, alse vas dovonastr bed
£0 navae Srmunomodulntory propertics -vhon half the ansbolrinile

doce was odrninicstored.

mtrelmiazic prorerty of lovanisgole vas roportod ao Carky
25 1966 (Thienpont gt azie 1966), hut its lumnomodulotory
property vas doteetod only ion 1971 (Ronows: and Denow:, 19715,

flodden gk ak. (1975) Jouxd thot lovendsole incronoed sho



introcellular crelic cuanosine ronrshosphate wdeh controllied

™y

Lhe rotilicy and georetions. They furilnr Jound that lovand.

pole ephanced tne mitogen indused Pe-cell proliferation.

Arery (1975) postuloted thoi levanicole behaved as oo
antd gnorgic- drug by stlralating the maturation of hlood borno
host. defonce vells. “ocording to Soldotolin, 1978, lovodsole
rindeed the ackivity of Lonnde pomrone thyoopoeleln ond wag

hrousht about hcourh recaptor oilcs on Lho offectdr lodloortos,

ovardoole stirulatod anldedy oroduction, oabancad
grolt=vo=a0ot reaction, incronsed phoagocyeosis Dy nogronadgion
and dnhibdited cunour cravih.  Lovenisole vas wone elicoulve
In zestoodng cffocktor Zanetion of T lvrpaccoy.as and ac O

phaces by otdrulation ol procurser T=gells to diffcrent.sto
i

Into metura cells (Matouara gk al. 1979).

Jon {1981) seudied the in vlvo efloct of loworduoln 4n
calves, e Injeceed Lhe Gru, {350 abk o 7ol ol 7 kg
body weight. He found an cakoneed nonwspacific lvrune z2og-
ponoca ab 24 oours, vhigh gorclstoed for a period of not locs
Lhan “ive oy

Olabh gy al. (1081} studield the cffcet ol lovamigel: Ia
cdchon. A o doce rate of 0.2 /iy poly woldhy, &aerc was
onhanced cuianeous reaponge o M, In scetdons, noveroniails
a9 hasoohille ucre scon dncroasod in oancer, ovontiow, i &Torg

was no choange in tho number of mononuclear phasocytes,
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Levamdegole also increased the Lmemne responso to specific

antigan like Brucclla abortus {Kaneene st al. 1981).

Jayappa end Loken (1982) cobserved an enhanced activity
of bovine polymorphomuclesr leukecytes following levomisole
admdnistration,

Immunotherapy using lovomisole

Tripodl et al. {1973) uscd lovaniscle foxr fmmanetherapy
for canccr in mon. It was found Lo restore collemedintad
Immunity in man. Only a fov workors hove attompted imrunce
modulation in enimals using lovemfsole. Onodora gt al, (1980)
treated casces of rastitds in bovines. They covo the dgug at tho
rate of 7.5 mg/kg body weight vith antiblotic as intromarrmary
infusfon. Using California mastitls roagent ngeval.uated the
rasponoge of cattle. (lony andmalo rocovored ond £l authors
stated that the beneficial effoct was due o immunomodulation

by levanissics

Confer ond Adldinger (1981) observad that lovaisolo
enhanced the rasponse o PIA An ohdcken affocted vich Mexehk's
disease. Dut lovamigole uwith antibiotics had wno .enoficial
effcet in the treatment oL broachopaeumonia in eslvos
{Pakhomov, 1982} and bovine horpos virus infection (Dabiuk

and Mdsra, 1982).

Ishikawa gt oke (1982) and Anderoon (1984) rocomended

levamisolo Zor the treatmont of pastitis in cotlle. The drug
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wae more usceful for protacting Lhe animals f£rom infectlons,
Iorover, it had lictlco offcce on treatment. 3 observed that
jevanisole wag ueelul, {or controlline —astilds waon waod at

the stoge of drying off and sartarition.
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CHAPTIR 3
MATERIALS AND METINNS

3.1. Oxporimental design

*he experimonts woere gonducted on ¢rosse-bred male kids,
obtained from the ALl Indis Co-ordinated Reseasrch Project on
Costs, lannuthy end loneri Goat Far, Tellichory. KRids of
o to Sour months of age wore uced for the studye Sndimoalg
wers mancged accerding to tho seandard recomrendotions, in
four groups, Croun T conslsted of azix heolithy nlids, Croup IT
and ITI gconsisted of sin pnewonic kids exch. Proumonic and-
malg vere randomly sclochked £rom tho hexd bosed on Lhe ciinie
cal syrvtoms. The diseaso wan confiomed by shyolcal exandno-
tion, Kids suffering foom acute pnownia woowy caly included
for tho stady. Oroup IV conoasied of sin 34ds, Thoy wore
given erude aflaboitin, proganed in zico culture, at the dally
dose rate of 0.25 no/ky body weloht. Tho toxin was bLlended
uith jagoory and admindstered orslly to cach kid. Blood
sarples vere collegted fLrom the juqular velin once in three

days for twenty four days.
3.2, Total and differential lovkocyte count

llopariaised Diood was used for the detcrnlnation of
total loutiocyte count. Blood snears vore propared ismediabely
after collicotions Tobol louwimeyhko counts and diffcrcntlal

louhiooyte caunts woere dotermined accarding (o che methol



desorined by Schalm (19065). Mooeluto counts of lyrphooyies

and neutrophils were caleulated froit thoe values obtained.

3.3. Enweration of acid alpha marzhthyl acetate estorase
positive calle in the poripheral bleod

umber of acid alpha nophisyl acctate cotorooe (A7 3

positive colls in the periphoral biood <o determined.

Oleod swears vere propared rrom thoe ponipnoral ~lood,
The smears wvera [ixod irmnediaccly after rreperation ond eloze
dryving., Thoe £inotive contained six parts of acotone and four
parts on 0,030 1 soddun eitrate (pi! 5.4). S ears uere imersed
im the fixntive Zor thirty cecondd, sinsed in Aseilled water
and alr dried {(Cicrne and Toverly, 1900). B corg vere 1.belicd

and stored ab roon Lemaoraculd,

A reaction nivture was pregared £or stoining the o carsc.
In 40 "l of 0.067 i1 phesphate baffer (nll §.0) 2.4 0l ol haipe~
zotized pararosanilinc and 10 mg of alpha nephthyl acet te
{Loba) Aisselved in .4 ni acctone vore added and the flnal

p' of the reagtion mixture was adjustod to 5.0 with 2 °7 sediun

hydroxide.

Thae hexazotized poraresoniline wes sropared by nfadng
equal volwws of swo solutions. (1) Croeshly presarced 477 soddiun
nlerace i1 dictilled water aad (2) ong grem on pararcsandline
hydrochloride (Sigma chomdcals) discolkved in 22 ml of Qistillod
water and 5 il of 12 & hydrochlorie acid. The hoxaroblo

rararecaniline vhioh Zomred was chakon ond thon allowved o
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stand for one minute before adding it to the resction minture
{xnowles gk gl. 1978).

Tho slides vere incubsted in tho reaction mizture for
eighteoen to twenty-one hours ot yoom temperature and then
rinsed thoroughly with ddatilied water. The slides were
gounter stalned with one per cent toludine blue for forty-five
to sixty mimutes, The slides wvore then wachod with distilled
water, dehydratad in ascoading grades of ethylaloohol, cleareld
in xylol and mounted 4in DPX. The slides werae obasorved wyler
oil immorsion objective of a milcroscope. Those lymphooytes
with locolised orange and notular reagtion sroduct in the
qytoplasn vore considored ag positive colls (T lyrahoaytes).
The nunber of positive colls in every hundred cells wore

counted and regorded,
3,4. Phagooytic activity of moutrophils

Hitzowblue tetrazoliun (1IDT) dye zeduction test vas porw
formed in vitro to zssess the phagooytic activity of neutro-
phila. The procodure deseribed by Poacock and Torer (1980) vas

£ollowad.

flepariniced Dlood was used for che {eost and was pesforned
Immediately aftor aollectlons The dyc solutlon was preopared
by dissolving six milligrans of nitzoplue tetranolium (Slsco
Rosoerch Laboratories, Dombay) dn 2.5 niliilitre of normal
saline. Txual cuentity of dye celution and blood were nixed
and Incubated at 37°C for thirty minutes, Snearn wore oree

porad in duplicate aftor incubation. Smocks woere then stained



with “ixd shit®s stain. Toose noncrophils vith rowndon granules
in tiw cytoplosn wore conaldered as positdlve cells. The
number ol positive ¢olls in evory two humdeed noucrophlilo
wore counted.  absolute puaber of DY nositive colls was oals

culated and recorded.

3.5+ Response to phylohaoagglutinin

Call-radioted irruac res-onse (X)) of aor-al Wids, kids
ailing fron zcute preumonia and kids fed aflatonin fow soven
days vas evaluated using phrtohacasgiutindn=t (B170), JOach
crouy contalned six aninnla.  Desponce o MO was deteginined

by erploying the —eihod described by Najan gf al. (10032),

~en nlarosramas of Pl (Bifoo Laboratories, U.) vore
divcolved in 0.1 L of distdiled water. 7The andrgls wox
prepared wy closcely clipning thoe halr oo Lhe nogk. TUO or2as
wore marked for injecving ihe PRI, Tne thicknoss ol e owin
In the arca was dewerrdna? usine a verndor collipers. Pon
microgramnces of TIA was dnjecred 1/D ot cach citee The gun
thicknesa was doter-daed at 24 and 48 Wwurs aTter inoculotion,
Biopsy spacincns vere colleckod feom the gite after 24 and
48 hoara. The apccinens were (ixed In 195 formal saldno.
Paraflfin scetions vcre ocut gt 5-6 microns thicknesos and otalacd
vith llavci's ilog etoxylinecosin. Tho histolonical cranTes
were studied,

3.6. Responce to 2.4-Ninitrochloromoazenc

Coll-vediatad lrrune rasponse 7ac also otilied using the
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hapten 2,4-Dinitrochlorobenzene (MXB). The test was por-
formad in six healthy kids and six kide having olinical
symptons of pneumonia. The method recommended by Rajan b al.
{1981} wos followed.

™The skin test was done on the sldas of the necks TwoO
areas wore marked on either gide of the neck and were closaly
clipped. A metallle ring of 3.5 ¢m diamgter was used to rnark
the arcas. A two per cent solution ©f 1-chlorow?,4~AinitiCe
benzene {Loba-Chemicwionfischamend) was prepsred in agetone.
For prximary scnsitisation 0.4 )l of the solution was applled
over one side. Selution was opplied slowly and drop by drap
and was rmade to evaporate quickly by Howing. The challenge
dong was applied aftor 14 days. DBofore application of tho
challenge dosa, the thickness of the gRin over the two sites
were measured using a vornler celliper. A challenge dose of
0425 ml of the solution was applied ot cach sitos After 24
and 48 hours the thickncss of the shin vwas ageln measurods.
The diameter of the reaction zones was also rmeasured weing a
gaale. Prom seloctod onimals, blepsy spoclimens uere colliooted
from the reaction site, Tha speclsens ware {lwed in fommal
saline, Porafiin soctions wore <ol ot 5«6 micronz thickness
and stained with Harri's boematowylin ond eosin. The histolo-

gleal changes wore regorded.
3.7. Determinatdon of gamagliobulin in the serun

Zine culphate turbldity toet (Mofwan . gk al. 1970) wvas
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followed with sultable modifications. The medifications
were similar to those followed by Handakumar, (1981) for
evaluating the gammaglobulin in the serum of kids.

A working solution of zing sulphata (I %0, 7 Hzo,
Sarabhal Chomicals) was propared by diluting 4.1 ml of 5%
2080, 7 H,0 to one litre of fweshly boiled and ¢oolad double
distilled watcr to give a final concentration of 20% millde

grams per litre.

Tubes were arranged in rows in tho rack. For each
goerun sample thvee tubea wore kept. Oix miliildtres of =i
sulphate solutlon was pouréed into the first two tubes and a
similar srount of distilled water in the third row, which was
taoken as control. Diluted serum (one 4n zix in distillad
water) was poured into corresponding tubos in the £4rst two
rows, so that 0.l ml of diluted serun was added to sixz nl of
zinc sulphate solution. Tubes wore gently shaken and allowed
to stand ak tho room tomperature for one hour. The turbidity
developed In cach tube wos then read in a spectrophotoneter
{Baush and Lamb) at a wave length of 490 yanonetro. The
null adjuotment was aade ajainse zine sulphaote soluticn, The
re2ding of the control was substracted £rom the averago
readings of the tost solutions to arrive ot the optical don-
sity of the individuol sarplas. The optical density was then

gonverted into dmmunoglobulin content {(mg/ml of sorun) using

@ stendawd curve. MAn estimation of the total protein in the

serum was alzo made (Inchiosa, 1964).
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Peenaration of the gtandard curve

2omrerclal bovine carraglobulin (Sigma Chemicals, Uo\)
was dissolved in pooled pre-colostral kid scrum to get final
eoacentracions ranging from 2 mg/mil Lo 80 mg/rml. Thoy woro
diluted with dlotilied wakter at the ratio of one in six. The
optlcool densities wore detenined In spectroghotoretaers Tne
ostical density was plotied in a grooh paper against Lhe cone-
centration of garmmaglobulin and o standard gurve vas pro-

rared {(Dig.il.
3.C¢ Imrunolosical rospongse of kids Lo dIrmunomodulakors

Irmunomodulatory cfZoet of levanisola was studdedes A
ain~le injection of Loverdsole (Helmonil, Alvel, Madros) was
civen oub-cataneously ot tne Tato of 3.75 ng/ly body weiont.
The injecbion was clven to sin heelthy %ido, siz pnounonle
wdds {early agute stoge) and sl 1446 £od aflatoxin for Len
duwyss  Tokal loutocovite count, differcontial leulogyhe ¢ount,
nunbaer oY ATAE positive cells in tho »meriphoral blood, nurber
af NST positiva colls in the rervivhercl blood and ganiac Lobul in
concontration in the corue were ovaluated alteor 48 hovzz,
ernmioying the mothods already described. The cvaluatlons

uere repeateld aftor L£3ve dayde
38s Produgtlon cnd cuaentliation of sflatoxin

n o vortdgende strain of Aswem o illus carasitlcus was odtainc)

aron "The Contral eod TYechiology Rescarch fastltute', fysorc.



Optical density

Fig.l, STANDARD CURVE FOR Trie DETERMINATION OF
GAMMAGLOBULIN CONCENTRATION IN THE SERUM

10 20 30 30 56 g0 7S 85
Concentration of gammaglobulin (mg/ml)
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Foo fynws wad grown in rico, Crude tondn vas stepared
gocording wo the method desoribad oy Shetwell‘f!:léﬁﬁ}. Cule
tures concalndng Lhe toitin was ~oolad togetner zaf thorouaghly
mizmeds It was thon powdored. Represgentutlve samples were
takan <rot sho poudered rice culture and the {oxia conten

in & comnle was assayed following the rethod of fong oxd

Coldolact (19069).

rdeoguato cuantlty of tondn to Zoed six kids at o daily
Gose rate ol 0,25 miliigrar por Idiogram boiy valyht was

pEesared.

3elde Nogt-rorten exaninctloa

Nogst-rortey ciprdnal long vas conduteed vaen tha a..l alo

dlcd, o roumonic HiCs apd acl o o2x allotoxin {07 Al
olIanGes Uoro rocordad,  yor

dicde Cross nd mdctolozlazl
hisiopathologieal studles [arrd’s nacratonyli: and corio *ao

used {Noner- St and Conk, 150%).
3.11, Seotistical ennlyais

Ghaclstical analyaes voerc done vhercovoer roouired accord-

iag Lo the rothods doacribed vy 3teel and Torria (1980).



CHAPTER 4

RESULTS



The fmmnopathwlodical response of kids spontancoasly
sufforing from »mnouronda and kids arperidmontally dosed with
aflatordin was stulled. DRosides thils the zesponse of the
dds ailing {ron pnoumonia and which uere administored
lavanicole vas alee studied. For comparicon, age natoned

control goats vore uscd.
4.3, Irt unopathological response of pnourncnic ids
d.1.1. Pathology

™o Rids out of tuweclve dlad during e course of L .0
oxperdncnt. One i died alter sweniy-one days. The otwer
dicd after cighteon days in spite of the treoatront uwlith
levandoola. Gross and aistolodgical logions rrepe oirdlioc in

hoth the kids.

Crosa laslong included {ibrdnous plousitis, concolida=
tion of ardeal and Iintermediazte lobes of Lhe richt lung o
wricarditis. Congectlon of the liver and cptarzhal ocntori lco

VORC graecont.

Gran posleive coocal orgondisws and orgunicms with
bipolar staining charactors vore recoverod from tho disecased
Lungre

Hiscolegdcal changes vere cbhoractordsod nr covgeotion,

ewphycona and prosence of inllammatory owmdake coisisting of
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noutrophila, plasma cells and oocacional macrorhoges in Lne
alveold and bronchi. Degoneration of Dronchial epitholium
and an exudatae rich in neutrophils in thoe broichial lumen

uvgsLe olsoe observed {(Pig.2).
44,1.2+ Total loulicoyho count

The leutooyue couat of Individual andnol ds detciloed
An epponidas T The nerdsharc) bHlood louliocyte counls at
Alfferent poricdo ave shom In £igarc 4, The _eviphigal bloxd
of control kids containced a mean oumbeor of 6615.74 1 069.17
loukooytes per 1dQrDlitre. Dnouwilc ids had lewhooylooio
and tho count was 13202.70 % 1892.11 cello/ul. Dnoumondo Ride
tzeated with Lovamdsolic also had loukocoyptocic 112793,93 -
2759.35 cclle/ul). Taere vea oo sigallicont dilferones in
the leulicoyte couat betuoon e tue groung of woououle "iddo
lrrospective of eho troaotmeat with loevardoole. wraver, Jho

values vore significantly higher thon thal of tho controlo,.

441.3, Mumber ol lyrehowyios and acdd oiria ~aphtiwrl ascceako
estorase positdve colls in the porioheral blood

Runbaer of iynphocyeos ond aloha nonhiliy) aceb-te eohersse
{1 A7) poiltive cells in the pori-horal Dloodd was detorined,
The ahoolule nuweper o thost ¢ells ave glvon in ancosids 3T

1

~t

B

I¥, A fou ronogyten and neutrophils were alsce WD
sositive, but coold Lo differcentiated from the lymphoorie by

diffuce roactlon in the oytoplasn 0f the fowior, ANAL 08l

tive lymphooices had ome o tuo mogonta coloured aranules iu






Fig.4. Leukocytic response of pneumonic kids-1
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the cytoplasy (Flge.3). In tho pneunonle kido, 3083.71 %
743,17 colls/pl verc WIAR positive out of 0064.066 3 1517.0
lymphoovhes/ml, ¥ido vhich wora troated with lovanisole had
2676.54 + 6BS.61 colls/td of ANMD rosicive lyrphocytos out
of 7659,81 & 14006.07 lyrphooytes/ml. Dvonthouih Lheoe valucs
wero not olondficantly ddfferent from cach other, both of
Lhom vere cignificantly bighor than thwose oil he ltny hilds,
ror heoltly ldds only 1422,30 ¢ 271.92 colls wvere MINT nocl-
tive out of 4606,69 ¢ 662.61 lymphocyeos nor nicialitre of
blood,. e varfation in the number of lyrphocytes and AT ML

positive calls in difforwunt prrdods are choun in ficure 4.
felede Aoscuorcnt ol lloutrophil Lfunccion

Unstimulated nitro-bluc tetragolium (INT) tost {in vitrg)
uas perforned in tro peripheral blood o agseso tho neut ~ophill
activity. 7ho mzisor of neutrophils and 197 mogitive cello

was dotormined ond are detailod in apoendlis IV and V.

Out. of 1977.27 4 213.31 noatrophilo, only 274.33 % B5.1s
calls wors 0T pogsitive in one niC¥0litre of the nerlshoral
blood of healthy kide, Houover, in poounanic Tido 006.32 =
84.18 U107 nositive noutrophils vere poosont out of 3037.53 2
065422 neutrophils in onc nigrelitre of the perivhernl plood.
In ¥dds treated vith lovaridsolo, 792.91 # 306.88 noutrophlls
vare UST positive out of 4290.78 2 1640.25 ncutzorhilc.
irraspective of Lhe trestront vilh lovandoole, gacuw onic Rids

had a higher aunbor of BT posltlive cclls whon coyared o L



Fig. 5. Leukocytic response of pneumonic kids-2
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hoalthy kido. The vardation of the valucos in cach poriod

are shoawm in {iguro S.
4.1.5. Cutanacus response o 2,4 Dinitrochlorobenzonce (N.CD)

Cataneous rasponse to XICD was studdoel in gizx nor-al,
k1ds and sin pnoumonice MNids. Clroumccribed oodematoul ruaC-
tion zonc vas obocrved aster 24 hours after two anplicatlon
of 1'C0. Phe reaction persicted even aftor 40 hmurs, Too
dianetor and dogree of Induration at the zreactlon conc ase

detaliod in table 1 and 2.

The diancter of tae reactlon oone at tho end of wuoaty-
four and fouzty-cidht hours was 4.916 % 0.303 o andt 44025
03,372 om €or the nornal %kids. The corresponding valuar Zor
the diseased "lds vore 4.896 3 0.477 contimoters anl 4.330 4
0.205 conklwotors, The incereose dn Ldn taletnicso altor
wianty-Zour hoars Jor normal and dlscasged ids wore Jo5 -~
09487 1 crd 6,417 4 0.6646 mm regpoctively. Howovoer, sftor
forty-aicht houirs, the chonge vas only 1.833 % 0.,68031 ~a avl

47707 & 0.9542 r recoactivaly.

{dgtolory

vloderato to goverce ocdcna vas obaerved ln Uhe dormdso.
neorgesent of Lhe hlosd vossels and infiltrotion ol inlia~

matory cells vwere prescnt.  The chief inllaratory oclla
involved wvare lywphoovteos and iorophages and wverc nezt 4n

ihe v oy pare of Lhe dermpds and cpldemnds, parricularly crovnd



Table 1. DICD Mypersensitivity reacticn: Plomctry of the reactlon zone
{Dizeter in centimetre)

ilormal aningls proumonle anlmels
A;%mal 24 bhours 48 hours An;g«al 24 hours 40 hours
i a
Site I 3ite II Ave~ 3ito T Jite II  hvee Site I Site ITI Ave- Site I Sitc I Ave-
roge Toge rage rage
514 4,75 5400 44875 4.50 200 4625 406% 2425 4425 44250 = 4653 4.500
felal 5425 54060 G.125 - 4.50  4.50 427 475 475 4,750 4.0D0 4450 44250
520% 5425 5400 54125 4,75 - 4.75 128 5,00 4450 4,750 4.75 4.00 4,375
527 5.00 5,50 5.250 5.00 He 30 525 424* 4475 .75 4,750 4.25 - 44250
162 4425 4.75 4.507 4.50 5,00 4,75 28 5,50 5400 54250 5425 4.75 5,000
513 525 5,00 4.625 4.25 4,25  4.25 111 GO0 Be25 54625 5,20 4,50 4.625
** Shx 4.9164 SHGD @ 446258 15N 24,8964 %5 = 4,500%
0.303 04372 Ged77 0283

* Biopsy gpecingno were cellected Ixon thoge animals aftcer 234 houre
“* 50 = Standard crror

LE



Table 2. 0T lyscrseasitlvity reoaction: Data on skin thickmess (rd

Normal aninals ancuronie animals

Andnal 24 Loars 49 Bours Aadnal 24 hours 48 hours
8ite I site IT  “wo= Site T Site I Avee Gite T Sito IIvoe- S8ite I 3ite XX Ave
e rage racs rar
514 5.0 3.0 4.0 240 20 2.0 A06%* 5.0 7D 6.0 - 560 5aC
(39‘“‘ 5&0 5-0 3-0 bt 200 2.0 627 iG-O b-C 7.5 7.5 5‘0 6.2
520 3.0 4o} 3D Je0 - 3.0 128 T 8.0 6.0 5.0 5.0 Sel
527 3.0 2.0 265 22 1.0 1.5 424* 7.0 s 7.0 B - 54C
162 3.0 Jad 3.0 1.0 25 1.3 e 5eld 70 G0 3.0 4.0 3al
513 3.0 2e0 25 1.0 1.0 1.0 111 5402 7.0 Ga0 3.0 5.0 4 a0
0L = 3.5% TEST = 14033 ®30 = 0L.4167r resl = 4,791
0.9487 D.6031 06046 O w354

iomoy spocireas Trere collocted from orce animsls afStor 24 hours
¢ SE = "gandard eTror
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blosd vesseld, Ocdoma and collalar reactions vore proninont

in thoso onocinens collected fyomy pnounonie lkldgs.
4,1.6, Cutencous roaponse to phytoheomagoiutinin (7 NG

Cutancous zooation induced by I in olx 1Ado cdiing
from acute hronchod snounmtnda was commared with ol hoolthy
Iddo. Tne degree of induration of skin oftor 24 hours and
4% hours is glven An tho table 3¢ The degroc of induratlon vao
2,067 & 0,316 mm and 1,667 & C.253vm in noraol iAo and
4007 2 0,447 mm and 2433 % 0.606 ym In rpeunonic ittds. "aero
was signilicant inerease in tle shJAn thicmess of Lha pnogmoadc
kids than the controlas. Houvever, iv vrag looger dn thoe LLid

dicd due to pnournocada.

Mosolocy

vodema, eongestion of ¢ganllilaricso, infiltration of
ly phocyees and nacrorbegns and pordivascular cufling of 1yrono-
cytas were the najor histelo loal chwnged.  The changds 1Cre
prodacnt in tae Llagaes coilectad Zrom ~nowrondle ddo w oo

componred Lo L..e conlsol ‘ildc.
4,17, Innoral drmuane rosponse

The congontratlon o. wohal protedn in the gerun was also
deternined using the Ddurct vetlad. Tho corgontrotlon A ¢ ot
poriod is shows dn Jdgure 6. Corwnlobulin eoncontratuon 11
the scorum was determdred asing Lhe sire sulpncte turkd Yoy
tost and gho Qota oro dotalled In o-condix V2. Tho coneon-

tration of €l total protain as well ac the garmagilotulin



Table 3. Cutancous rosponse to phytohaemagglutinin: HMeasurcmeat of skin thickness

Skin thickness G hrs

Increase in skin

Incrcase in skin

om0 o wgkeosater  lme Sadeemomior s
moatal To. orror error orrol

group site I Site IT Avew Bite I Site II Ave- Site I sSite II  Ave-

rage rage rage

514 1.0 1.0 1.0 3.0 2.0 2.5 2.0 1.0 1.5

99% 1.0 1.0 1.0 5.0 3.0 4.0 - 1.0 1.0
Hormal 520 1.0 1.0 1.0  1.030 2.0 3.0 2.3 2,667+ 1.0 2.0 1.5 1.167:
aninels  gogn 4.9 1.0 1.0 3.0 2,0 2.5 0s816 1.0 1.0 0O-298

162% 1.0 1.0 1.0 3.0 3,0 3.0 1.0 - 1.0

513 1.0 1.0 1.0 1.0 2.0 1.5 1.0 1.0 1.0

406* 2.0 2.0 2.0 4.0 3.0 3.5 - 2.0 2.0

427¢ 1.0 1.0 1.0 4.0 5.0 45 3.0 - 3.0
Pnouwsonic 424* 1.0 1.0 1.0 1.333+ 4.0 5.8 4.5 4,004 = 3.0 3.0 2.333,
animels  sogue 2,0 2.0 2.0 9516 44 4.0 4.0 9% 40 2.0 1,5 ©0-606

111 1.0 1.8 1,0 4.0 3.0 345 2.0 3.0 2.5

28 1.0 1.0 1.0 4.0 4.0 4.0 2.0 2.0 2.0

* Olopoy specirzns were eolleeted Crom ghese andmale aftor 24 hours

** Dicd due to pncwronia



Fig. 6. Serum profile of pneumonic kids
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concentrations vore hichor in pncumonic kids chan the cone

Lrolae
4,2, Temunopathology of cepcrimonsal oflatonleosls fn kids

4.2,1¢ Gonoral Jindings

Aflatowin 3, produced by toxigonie strain of Aspsroiliuc
paraniticus, radsed in crude rice cultueos woo fed Lo six
Eidz.e The quentity of o voxin in 1000 g of crude zice
culture was 0O rdlilgroms Tondn wes £0d ab the rata of
0.25 m/kg body wolght dally. The cuentity of cho towmin
conouned by cach kid bafora dioy dicd is given ia tiblao 1.
one kid dled on wee ndnctlh day of oo oxpenimont.  Othors
lived for a poriod of 30-135 doys. The nurber of doys survived

by cach :4d ls ghaum in the table 4.

Tabla 4. Cuaplity of tonin comguncd by klds 4in enperirfontol
aLlatoxicoslis and durgrion ol curvival of kids

Kid Lo. “uz}t:: gmigr?igit Lsfjin ziﬁgw?éd
01 38 dayo D30 g
267 33 days 23420 17,

3438 34 dayo 37.70 g
154 34 davs 38,95 mg
2799 32 days 3283 1y
163 29 dayo 23,880

Pokal 160456 ing
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Roeduction in focd inkake, 1093 in hody welght, unthrifti-
ness, dyeponea, nacal, discharge and resplratory CALficultico
wore shown by the animals. The changes in body welght are
shoum in ehe figure 7. After death of tho klds autosy 128
conducted. The cause of death of the Kids was ctirilbuted to

pncunonia.
442.2. Lourocytic rasponso

The leukooyte cownt in the soriphoral plood »7F dndlviduol
anircls 1o detolled in appenddx I, Tho changes ia b nunoer
of leakooytes in tho ooripheral oleod over dlilesone oviolts
of e enasitment ovre shoun in figurs 8. The lonlogytc gount
incroased eignlficontly on the sizgh day. (ol count vas

rocorded on the 1Sth doy. Later it gredually rouaoncd.

Ge2e3e hmpor of lyrphocytes and alpha nopliliyl acotato
couwezase (I RD) positive lyipheovios in the peri-
pher.l bload

The abosolute adnboer of lyrohocytes and Y0 positive

colls in coch noziod io shown dn “igures J ond 9 .al dotadled

fut

Aot dn aroondix I ond ITI. Theoo, "wan ¢2ll count indigato
that vhile 1422.30 % 271.92 "LAD posltive cell. wero xasent
in 46606.69 = 652,61 lyphocytos in one riQIOLItog of ODie
phieral nDlood of nozpal kdds, only 1251.82 £ 210.07 VMIAD sosie
Live cclls vese pregont in 6033413 4 1136.40 Ly—uhooyues in
opc AlO¥@iivre ol who serinlocal biond of Lifs locel sidta
aflatonln. Trosc wvac oigndficont roduckica in thoe agurbor ol
lvrphosvies and MINE positive cells in loter grwages ol twe

cnrorinent, asong “ddo feld aflatowin.
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Pig.7. Experimental aflatoxicosis:
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Fig.8. Experaimental aflatoxicosis:
Leukocytic response-1
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Fig. 9. Experimental aflatoxicosis:
Leukocytic response-2

0

Q

3

g5 5(

a3 X

By 2

~r

28 T

do

- O 2

no

(o]

2g W
g S
a

3 6 9 12 15 18 21 24
Days

o 12
e~

=

3, 10

o]

53 e
i3

=2

Qe 6
28

+ 4

-~ QO

8 S

g2 2

£

m -
=4

3 6 9 12 15 18 21 24
Days
-~ Healthy kads ~{~ Kids fed aflatoxin



44224 Assessnent of the noutrophil function

illero~blue tetrazolium {NDT) dye reduation tout was
vorforned to assess dha accivity of the peutrophils. The
nurbor of noutropnils and B positive colls in the perd-
pheral blood of individual andimcl ic docailed 4n appondlix IV
and V. ‘The changos in cach porziod dis shoum in Siguraes § and
9, In the normal kids, 274433 % 55.10 colls out of 1977.27 &
212431 noutrophilo weore DT posildve. liovtrophilic wog
noticed upuo the sixntl day vhen it had 8143.20 £ 461.33 (00
positive colls in unit volurme of the poriphoral blood of kids
Aosed with oflatesdn,  Leter At docrcased progressively o
278453 % 94.256 1m7 posltive colls nor nicklllcre of the

blood, ~tdoh was not olynificantly dlfferent f£ron the noonl,.
2.5« Cutancous response to phytohacngulutinia (2IM)

Cutoneous response to PiA uoao cvolunted dn odx Tuide

fed aflatoxin fov cevon duys. The induration in the okin
develoncd after 24 ond 48 hours uas conpared with the age
natchol controls. Thx bioretzy of the akin lg dotolicd in
tablo 5, The increase in gwdn thickneso for healthy ond
discased kido aftor 24 hours vas 2.667 & 0.816 mm and 1.033 4
(«931 r1y rospectivelys *Ltor 48 hours the corcesr-onding
values wore le167 & 3,258 mm and 0400 - 0457 mn sessoctively.
one kid dled on the gccond day ©0Ff the tost and oo the Toadse
tions could not pe evaluobod on Lhe 40th hour. The values
ovtelacd £rom othor Hds indicatoeld a reiuceld response {or

pHA An lds doaed ywilth allatoin,.



Table 5. Cukancous response to phytohacmogglutinin: Moasuroront of skin thickness (mn)

Skin thickness O hrs Igc;r?ase in g&dn i}nﬁr@}mase inﬁigin
thicknoss after LRACRICEs a r
fgﬁﬁﬁ‘ Animal 322‘3" 24 hours ggiﬂg' 48 hours gm"
group * Bite I Site IT Avee ©FFOT Sipe T Site IT Ave- OLTOT Site T Site II Ave- SXTOr
rage rage rage
514 1.0 1.0 1.0 3,0 2.0 2.5 2.0 1.0 1.5
9% 1.0 1.0 1.0 5.0 3.0 440 - 1.0 1.0
Healthy 520 1.0 1,0 1.0 1.00% 2.0 3.0 2.5 24667 1.0 2.0 1.5 1.1674
Kds 559" 3.0 10 1o © 3.0 2.0 2,5 0816 1.0 1,0 ©0-2%8
162% 1.0 10 10 3.0 3.0 3.0 1.0 - 1,0
513 1.0 1.0 1.0 1.0 2.0 1.5 1.0 1.0 3.0
101 1.0 1.0 1.0 1.0 1.0 L.0 pled
267 1.0 1.0 1.0 4.0 3.0 3.5 2.0 1.0 1.5
Kids fod 3439% 1.0 10 1.0 1,167+ 2.0 2.0 2,0 1.633% 1.0 - 1.0 0.80%
gEia- 154 2.0 2.0 2.0 0808 4.4 2.0 1.5 9% 35 g g5 957
279* 1.0 1.0 1.0 1.0 1.0 1.0 ) - a
163* 1.0 18 1.0 2.0 2.0 2.0 - 1.0 1.0

*rdopsy specinons were colleckod from those anlmals aftor 24 howrs
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4,246, Iunoral Lamune reoponso

Thoe goacontretion of gormaglobulin vas dotamined to
avaluate the wvoral imaune yesoongt. Tho concentration of
gammaglobulin graduaily incraased Lron 23.08 £ 3.46 rg/ml
w0 44.4 % 0452 mg/mi in 12 doyse Later the concontration
rovalnoed at the scanc level sddthout significont chaages
{Tig.10}. b1 copsistont dncrcase 4n the coneentraticn of

total protelin wvas also noticod during the nordod (DiG.10).

4e2e7e Pathology

+

®ids dosed uith oflatocin died at vorying intcrvals o

bire, The survival poricd of cach kiA is stown in tobic 4

.

he lesions were oimilar in all &he ids., The ldivor wao

]

alichtly enlavged and brounioh @llonr In oolour with roundod
bordeors. Tuo ani-aleo shored petootial §acrozrbages on Lha
surfacc. Call nladlor was dlstended vith yellouish grean
hile, dstolosically hopatocyoos showed granulor degenoras
tlon, fatly change and nccrogis. Hopatooytooaaly vas olao
a foatura. T sinusolds ere ohgorged ol shoved Cooal
arcas of hacrorrhage in tno parenchymn (Fig.11 o i3). Thore
wac slight but pereoptible intorstltcial Jibrools, psoudolodis

lation and hacmoslderosis in tuo of the kido.

Losions Ain the lang vere charackeoristle ol goubo bhoon-
chornowonia. dAdght apdeal and dntornodinte lobes of all
animals *ere Tleshy ond consolldated. Ia two andralg, W

Changes voro also presont in the disphrognatic loboes, walsh
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19,10, Experirental af%atox1cos1s:

Total serum protein
(g/100 ml)

9
8

Serum profile
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£1g.13, Liver -« Aflatoxicosis -~ Granular degeneraw
tion, necrosis and haemorrhagsd.
It and B % 400,

Flg.1l4. Bronchial lymph node - Aflatoxicosis -
Cederma in the medulla and depletion of
lymphold cells in the para~cortex and
cortex, i and B x 200.
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vere nartly conuolidsted. Congastion, nacmorrhogo and infil=
tretlon of neutroshils, lymshooytes, nacrophaces and plaora
cellg were precent In tne luny alveoli, Fhere vas dogenera=
tion of bronchial coithelium ond occaslonel scourulotions

of lymphooytos in the porlbronconial arcas.

Grossly the wronchlal awd mediastinel lyrmh nodos wvora
slightly cnlarged, coft. and flesly, Cut surface wos juicy.
tidscologically sovore oadona vag present in thoe redullas.
poplation of immunocompoten. lymphoidd coells vwas ovident in
the cortkonr and pavcoortiox. The nunboer of cortical lymproid

£olllcles wne very So and woorly orgonxoed (Dig.ld).

Tocal greyioh vhico o¥eag wore prosceat mifomly Jlstri-
buted on the surface ol the kidnoy. The cut ourfcee rovealed
groyish vhbieo streasks in the cortox. IHstolozlical cnaiges
vere chavactoristle of toxle nephroosis, uwith degescration and
degguangtion of tukailar opithelial colis, formnation of liyalin
casto, glonerular cedons, atrophy and prascnce of tuhular

epithielind rofliux (Clg. 15 o 18).
443, Imrunclozical regoonoe of the kids o in wmnonoe ulatorg

The dn vive Lramoaodulatory eilech ol levardsale uas
studied. Vaslous Lrrmmoloyical Jdaka ol six 1dds sulloriog
Lren amte phouronda, ond Sive kids Scd alleotosdn wor ten
doys ugre evalusted cnd wvore gorparad with zhe ane rutohed
coucrols,  The muibor of loukocytes, lyrhocytes, A Al oosl-

Live lyrmhooytes, neulrophila, DY positlve noubrorhils aad
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goncentration of gawmmaglobulin in the poriphoral blood were

ovaluated, The Dlecod sanples werne analysed bafors the alni-
nistration of levamisole and forty-cight houws and five days
after the administration of lovamisole. The results obtainod

are shom in table 6 and figuras 19 and 20.

Thore wves significant increase in thoe leukocyte count
(140,63%), lyrphoayte count (137.038), nunber of AIIAD pogitivo
cells (158,70%4), noutrophils (145.20°), NOT positive noutro-
phils (168,20%) and goncentration of gamwmoglobulin (135,76%)
by 48 hours after the adninistration of levamicole 4n normal

Ridos. The irewmostimalation was persistent after five days.

The change in the lewkooytic response and concentratlion
of gommaglobulin of pneunonile kids was shtatistically fnsigni-
ficant, However, lyrphoaytic leuwhooytosis ocgurred in kido
fed aflatoxin 5 days after adminlotration of levenlsolo. The
number of loulocytes, lymphooytes and MDD positive ocolls
increased by 115.73%, 118.17% and 137,981 rospestively (Tablo ¢



Fig.19. Immunological response of kids to
levamisole-1t
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Fig. 20. Leukocytic response of kids to Levamisole-2
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Table 6. Data on irmmnological paranctors in kids dosed with

levamisole
48 hrs after 5 days after
Parameter Experi- Defore 1 1
(in periphe- mental  injec- injection injection
ral blood) group tion
Value 4 Value Pl
Leukocytc ¢ 5866467 8250  140.63 7850.33 133,95
numbez/jal P 1557.5 15000 96431 1104167  70.90
A 10370 11380 105.46 12120 115,73
Lymphocyte c 4050417  S545.92 137,03  5541.67  136.03
numbor/jzal P 8565,25 7859.67 01,76 6414.02  74.90
A 6624,8  7B22.6 118,08 7539.6 115,17
NIAD posi- c 1210,15  1020.45 150,7  1722,09  142.30
tive calle p
ety P 2879.73  2030.80 142,09 2117,26 112,64
A 1236,81  1555.33 125,73  1706.40 137,90
Houtrophils c 1661.58 2417.83 145.51  2113,0 127,17
number/Ll » 6184.75 6543.92 105,81 5440.42  B87.97
A 3802,7 3568842 94.36  4163.9  109.5
NET positive  C 237,29 399.13 168,2 200,80 126.34
cells
namberfie] P 1140.26  1207.88 105,93 1040.33 01,94
A 612,31  652.60 106,58 597,93 07,65
Camriaglobulin  © 23,92 33 137496 29.3 122,62
in the/si‘"“ p 43,00 45,67 106,01 35,08 081.43
g A 43.4 44,22 102.32 44.4 102,30

C ~ Normal kids
P - Pneuronlc kids

A -~ 2ids fed aFlatoxin
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protection and recovery from infocklons are tho key
biological features to survival of animals ond the former
45 achieved through the co-operative intersction of specific
antibody, proteins of the complexent system, phagocytic
leukoayteos and T lymphocyte subepopuiations {Peorrymon, 1962).
Substantial cvidance have accumulated to ghow that mortallty
fron infectioun disessos is largely dus to the faliure of the
immane cystot.  Agalnst this boackground tho idmmunological
status of the kide aliing from prnoumonis wes doouvented., ALL
the pnoumonic ldds shouved siinificant loukooytosis compored
to normal kids. This could bo considered as an indication
of the stimilation of the immune gystoem. Loukooytosis can bo
expocted during infections (Benjamin, 1978 and Sharrma, 1973).
There was sicnificont lymphogytic and noutrophllic loukocytos
sis. Neutrorhilio is consldored as a hallmork of hactorial
infections and on incrcoase in the number of neutrophilic
leukooytes goes to prove that there has been stimulation of

the nonespacific immme mechonism.

Neutrophils are the oenief phagooytic cells in the pord-
pheral blood and thoy are active oven without sensoitloation

{Tizard, 1902). During bacterial infeocticons neusrophilid
oocurse In the prescoat study significant noutrophiiia wag

observed in tho eorly and middie (scute phases) of paoeunondia



and ao cvidenced by the Uitrobluc=totrazoliun (10T} dye reducs
tlon test, tho rhogooytic sctivity was clso found to be
onhanced during tne diceaso. Thore vas signiflant inorease
in tha nueber of WBT positdve neutroghils in the paorishonal
blood, thraughout tho discase procosg. Tho observacions

thus indicato that during pnouwronla theroe is significant
noutroshilia and an increasce dn tnodr functleonal capablllity.
It oob be concludoed tinmt those cells eloge hove an lmpostant
rolce in the Jefonece reastions in the hwat clucldate? during
the pnowonic oroeess, Munckionel cavacliy ol noakroghlis and

osurvival rate of “uids epmears to hava significant correlation.

Lymphooytes are coasidered a8 the hoy cells wvhich ace
responsible for elfoctive defonce within tho host {Tizard,
19082). Therce was significant corrcelation gouuwaeon Lhe 1y ohoe
oytlc response and curvival of klds sinco, tnose hids hoviag
a relatively high lymohogyte count sugvived tue dlotasd. Tals
observotlion 1o in sgreenont witn troso of Shwewa ¢i ah. (1970)
and suprord Loe observation that €0 Llymphooyves arco tho koy
colls undch are responsible for effective defoace in Lthe hoost
{(Tizard, 1082) and the conclucicn that irmmanologicol interics

reaco 1o an important aspoct of dofonce aninct infectians.

in the nresonc study eotimotion of alphanophihyl acotoie
esterace {(WINLD) cotdvity was owmioyed as a rclileble *2° cell
marier and Sulochana gt ale (1962) had obsorvel that waore
128 1o gignilicant differonce ia the number of L~sosctia

forming colls ond AIAT pocitive colls dn the ¢oat. Thooe



lymphooytes with one or two well defined circurscribed reddish
spots in the cytoplasm woreo ceonsidered as positive colla.
Fization of the blocd axear is an Irportont atep in the tech-
nicus of demcnstrating the ANAD activiiy. Troditionolly the
procedure deseribed by Pinkus gt al. {1979) 1s adowted, for
the sames. In this technique the techndcian has to neceasarily
keep tho fixzative and the staining solutions at a tenperature
of 4°C, For the prosent investigation to cvaluate the ANADR
activity in caprinc peripgherasl blood omear, the rethod dccw
oribed by Cinrno and Reverly (1987%) was followed, The metho-
dology was found usoful in demonstroting thoe A RD activity in
the goat and is recomwnended for f£leld use sinee tho procedure

1s simple and can bo done ot room temuoeratura.

In the precent investigation the nurber of MIAD positlve
Lymphooytos (T colls) in the periphoral blood of nommal coata
was found £o bo 1422.30 & 271,99 collg/pl and was im the
expected range {(Chondra of al. 19803 Yong and Shedn, 1080;

Banks and Greenlec, 1982 and Sulochana et al. 1983).

Therce was gppreciable increase in the nurber of AUAE
positive lyrphocytes in paoumendo kido. An increase 4n
T lymphocyte sub=-vopulation has beon considered as an important
indication of the participation of the collenediated imrune
raesponse (CMI) and has heen reported in wmany hunan and animal
discases. However, there has not been many swudies on tihe
role of ' lymphoayte rosponsc in the defence against Aloe

caces in gost. Uachink gt al. (1961) documented on increace



in '?' lymphocytes in Listeriosis in goats. The cutansous
roactions induced by 2,4-dinitrochlorohenzene (DNC3) and
phytohaenagglutinin (PHA) are furthor evidences to support

the above conclusions IDNUCE tost and PHA tost verc useful in
avaluating the ¢NMT rocponse in Johne's digease 4in gozbks andd
found an enhanced Gl in the pre~clinical stage (Paliwal ot al.
1985). The prescnt cvidences support tho conclusion that
there has been stinulaticon of the CMI response follouing

prcumonia.

The concentration of total protein and gammaglobulin in
the gserum uvas found to be high throughout the discase process.
denjamin (1978} suggested tnat thore ean bo increasce in the
concentration of gammaglobulin due to D-gell responso and

total protein during infegtion.

In this invostigation the causotive agonts ascsociated
with pnounonla werc not identified. Iioueveor, irropscctive of
the agent involved the data on louhkocoytic response and cuta-
neous response o PHA and TVICH goes to sunumort the conclusion
that thore has been gigaificont onhancenent in £he oClle
madiated ifmunc recponse of pneunonic lddse. The concentration
of gormaglobulin was alse found to bo increased during pneumenia,
indlcating that there hag basn stimalation of the humeral
fmrune aystom. Althowth no troatmont uas attomnted with antl-
bilotics or any chemotherapoutic agents, ten kids out of twolve
recoversd {rom the infoctien. It nay be polnted oub thau as

per the deta documontod the aoll-madiated drmunce ayatom of



those kids died of the dlseass had not boen enphanced to the
same loevel as thot of the kide Lnat recovered from cho dig-
casa. Thus the importance of irrmanoclogical response in
bringing about rocovoery Cron diseasc appears $o be vary sig-
nificant. Thig chsorvation furthar demonstrated that i£
atterpts ave made o stlmlate the immune syatom it vould be
rewarding., The study has thus clarificd that immanologlenl
response has an important role in causing rocovory £ron infec-
tions and there is further scope for botter mancgement of

pneunonic kids 1f orocedures for immunomodulotion arce o-ployed.

ALl the kids dosed with aflatonin develonmed gymptoms
like dysponea, cough, catarrhal nasal discharge wiidceh becano
mucopurulont, reduced food inteke and unthriftiness amd tho
condition progresged to pneumonia. !dllor ab ale. (1984) ulao
doscribed the development of pneunonia in oxsericontal cuprine
aflatoxicosis. The gross and microscopical chopges in tihe
liver gave further evidenco of aflatoricosis, and vere similas
to those obsorved by eariior workors in caprine afliatondicoois
{Maryamma and Sivadas, 1975; iuller g& ale 1984 and Clark ot al.

1984).

Dxamdnation of blood of Xklds receiving dletaxy aflatoxrin
revealed leulneytosis. Tho numbor of loulwoyvtes increased to
12120 1 4182 cellg/pl of blood on the 15th day aftor oral
adrninistration of tho toxdn. The initial leukooyiosis can be
cxplained as a reflection of regponse to pnouronia the animals

picked up. Later the mumbor gradually reduced, Loulbocytosis



was "ot & feature of casrine aflatodlcosic (Clark gb al. 1904),
However, Miller ot gi. (1978) observed leukcoytosis in nigo
follcouing aflatoxleoslss The nunbor of lymphocytes, noubyo-
phils and I'BT positive cells increaseld in the 4nitlil otagoes,
houover there uvos decline In these waluces in thwe lakter Shasas
of Lhe exsorirent. A olmiler pattern of chonnes vas not
obscrved in cho number of WAL wositive lynohocytes., As e
days advanced the numbern of AT positive Lyiwhocytes in the
poriphoral blo2d cone down signidficently vhen copared to
norval animalg. 10 reports sre avallable vhich descrincs

the changes an the number of 7HAD positlve lymphocyles

(T cello) in the neripheral blood of coots fed allatoning,
Hoeolo doal plotwre of the Lywphnodes revealed sovoro doplo-
tion of cells in tne paracortlcenl area and tho outaneous rose
ponse of aflatowin £ed kids Lo PN vwpg signlficautly lovor
than the congrol kids. These are furtnor ovidences wadah
vill Buprore Lhe cenclusion that there has beon suppreoscion
ol coll-rdlated drvune recoonse ol joat affected with ollo-
torncosio.  Thus it wvould bo reaponoble me conclude thot LiAn
fed aflatouin along dth the dict picked up dnfoctlon ae a

resule of dIspwnosupnression intuced by the tomdin,

Suppreossion of celliular drrunity in aflatoricoonis has
been reported dn nan (Sovol @b al. 1970), gulnca pig {2ler
2k al. 1976}, swuine (Ucuoudghlin gob gl. 19684) and bovincea

{(Dodine gt al. 1904}, [owovor, no roport se Lax has apronreld
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deocribing Lhe affect of aflotorin on the cnll-radiated

~

irune rosponsd of Goots.

ALL &he o Jdosed with aslacondin develoned pnounonda
and thore vag increace in the totol serum proteln and gevm-
glomulin in thome [Mlllor gf gl. (19864) also docurcnted
inccease in the concentration of tot2) placrs »Hrotein ond
gamaaglobulin in tho soun of ¢oats dored with aflatonin,

He supportol che opinion made by ddchards gi ale (10738) o
reasoned concondbtant infections as tho cause Low hyreXxcaie
globulinacnia. In thig contont 4L is vorshy ©o 1oto that
ovanthoush the dds developed pncuronla and Ml loukooytooaid,
thore was decrease in wvho nurber of AUME positdve lyamphocyites
(7 cells) in e poriphoral blood. This impllos Lhat thore
was incroase ia the nutber of non=¥ lymphocytas since Lhore
uas logkooyiosis., A pejoricty of non=T Lymphocytes in Lhe
peripheral blood is S-lymphocytos wnalch are rosoonaible {ox
antibody srodustions. 1his nay be the reason fox Incroace la
the concontravion of gasaglobulin and totol protoin in uhe

SAEUM.

The Zailure of the Vegoll medlated Irvune respoasc oy
x2 considorad as tho cause for Lire doatn dut Lo znewwniz in
aflotoxin fod kidze. This nas got csignificant practlcal rrloe
vaneg, slace in field conditlono the andmals are exposcl €0
varying ievols ol dictary aflatoxins. Cortodrly infeotioas

agents are present overy vherc. Yhen thore is brosk dorm in
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the efflciency ol tho lmvune syston the infectious ageats
¢gain an upper hand and czusc the disease unich roy oventually
loced to death of the animol. Therefore, in orxder to rodace
tho ineidence of digeases in livostock thore is need to
minimize cne aflatorzdin contont in tne fecd. DRegular scorechs
ing of foed somplos for aflatosting may be sdvecotod aa o
mandatory neasure B0 raduwee the incidence of dizcases. “hio
of diseases

ulll definively aid ia vetter management, and to roduce ror-

tality.

Tra aliicicncy of the incame systar detormidnes Lhe {ote
of v Anveing orgendans in whe body of tho host. wurvival
or death is agoin goveracd by the offlciconcy of tho An-une
gystome.  Incroascd cuoceptibllity to Infecllons ¢an be fue
o the irrune deficicnoy of the host cnused by vardoly of
factors liie introductlon of ewctile ¢ones by crosc=hroeding,
the protwkion strossg on tho aninels 18 well oo tho modoern
intensive rothods of hushondey practiccs. TE sefiiciont
Jreunostirmlation opeur folloving infection dn Lo oody thore
is Detwer scope for destzuction of the Anvaeling 2ent anl
survival fron discascs. In cho managerore ol Wsoasog, ol
lote drmunonodulatlion bas bhoon atterpted to oost un tho
im anclogical oflicicncy and lovarisole hac meon Tecd e 3o
«% an cfficient i~ wworodulator (Mat'wew gnd falhor, 1086).
S0 feor no study hos beon undortalon to ovoluato Lho lrewin-

nelurnotory elfect of lovarmisole in kids.



In the nresent study lyrohocoytic and neutroghllic loulo-
cylosis vereg obrorved 48 hours after e admninistration ol
lovamisole in kids, at the dose rate of 3.75 kg Dody wol-shi.
Yhe actlvity of acutrowall was also found o be aug onwed an
evidenced by tbe litroblue tetrazoliun dve raduckion tost,
There vas aleo cnhaneeront in the nurber of WIND positive
lviphocytes (T cells) im tho peripherol Liood and concontra-
tion of gammacloulin in tho secuwme. Tho irrunomcdulotcry
effoct was parsistont oven after Jive lays of Josing, T
present investigoilon shoed thoe ado-pate dmmunonoduiatory
affoct occurrzed hon halsi tae anthelmdntic dose (3.75 mg/1.)
body weldoht) of levanilcole vas Jdndndstercd in gouts. T1ils
obcorvation bes cot signilicant nracticl reloewvance, slaoce
goalo, Lile ol wr livestook are lilely Lo saofor Lzaon lanloo-
tlous diseases vhen thelr lorano Jyszom 1S ot a sappooioed
state. In such occasions lovanisole will oo aclgful os o

proghylactic un raozoring and imorovins the ofliclowey o

Imune TespoatGs

Immunomodulation was Zound insicniiicant in -moaronse
kide as cvidencod by loulacytic zesponse ond socun SuEa” Lo
sulin corcentration in blood. Larsun gh ad. (1985) algo 4ld
not Jlnd any deslrablo effcet din rodulating the drouna oose
005 07 gilves suifordng frow vooplrotorny AlsQased.  AaeHod-
inn o idzard (1982) and Molleor (1362) lovanisolc restorel
the afflcwoncy of the Inwne systen only vhon it was doficlont.

Paxhaove (1282) oxworved dacrease in tho nuwbhor of ' * cells?



and gamnagliobulin, ton days aftor traatment with antihdotlces

and levamisole in calves suficring from acute hwonchopneunonia.

No reports have so far appeared doscribing tho offect of
loevamisole on the immune system of animels which vere dosed
with aflatoxin. Imynopathological rosponse was cvaluated
in kids after feoding aflatoxin for soven days. In tho pre-
sent invastigation no immunomodulation was observed, 48 hours
after the administration of levamisole (3.75 s/l body welght}
in %kids doged with aflatoxin st che rote of 0.25 mg/k hody
walcht. Houever, irmmunostimulation was obsorved 5 days after
the adminiotration of lovamisole and thio was choractorised
by neutrophilic leukoaytoesis. Lventhough thore was no gignde
£icant change in tho total number of lymphooytos, thoro was
increase in the numbor of MIAL positive lymphocytes (7 ceolls).
Goldstein gt zl. (1970) suggested that lovamisolo mimde tno
gction of thymlc homwones. This may be tho reason for the
increase in the number of ¥ cells in the bload. It would e
worth uhilc to study the offcct of adminlstration of anti-
hiotico and levanisola togethor and also the affcct of lova-

misole at difforent dose lavolo.

Although there was neutrophildna, thore vas no chanye in
the activity of noutrophlls as indicated by UDRT teat in lilds
fod aflatordn. Significant chonge was not observed in the
concontration of gemmaglobulin dn tho serum subsecquent €o

levardsole thorapy in aflatoxin fod kids. The dose regime



and role of lov.umisole in rostoerdng the innnosunpressive

effect of aflatonin nced further study and clarilleation.

2
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SUMMARY



SUINRY

Treemoothologleal racponsg of Loelve kids (2«4 moiths
of age) spoatoanecusly afiected with pnoamonia and sdx idls
exqorinantally dosed uith aflacoxin vas covaluated. Thoe
resulta wore gompared with those of siw age oatahiod healtly

11d7.

Tryanosathologicel ressonse in pnounonle kids wos
studied lor e {irst tire. The rosponse of the %ids uno
avaluatod basceld on Lhe leuhkoovtic rooponce, Teoell oube
pomilction in blood, in vitio noutrophil cetlvity, ama-
globulin congontrauion ln Lhe sorum and cutancodd Lospon.e
to 2-4, Dinitcochlorobenzena (IFICD) and Phytohsoragglutindn

{PLAY.

The alpha naphthyl acctate cstarase (WD) activit)
vas wied as a T oell narher, to ovalucwe tho Teccll Suoe
populotion in the peripheral viood. Tho rmethod descrdbel by
Giormo and Bovarly {1030) for derwastratlng the WD cooilv ity
thich ans not xon trield in andnals bhofese, wag ustd onl
founl o bo a useful prac.ical nethod, to ovaluase the VI T

activiey of lymihoeoytes in the roriphornl slood of coal s,

Thaone wvas lyrphoeytic louneoytosis in the roligaerel
blood of pncunonic lids, throughout the disnasc nrocesc.
Thore wag alse slgalflicast incruaso in the T=goll sub-, o u-
lation in pnowronle kids vhich in’icatel an enhanconont of

coll-redlatel dmmune (ML) zaosnoncd.
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Cutancous roaction induced by DD and PHA also rovealed

that the pricuronic kids hod an enhanced CiT.

The concentration of gamaaglchulin in ¢he sorun was also

higher in pncumonic kids.

Ten kids out of twelve kids recovered £rem the discose
and it wos concluded that thore was significant immunostire-
lation following pneuronia in kids, Howevesr, immunomodulation
was not obscrved in pnoumonic kids 48 hours and £ive days
after the admdnistration {3/c) of levamisole at the dose rate
of 3.75 mg/kg body weight.

Imnunopathology of experlmental aflatoxicosis was studied

for the first time in gosts. Immunopathological responsa of

six kids doced with 0.25 nglkg body weioht of crude aflatoxin

was evaluated, Idstopathologlozl changes in tho liver vore
pathagnomonic of aflatoxicosis. AL} the kids deveiopod

pocumonia and dicd at varying intervals of time.

Leukooytic response end neubrophil activity wos enhanced
in the initial phase of the experirent (£irst 15 days) vhich
gradually declined in tha later stages (15~30 daya). The
nunber of AIAD positive lymphooytes was not inercased during
the course of tho experiment. The cutancous responag of
disceecd kidp to PHA was also gignificantly lovw after scven
doys of oxposure ko the towin. It wag therefora conaluded

that aflatoxin coused suppression of the ©1I rosponge in goots,

Total protein and gammaglobulin concontration in the serum
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vere found higher in kids fed aflatoxin and this was attri-

buted to concomititaont infection.

It was pointed out that this cbpervation has got prace
tical significance since andmels are oftcon exposed to afla=-
toydn through contumdnated feeds and are likely to plck up
fatal infections due to imuncsuppressions It was suggested
that there should be regular scrooning of tho feod for
aflatoxin and the feed should not contain more thon the

permigsible level of afllatoxine

Irmunomodulatory effect of lovanmisole in kids way studied
for the £4rst time. Thoe loukocytic rooponse, numbor of
T lyrphocoytes in the periphercz) bleood, in yitro ncutrophdl
activity and cerum concontrations of gamiaglobulin indicated
sicnificant irvunogtirnlation, 48-hours aftor tho administraw
sion of levamisole s/t at tho rate of 3.75 mo kg body veight.
It was thorefore, sugoested thet lovariaoie could he used to
boost the efficlency of tne imrwne sycton in apparontly

hoalthy kidswhen outbreaks of pnoumonila occur in o hord.

Levanlisole wzs not found to cause immunostirulation
when the irrune systan was alresdy stimulatod due o pnounonia
in Iids. ikwovar, thoere vos idmunostimulation follouing
lovamisole admindishration in kids £od aflatozin as cvideonced
by neutrophilic leukocoytosis five doys ofter the adninistra-

tion of lovamisolo.
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The idmmunovathologicnl coesponso of kids gpontancously
afffoctod with pnownonla and hids ompordmontally dosced with
aflatorin wvos evaluoted, for tho first tire, shploying
varicus immunologlcal markoerg., Abwempks uvcre alse mado Lo
modulace she lamane response of Wids for tha first tine

usdng lovonisole.

There vas cnhongement of Lho inune rogponse in pnourmoic
kids as cvidoncocd by lonkooytic rosponoo, rmiabor ol Telypho-
aylo subwpopalation In the rowiphoral blood, in vitig neutolw
vhil actlivity, concontootion of goamanlobulin In thio serum
and cutancous response  to 2,4-Dinitrochlorobenuone and

shytohacnag jlutinin,.

Inunelogical onekoround of wids {od arlavoxin {at tho
rate of 0.25 po/ky body welght) was ovaluoced. Invwnosti-
sulation {(in £irac 15 days) was foliowed by lrrunosup recaion
({rom 15 days until death). Tho kids dovele.cd pnowwals ard
aled. Tt vas gonciuded that ot a doge rato of Q.28 ~w/ig
body wedght aflatoidn caused dmmunosuppression Lo gooko.

At a dose rate of 2.75 wo/kg bodr velght (o/e) love-

rigcie irduced Irnmunmostimulation in kids. It 41d not coupge

Armunonodulation in -neunonic tids.
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APPLININ-1

Leultoorte count in £ho periphoral blood (numbors/ml) of healthy Xkids (a), pneuncnic
dds (B), pncumonic kida troated with levamisole (C) and kids fed aflatoxin ()

Rl R2 R 3 n 4 ns Rﬁ Hean SE
A 5800 5600 5500 6450 6900 5350 5933,33  609.64
B 16000 15450 16550 7000 19800 11150  14325.0  4532.85
T c 16450 15500 7060 10200 14850 15500  13316.67 3826484
D 5350 5900 6250 6700 7100 6050 6225.0 615.43
A 6100 5750 5700 6400 6300 5450 6033.33  501.06
5 8150 17200 16550 12450 17200 16550  15783.33 3758.4
iz ¢ @7% 8050 13950 8450 17350 17500 12008.33 4419.1
B 8150 10050 8900 6700 10300 8100 8700.0  1347.1
A 5900 5550 5600 6450 8750 5650 5083.33  501.66
5 15400 13250 15950 14550 18350 17400  15816.67 1860456
IIi c 15100 15200 16000 9800 13500 19850  15741.67  3480.29
5 14050 9350 5500 9150 11500 9450 9933.33  2834.9
A 5850 5200 5050 6100 6350 5750 5866.67  388.16
B 15000 13200 13350 7300 18600 0600  13175.0  4810.17
v c 1530 14400 16750 10300 17750 18950  15575.0  30SE8.80
D 9050 15050 8750 9300 8900 - 10370.0  Z650.61
A ©iso 7459 1700 D100 9950 7150 3250.0  1074.71
v 5 10950 1790 19450 10350 16650 0200 15100.0  4688.92
C 15950 16009 15950 17350 14300 8530  15000.0  2871,93
P 11850 g2 2400 13250 15000 - 11330.0  2058.89

oot 7,Y



Appondixn-i contd,

” 1 RE RB 1 4 Rs RG Hoan S

A 7900 7350 7800 8100 8750 7250 7858.33  545.36
B 13550 12700 16850 9000 9100 7550  11458.33  3517.59

VI c 16720 7080 18750 5900 10050 7800  11041.67 539047
D 18050 9000 7800 11250 14500 - 12120.0  4182,79
A 6050 6950 630 7380 5750 5500 $383.33  633.77
B 9300 17050 10900 9850 7850 7400  10391,67 3507.77
vii c 17700 12500 18550 8650 16750 - 14830.0  4164.82
) 12500 8750 7250 8900 7950 - 9070.0  2028.73
A 6000 &000 5950 6250 7750 6550 655040 671,57
B 9300 15400 10950 12500 - - 12037.0  2594.67
VIIT c 2300 8500 - - - - 8960.0 565,67
D 9550 7450 8250 6500 9259 - 8200.0 1262493
A 03 6000 7100 3950 6350 G900 6683,33  443.47
% 3 9250 17500 9750 10450 - - 11737.5  3873.06
c 7850 9650 - - - - 8750.0  1272.7%
D 16350 8300 9709 8950 6250 - 8650.0  1502.91

Ny emsense Ry = Saricl numhor of oxperimental aninals in each group

G

I senesase IX = Paricd (dntorval of tho seriod is threo deys)
Ll = Standard error

7



APPENDIHw2

Abscluks number of Lymphocoytes in the peripheral blood (numbors/pl) of healthy
i Jo{n), pnounonic kids (3), pacaronic kids troatod with levardsole () ond Idds

fed oflatoxia (D)

'?1 R2 RB R4 RS RE) M@an 8B

A 3488 3304 2605 3808.5 4761 3745 3844.75 462499

B 11680 9579 6269 5460 15444 A00B.5  9043.42  3859.41

x c 10857 12710 5600 7446 11434.5  1287.9 0222.57 4311.94
D 3969 3776 4702.5 3953 5183 5207.5  4478.5 667,87

A 4087 4025 3933 3840 4760 I651.5  4049.42  300.16

B 5460.5 9632 11916 8339.5 12460 12247  10092.42  2713.46

Iz e 5375 4508 7289.5  G6344,5 13706.5 12600 8337.25  3887.25
o 3097 5427 5963 4221 7210 4617 5008.17 1433.35

A 3776 3956 3976 4192.5  4927.5  3890.5  4127.75  414.82

n 8479 11335 10367.5  0504.5 12845 14004  10059.33  2269.74

i1 c 8154 10044 3320 7742 10915 13209.5 995,75 2105.34
) 7025 5903.5 3575 5501.5 7020 3074.5  5629.92  1680.77

A 1036.5 3484 4165 4279 4301.,5 4025 4059.17 306445

3 9030 7354 13120 4818 12034 5760 8997.67  3490.31

v ¢ 5049 10656 6867.5 7028 9052.5  11938.5 8565.25 2521.01
D 5122 10234 5075 0510 4103 - 6624,8 260782

A 5207.5 5215 5075 6552 5368 4862 5549,92  723.51

v 3 19991 12530 7301 6210 3500 5822 8830.67  2759.03
e 6490.5 0440 6949.5 11104 7436 5730 7850467  2020.06

n 5699 a264 5202 10600 0258 - 76822.6  1905.26

f TSR N Y



appendis-2 contd.

521 RE RB R& Hs Rﬁ aon 8E

A 5293 5439 5226 6237 6125 4930 5541.67  523.44

B 7859 8800 19110 5960 5279 3624 TORTO  2340.58
vi e 6513 4068.5  12937.5 4189 §929.5 4056 6414.92  13338.03
B 9366 6660 5338 8325 8439 - 7629.6  1613.63

A 4174 4865 4624 6680 5115 4485 4990.50  ©57.94

n 5766 9207 5668 5220.5  4788.5 5328 5506.33  1611.0
viz c 6372 8075 15130 5336 5197.5 - 8222.1  4121.03
D 6875 6037.5  5132.75 67352 4293 - 5678.05  969.63
IS 4628 4320 4656.5  6187.5 5270 4519.5  4963.5 GBO.65
5 14743 9856 5475 7250 - - 9331.0  4031.74
Viil e 4557 5100 - - - - 4025,5 360.20
D 6398.5 4917 6048 4615 5290 - 5653.70  827.15
A 5040 4556 5325 4121.5  5767.5 4485 485245 607.88
D 6197.5 10500 7000 6475 - - 7744413 1965.58
Ix c 5181 800945 - - - - 6595.25  207.05
D 7236 5229 4947 6533.5  3312.5 - 5451.60 1519.42

Rl covnne RG - Corisl nurber of carperioental andinals in cach group

T sesewss IX = Doriod {Intcrvel of the poriod is threo days)
5% w» 3taadard error
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APPENDIR-3

Mpsolute mambor of AUAD positive colls in the perdpheral blood {(murbors/pl) of
healthy kids (A), cneunonic kids {B), pnownonic kids teeatod with levamisole (8

and kids fed aflatoxin (D)

Rl RQ 24 3 B 7] Rs RC) Hoan 58

A 939.8 031,684  1031.8  1179.71  1523.5  1235,85  1140.42 226,92

o 443844  3352.65  3609.18 22093.3  5405.4  2466.28  3642.52  1191.24

1 c 3502.81  3431.7 2576 2755.02 4659,04 3734.01  3734.91  497.38
D 1971.63 944 1034.55  948.72  1192.06 1533.4  1120.73  221.83

A 1185,23  1328.25  1493.54  004.8  1142.4 012.80 1151.35  245.41

B 2238,5  3178.56  6315,48  3800.98 4111.8  3910.04  3927.3%  1353,77

B c 1877.75  1577.8 2098,7  2737.8  3037.92 4284 2885.66 1060.49
D 794,25 1573.88  1132.97 1139.67 1602.5  1015.4  1239,77  379.62

A 1206.5  1358.68  1033.75  1151,90 1576.8  1013.61  1220.21  215.29

8 3133.9  4G71.95 4147 3262.11 4495.75 5496.66 4201,23  B95.60

irz c 2690.82  3720.06 3320 2554,86 4366 4383.04  3508.25 795,75
D 1896,75  1435.98 715 1172.1  1798.6 891,14 1316.38  478.47

A 1296,8  1289.08  10B2.9  1136.43  1469,71  US6 1210.315 186,08

B 2970 3063.05  5152.6  1927.2  4748,5  2476.86  3389.61  1281.35

A c 1468.2  3942.72  2266.28  2974.64 3168.38  3462.17 2879.73 637,87
D 1024.4  2145.4 $13.,5 1302 794,77 - 1236.81  543.63

A 1848,18  1825.25  1451.45  2227.68 2410,34  1750.32 1920.656  3483.42

. B 3207.3  4025.6 2365.12 2049.3  3796.2  2307.02 2086.26 831,36
c 1949.55 3304 2571.32  4B05.76  2751.32  2177.4  2039.89  1063.25

D 1540,77 1530 1050.4 2014 1567.5 - 1555.33  33B.59



mailto:3@30.98

Appondin-3 contd.

R1 feg R3 R 4 RS R6 Moan 2
A 1693.76  1458.52 1724.58 1746.36 2082.5 16268  1722.00  204.84
B 2593.47 3289.3  3134.1  2180,8  2323.23 1377,12 2484.34  695.89
VI c 2019.03  1702.58  4704.88  1382.37 1719.56  1005.12 2112.26  1364.68
o 2252,64  1790.2  1548,02 1498.5  1434.63 - 1706.40  335.03
A 1544,56  1508.15 1387,2  1939.2  1301.05 1435,  1532.56  209.60
viT B 1672.14  3130.38 1983.8  2088.2  1532.32 1704.96 2018.63  582.58
c 2166448 3372,5  1898.1  1580.8  1507.28 - 2099.03  261.15
D 1512,5  1287.5  1010.53  1149.088  858.0 - 1163.80 251,86
A 1685.8  1382.4  1350.3% 1670.63 1581, 1310.65 1492.48  169.55
n 3660,05 30B5.36 1642,5  2392,5 - - 2695.10  872.35
vits ¢ 1686.09 1734 - - - - 1710.05 32.88
D 1343,67  934.2 9.6 969,15 100946 - 993,24  227.81
A 1012 1275.68 1204 2020.11  1497,97 1390.35 1400.02 346,02
5 2169.13 3465 2418 1878.91 - - 2402.76 690,90
= c 1865.16  2563.04 - - - - 2214.10  493.48
D 1030.12  1045.8 090,46 100647 695,62 - 933.74  146.42

Ry ewarse R, = Sorisl mumber of oxperimental animala in cach group
1 (5}

I ceeses I¥ = Deriod {Interval of the poriod is three doys)
Sk - Standard error



Absolute number of neutrophils in the periphoral bloed (numbers/ul) of healthy

APPLIDINwG

kids (2}, poneunonic kide (B), ymounonde kids treatod with levamisole (C) and
kids fed aflatoxdin ()

Rl Rz ﬂ3 R 4 Rs ﬂ6 Hean 230

A 2030 1904 1705 2386.5 2133 1391 1925,01  347.5
) 3360 3944 7252 1089 3564 2118.5  2118.5  2182.20
x ¢ 3703.5 2480 100 2440 3118.5 2862 2565.33  1037.15
D 3234 2065 2970 2479 1917 1621.5  2361.08  628.67
a 1801 1725 1596 2432 1504 1635 1863.83  306.12
B 2282 6860 2972 2980 40394 3475 3948.5  1583.63

iz ¢ 3237.5 3300 3246 1436.5 3123 4375 3136.33  949.2
D 5053 3019.5 2037 2010 2804 3248 3341.92  1040.95
A 1688 1498.5 1624 1612.5  2697.5  1751.5  18132.0 361.32
B 6622 1855 4825.4 4947 4387,5 2784 4220.15  1684.60
i c 6940 3800 7680 1764 6475 5359.5  5186,42 2110.55
o 6182 3179 1540 3568.5 3338 5103 3I012.92 1620.67
A 1695.5 1560 1487.5 1647 1968.5 1610 1661,52 166,68
- B 5850 2142 4954,5 1679 5022 3163 3802.58  1213.22
¢ 9486 3168 8710 2060 7810 S874.5  6184.25  3037.34
D 4334 4214 3237.5 2511 4717 v 3802.7 204,89
A 2445 2235 2156 2457 3283.5  1930.5  2417.83  467.15
v 8 6522 3573 11281 3519 1995 2214 5400.17  3280.55
o 9038.5 6000 9322.5 4050 6435 3533.5  6543.92  3280.55
D 4351 a0gg 2352 2650 6100 - 3585.20  1757.13

£ ma~mite 3 0%

T8



Apoendixed contd..

R}. 9.2 n 3 13 4 H;S Ré §{32233) firing
A 2449 1911 2340 1863 2012.5 21025  2112.0 235,77
3 §742.5 3429 5223,5 2610 2821 3322 3601433  1056.83
vi ¢ 9352 2185.5 12750 1416 3819 3120 5440.42  4550.48
D T761.5 2340 2198 29050 5020 - 4163,9  2300.99
A 1633.5 2008 2040 1803 2402.5 2070 1956.17  330.47
B 2046 - 7161 4469 4236.5  2275.5 1776 3660,67  2064.50
viz e 9858 3250 3240 2041 155245 - 4110.10  3125.25
D 5375 2368,5 2145 2848 326%,5 - 3195,2  1290.,57
A 1036 1680 2224 1857.5 2325 2030.5  1898.83 263,53
5 3534 4312 5037 4350 - - 4283.25 514,12
VIIg c 4371 2805 - - - - 3500.0  1107.33
D 2674 2011.5 1152 1885 2500 - 2062.5 615,49
A 1960 2048 1420 1590 2286.5 2001 2045.92  646.13
- 8 2550 5950 1852,5  3257.5 - - 3413.5  1786.34
¢ 2076.5  1447.5 - - - - 1661.85  586.40
B 2812,5 2005 4753 2416.5 2875 - 3002.4 952.03

.'11 esvrennnen Re «~ Sorial number of exporinontal animels in osch groap

T eseraseenes IX = Period {Interval of the poriod is throe days}

80 = Standard exror

e - A



APPEIDIXS

Absolute aurber of U7 positive colls in the periphoral blood (mumiors/ml) v
of healthy klde (a), poeunonic kids (8), pocuponic kids trosted with levenisolo(C)

and kids fed aflatoxin (D)

Ri Ra 33 '9.4 RS Rs Meniry e o

A 30445 247.5 167,55 190,92 256,68  208.65  239.63 65.41
8 672 791.04 1165.12 162 641.52 360,15 631,97  348.14
I C 643.2 498 154 465.12  592.5 400,68  458.58  172.96
B 254,38 333.55  246.43  144.62 225,89  227.01  23B.66 60,75
A 226,92 189,75  127.68  201.84 266,56  277.95  230.12 62.54
a 337.94 13072 953,28  537.84 695,88  495.1 712,89  314.20
i c 777 660.1 0243 30147 593.4 700 605.75  163.57
D 404.04  T44.7L 616477  361.B 576.8 6804 564,08 152,07
A 168,8 194,81 227.35  177.38  374.63  175.15 223,02 76.61
B 1191.96  296.8 870.85  890.46  688.13  417.6 727.3 331.14
i1z c 845.6 608 1612.8 335,16  1350.75  B57.52 936,47  437.40
D 1050.94  867.39  261.0 713.7 733.7  1632.96 843,29 461,33
A 186,62  202.0 208,25  296.46  255.9 273.7 237,29 44,21
3 1111.5 349.8 792,72 268,64  303.52 530,56  577.46 322,42
v c 1992.06  506.88 1393.6 329.6 1562 1057.41  1140.26  637.62
D 605,76  674.24  485.63  351.54  943.4 - 612.31 222,22

A 293.4 279.95 389 417.67  501.03  424.71 392,12 112.5
v B 1091,5 714 135372 730,99  749.23 420,66 844,69  327.78
¢ 1997.25 1216 1396,38  777.28 1287 671.37 1207.88  445.22
D 824.67  354.96 446,08 S56.5 1080 - 652.60  206.03

{oontde)



Appendin=5 contd.

ml az '523 ‘&4 R5 Ré Hean SE
A 440,82 326,87  274.4 223.56  301.868 231,20 209.80  T9.T2
B 095,93  548.64  040.23  548.1 304.94  498.3 654,36  250.0
v C 1580,84 293,82 3060 212.4 534.66 409,32  1048.23 1098.40
Y 731.38 351 373.66 486 1047.6 - 597.93  293.18
A 294,03 333.6 285,60 225,45 246,27  269.1 275.68 3.0
8 420,66 1360.59 759,33 809.46  397.01 230,88 676,16  415.57
viz c 1525.28 508 517.31  588.2 18643 - 701.22  496.02
> 508425 378 340.3 426,56 488,92 - 412,78 71,62
A 293.75 252 244.64  265.65 372 243,66  278.62  49.4
VITT B 800.78 682,92 1057.77 680 - - 757,11 204,37
c 874.2 532.95 - - - - 03,58 241,3
B 427.08  261.49  463.68  226.2 514.4 - 350,72 107.13
a 235.2 585,65 213 274.9 423.35 324,16 292,71 74,95
3 492.1 952 318,93 621.76 - - 595.20  269.05
s ¢ 364.24  303.98 - - - - 330,11 42.6%
D 30,5 190.5 227.77  241.85  431.25 = 278.53 94,20
R1 PRP P Rﬁ - Jerisl numbor of experimemtal andmals in each group

T ersnnecsce IX = Poriod (Inktorval of the pericd is thres doyal
55 « Standard ceror



APPENDIR-H

Concentration of gaowmaglobulin in the semmr (rg/kl) of healthy kids (A),
mneurenic kids (B), pnsunonlc kido treated with levomisole () and kids

fed aflatowxin (g)

Rl RZ R3 R4 RS Rﬁ Hean SE
A 20 24 22.5 21.5 20 24 22.0 1.82
2 36 1645 6 37.5 43 48 36,17 10,73
I c as a0 44 a7 43 47 42.83 4.26
o 21 25,5 21.5 29 a0 21.5 23,08 2.46
A 22,5 27 2545 ¥1.5 24 22,5 23,83 2,09
3 51,5 36 1645 35 39 52 35,67  11.51
I c 3 49.5 35 48 a3 43 41.08 6468
D 35 a1 33.5 32 37.5 27 32.67 3.91
N 21.5 29.5 2145 24 20 24 23,42 3.37
— B 47 24 37,5 27 25.5 37 36.33 9,37
c 3745 35 28 A a7 2z 26.58 6.61
D 53 40 41.5 44 40 28 41.08 8.05
A 2245 25.5 27 21,5 21.5 75.5 23.02 2,38

B 62.5 20.5 51 41,5 37.5 a6 43.0 11,9
v ¢ a3 43 4a 39 48 41,5 43,08 2,97
D a7 37.5 47 53.5 32 - 43.4 8.55
A 37 28 25,5 35 35,5 37 33,0 4,97
B 44 25.5 48 31 31 36 35,92 8,58
v e 53,5 a3 47 37 44 49,5 45.67 5,71

oumome A 3 Twem

{contls)



sipon wa

-

«13. ”%2 RB 3 A L‘as g Nean
A 20.5 29.5 31 25,5 29.8 31 29,33
v B 29.5 2 g 33 36 3745 31.0
C 32 29.5 35 47 32 35 35.08
D 41.5 43 a3 53.5 36 - 4444
31 27 an 29,5 21 29,5 28.33
5 32 27 37.5 6 60 49 42,00
VEL ¢ 99,5 41.5 33 a1.c 43 - 27.5
D at.s a4 44 49,5 29,5 - 43.7
n 31 33.5 29,5 33,53 22 26,5 31,17
3 31,5 24 40 AL.S - - 33,25
vIII c 5.5 35 - - - - 43.78
n 10 44 44 52 43 - 44.4
A 29.5 31 3z 21 29.5 29,5 32.42
n 41,5 82.5 45.5 43 - - 43.3
™
c 47 a3 - - - - 47,5
D 40 26 45,5 ag A5 - 43.5

e
il

om0 wAie G Ol € e e 1A I8 0277 4 o

2.02
$.058
Gl

665

3.97
13.9¢
Ge25
3.75

2458
8,13
572
4.3%

1.07
10.55
8.71

5.32

Rl besksvares Rﬁ « Soricl ooy of omroriiomtl aninals in o, groun

I cvosevenss IX = Soriod {(Incorval of the 1nriod ig throos days)

30 - Stonderd Qrror



