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IHTRODUCTION

in Indls; dusls enjoy oscond position after chicken as
for as thedr nopulaticn and epg prsduction are qonaorned,
The total popuiation of ducks during 1972 was 8.43 millden,
which ross to 14,25 midiion by 1084, Anxdiiceting an annual
growth rato of 5.75 par cent. Sindlsxly the egg production
almo increased from 400 million 4n 1972 to 452 milldon in
1284 (Sreoniveoniah, 1987).

puck £arcing, populer &n esstern and sceulherny Stakes
of Infiz, hay rony sdvantages over chicken farming. They
are essy 4o bo reared, produce 4050 more agge than chicken
per bird por snnum and have 3 langer profitable life. Ducks
can withstand extremes of Indian ecolopiesi and gencidmatic
condicionss They ars quite hardy, mors caaily brosdsd and
can bo ranved An placss such o8 magehy riverside, wet lend
and barzen moors where chiclzs or noc cthar type of stock
will flowrieh (Sulbule, 1933).

Tho susgaptibility patiern of dusks Lo infecticus
dissasss ia quite Giffarent from that of ghicken srd they
e genarally more Fenlstant &0 comnon svian diseases,
lyrphatic systan ds paspeneible for the normal Sunctioning
off imeunity, PFunctionally, the avion lymphatia zystem is
dividad into bursa<dopandent snd thymusedopendent camponentes
The curaal cempenant i3 held responaidie for humoral dmmundty
and tha thymic coopowent for csllular Leeundty (Pirth, 1977



The bursa of FPabricius fuciions centrally as the progenitcer
of immunccompetent colls in thy humorel frmine systoms proe
Guotng antibedy releculas -« the frmuncglobulin, A stwly on
the Qifferantc clagsses of immunoglobuling and their charace
teristics is essential to knov thedr importance in humoral
dreminity and significence in the pathicganesis of infacticus
discases. Though daka are aveilable in plenty on the immunc-
glokilin profile of chicken, similar informaticn 4s scanty
with respact to ducks, Hence an fnedepth study of irmunce
globuling in duche is warranted o undorstend their humoral
irrune systen and ranietsnce mechaniams o verlous infoctlous

disgusea,

Varicus classus of irrmmogleobulins fdentificd for
chicken are IgS, I and Igh. Thres subclassas OFf G have
alsza been rapozted (iidggins, 1973). Tha concentraticn and
Glastrivueion of thess iomancglobuling in the sera and trecheal
waohings of chicksn have beon studied in detsil (Chhatra and
Gosl, 1585). The immunocglcbuling 4in the ggg yolk of chickan
have alse been atudied (Yemomote gt al., 1573). Hethods of
preparation, purlfication and concentraticn of chicken irrmte
neglobulins are alao avallable (Higoins, 19765 Goel as al.,
19693 landapalan gt ales 1983)s But not muca has vecn pube
ilshied in &hls )inoe with soapcot o ducks, which chew quite
a different pattsea of susceptibiiley to infcctious Alsessas.

Yhile an intact hursa was Zound essential during the
naonasal pariod, for the deveicpment of humoral irrmune



competance in chichen (Glick gt al., 19565 Chang &t 3}_..
1957 Muoller st al., 1963}, sush an abeciute raguirerent

of the bursa in thy neonatal pewicd vas not fomnd for devew
loprent of humsssl drune responses in ducklings (Click,
1983). Irouncglohulin profile of duck serum was studled by
{mancelectzopherssis and was reparsed $O contaln I and
tus subsglasses of ITol, 5.7 5 and 7.8 S5, Adffering in sodie
meatation confflcdent (Croy, 19633 1967sthn Unsnue and plicn,
1985: Toth angd Nopcross, 1981a). Hadge and Anbrosius {(1084)
ohserved that the 5,7 5 Igd 414 not represant 8 soparste G
clasg, bub possessed the same °H' chain 48 7.8 9 Xagl, and
suggented that the former lacked ths lest two homglogous
censtant regionse The Midery immunsglobulins of aasordform
birds wore found to ba Igheiiko while those of gallifomm birde
had dlgferent entigenic properties 4n respsct to thelr rFo
regicn detorminants (Hadge and Ambresius, 1080b). Eventhough
Igd has baon demonstretad inm chicken, pigacn ang turkey, tha
characteriotics or gnistence of Igh in ducks are ptill
oRGoures

The prosent study was undartaksn with o vicy €0 daters
mine the domminoglobulin profile of duchks and to delingate
tha role of bursa in shotlr produstion, for vhich £ho 20llove
ing technicques were emplsyeds

a) Seppration and purificaticn of voricus classes of

drmunsglobuling in dusk aseruwm and guantitetion of
immuosglobuling 4n sorem, bils end egy yolk.



b) Quantification of irmmmoglobulins in ducklings of
various ape groups which were subjected to hursecs
tomy by surgicesl, hoermennl, chismical or antibureal
oerun mathods, bsforae immanizaticn with elcher

Sakmonelia gyohirmyriyn or sheep rad blood cells.
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REVIEW OF LITERRTURE

The oriemtation of the ksy cells of ismmmity, the
Iymphocytes, 18 effectad in Lhe *training ground® of iyne
pheld organs, thymus and the bursa of Pabricius or the
bursa aguiveiant.

111 o (] 1cius

The bursa of Palricius, endodermal in axigin arieing
as a cdorzol diverticulun of the prectodiunm snd dovaleping
a5 oarly as fourth or Z4fth Qey of incubsticn, 1s on unigque
crgan present 4n avion epscies {Meyor gt gles 19597 Romanoff,
19603 Glick, 19633 Ruth ek od.,; 1961; Chakravarthy o CGastrys
1982). The shapa of Mursa in young adults was goun! or oval
in chicken and cylindrical with oval ende 4in duche {(Click,
1963). It measured tvo o thras ¢om in length and gbout
£4ftcen rm in width and weighed shout three gramg in four o
£ive month cld fowle (Giick, 1936), The greatast develoroent
of ths buroa was oboerved at approximately three to four
menths in the dweke 1In the six month cld ik, a length of
£ive om and diameter of sevan mn have been recorded (Ring,
1075), Involuticn started with the onset of sestusl maturity
and was corplated at the age of ten tO twelve months, reducing
the bursa to a tiny saccule or fibrous cord embadded in the
cormective tissue and thereafter totally dissppeared
(Chakeavarthy and Sastry, 1982).

Nagarajan et al. (1960} havo reported that tha weight



&

of the burss of chicken as a percantace of bhody waight was
highest (0,79%) at thirty days of age end then decceased.

In White Fekin duwckiings, the bursa of Fabricius had & mean
walcht of 0.00 & 0402 g (0.13% of body weight) on the day
of hatehing and 4t grew most rvapidly during the fivrst £ive
wesks after hatchinge Tha saximum sbsolute mean of the
bursal waicht was 2,07 & 0448 g {0.09% o the body weaight)
ot nina weoks of age. From the nevt week there was a dacraans
in the rean welight, ond thie vas followed by a ateady regre-
osicn. At 22 weeks the weight reached 0.41 # 0.43 g (0,024
of body weight) (lashimots end Cuglnura, 1976}

Metolege of ehe huras

The lursa of tho duck has two massive longitudinigl folds
on the ventral aspect ond absub 10=12 smller folds extend
into the hursal luven. %hess folds contofned sevezol lymphoid
follicles surrcundsd by commective tissue trabeculas. Each
£elllcle contained lorge lymphooytes sparsoly distributed in
tho central ragion ard purrounded periptarally by closely
packed spall lymphooytes (Chakeavarthy and Castry, 1082).
Cellular elements in the follicles were comprinad nainly of
a serdes of lymphocykes, spithelial cells and macrophages.
In the nedulla, waich was linsd with & shee: of apitheidlal
cells, housver, the small lywohocptas were mere dondnent than
in tha cochex, which consisted meinly of lorge and radivm-
sized lymphcoytes. The epitholium coating the dnner surface



of tha buxes appesred to ba divided into two parts, the
interfollicular and folilcle-aoscelated epitheliun, The
Angerfollicular epithwliun was pseudostratified columar

and the apithulial calls vere mucous cells with seqretory
sateriasl. On the cthar hand, the follicle~assccinted epi-
thalium was stratificd cubdidal or columasr shape which
extended into tha madulla (Sugirmura gt gles 1975)e The
intarfollicular sprce was £1lled with vascular connective
tissues containing narve fibhros, small nunber of lyrphocytes,
plasta cells and gronulsr leucceytes, Plaora colls in this
ares had alrgady appesred cn the dsy of hatching, and the
number incroased markadly to the third woek of poatshatching
iifa, and thareaftor dacrgsssl, The numbar Of bursal lymphoid
folliclas during pootnatal life shoved alrvst no changes upto
13 woaks of age. Theresfter a sharp docrsasy was obssexved
with cnly a fow lymphold folliclen within tha bursa at

22 veaks of age, which consisted mainly of hyperplostic
srooth musclo and adiposs tissue, During natural regression
the changes startoed £zom 13 wesks of age and werc characterized
by loss of Lymphocytes rainly from tha cortex, and thinning
of the interfollicular opithelium. Consegquently tha follicle
elss dinindshed. Thinned follicle-associsted spithaliun gave
vise to cystic structures 1insd by flatienes epithelial cells.
A marked inorease of connsctive tissue ocgourred in inter-
follicular spaces and st 22 weaiks, almost oll of the bursal
dymphodd colldcles dicappoaved and the bursa persisted as a



very small sack nsar tha clcace for cord perfod after the
cnaek of zawual maturity (Hashimotoe and Sugimura, 1078).

Splecn

The splenic rrimordiun appeared at 3.5 days of incubs=
ticn o5 & mass of megenchymal ccllse DAf€uso lymphold focd
bazeme vioibls in tho gploen fomeddataly afser havching and
gesminal centras appear by four wecks of age (Thorbocre
€t a%es 19573 Detnnnsy ond Bbart, 1962).

In ducklings, theough postnatal ldfa the splesn ao a
whole varied less in weight then coabral lynphcid organs
osuch as ths thymus snd the bursa of radricius ([lachimoto
and Sugimurs, 1976). Buriny the ficst sevoral weo™ s of poste
hatohing 1ifc, the spieen gzew zapldly and at the thizd weok,
ito weight as & poreoontags of tho boly welght reschmd Lts
maxtoun (0024}, while tha abscluta weight showed & successive
dincrease uptc the cleventh wegk {1426 2 0,39 g} in spita of
a constant dexpeass of its zoelntivs value to the bofy weight.
Boyand this age group, tha cpleen appoazed to ranch a stadle
wolght, althouga a slight dacraase in weight was oongerved
firer the ghirbecnth week of age (Hashimoto and Sugimurs, 1977).

reriarterioclar lymphold tissue {PALT) and parivencus
lymphedd tiscue (PVLT) of duzk's splesn cemedotad rainly of
small lymmhocytes medghbouring she centrol arteries and
aolleQting or tysbecular volns xespectivelys In aged ducks,
garminal centras vera cccasionally found 4n those nrcas.



Periellipacidal lymphold tissue (PELD) was the most voluni-
nous in aldl of the white pulp elorments, Splenic distribue-
ticn of germinal cantron occurred in claase relaticn to the
veosals oxclusively withdn the PALT or PVLT. They consisted
of a variadble populaticn of pyroninonhilic lymphoid cells
and reticular cells suggastive of macrophages. The germinal
centres in the PALT were clesrly encavsulated with thin reti-
cular £ibreg, while ths ones in the PVLT were occasicnally
lacking theme Ths total area of the PALT and the FULT was
lesas than 10% in ths duck splesn, and cccupied less than 1/5
of the DELT (Hashirmoto and Sugimura, 1977). In the spleen
of bursentomised ducks, there tas no PELT, but an almost
nomal number of plasma cell series (Sugimura and Hashiooto,
1976)e PLLT 4s considered to he a principsl clenant of the
white pulp as vell) as of the immune response in thae dwk
splean., 7he indtial gurminal centra formation was noted at
sha seventh weak and shoved a tendency to incraase in number.
The gerninal csntra could not always bo found in tha spleen
of every age group £rem the sevanth woek omvard, but the
frequaency of the gorminal centres in the PALT vas more than
ten times that 4in the BULT (Hashimoto and Sugimura, 1977).

Amcng tha reticulsyr frams work of the red pulp of duck
spleen, cells of the plasma cell line wera localiced toge-
thor with tha blood collaes This line of cello wore £re-
quently detoctablo near the collecting or the trabocular
iy sl
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vains, and cccasionsily in the venous lumane The trabacular
tissua weo less developed (Hashimoto and Sugloura, 1977).

Role of hurgs 4n antibody productdan

The buras 18 thae csntral lymphold orgen £rem which the
Armunoglotaulin producing cells may originate (bSayne, 1971).
A veview oOf the literature revoaled that most of tha studies
on the zole of burga in antibedy production vere in chicken
anl that only vary fevw such studies wers there in dacks,

Qlisk et al. (1956} foundl that hurss playesd a vital role
in ehe produsticn of antibodies ¢o Salmonella tyobimuriuc
and that The rapid growth perded for the bursa coincided with
the paxicd of attvalning the sbility to davalop antibcodies to
{oreign proteins, Once the bivd hed dsveloped antibody pro-
Quodng abllity, it was caintained throughout life. “atibody
rreduction was grestly fecreassd fn birds burnectonised
auring the £irst fow voeske oftar hatching and the effsct
daciined with incrcasing age. DBursectany of young chicksns
reduned antibody rrodustion pesulting frem injsction of
Se fychirurium of oheep red blood sells (SRDT), Ho antibody
uas denonsbrated in sera from ohicken hursestomised at two
wasls. Thote urpoctonined al. (ive wacks damenstrated rore
antdbody titre and dursectomy {Ox) at ten waeka produced
antibody sitve almilar to controls {Chang et al.. 1957).
Intravensus injection of sntigen produced highsr antibody
titres then A4 intremmuscular route. Bursectcmissd chickens
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Gemenstrated for legs resistence to S. gyphinuseion infecticn
than 413 the nonebursectomised controls (Chang et al., 1556).
The antibody titre folliowing & single injection of antigen
was higher at day 7 than at 4, 11 or 16 dsyo (Chang st al.,
1957), Sadler end Olichk (19681) while studying the antigenaw
city of duok RBQ in bursectondsed and norebursentoniosd
chicxken found that 803 of the non=bursectOmised birds that
wore insrermscularily injected with dusk RBC hod an andtbody
titze above 1/16 whils caly &0 of tho bursectoriosd birds
had titvas above 1/16, thereby indlcating the interfersnca
of Sx with antibody proguctions

Glick (1562) raported shat 8x Aid not olgndficantly
influsice the antibody pwodusticn of the White Pekin duck.
B4 02 Uhiite Pokin ducllings at four days of ags or later,
anly slightly roduced the antibady respanss at slx veeks of
age, A twemtylour wesks, bursertonissd hirds exhibited a
significantly lenor antibody titre than consrole, This indi-
cated that an intact burea in neonptal perdcd was nst an
ghisclute requirement for develcoprant of ittwune respanse in
ducklings (Glick, 1063).

Resoval of the burea of Pabrictus at ove duy of aga
affectivaly prsverted g large myder of che Lirds fron prow
dueing prenipiting te bovine ascun atbumin (BSA) vhen inocu-
latdons wveore made at 20 wedhts of age.e Duat Bx ot een days
uas less afficctive. Tuo steroid hormones, 1%-nortostostercna
and 17=ethylel1fenortostastorene, sdministered on tlo tusleéth
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or thirtconth day of incubaticn, caused a £ive to twanty-fold
reduction 4n tursel woight and correspendingly, precipitin
production against BSN was grosoly drmaircd (faeller et gl.,
1982)s Fujivara ot ple (1970) found that chichen oublecked
to 8% and/or thymostony within 48 housc of hatching and than
gsenaitizsd vish Condide albieans after oix or fourteen waoks
shoved that Di deprooeed tho develozrsnt of Condlds agpluti-
nins and precipitins, while thymacteny deprassod the dovelopw
ment of delayed hypersensitivity. Clanbrone gf gle (1977)
ropocted that chicks vhiceh had been fncculatad vith infec-
tisus bursal disesss virus at ono day of age had o aevere
dapronsicn of Darsa-dopondent humoral irmune functdcons by
day 42, vhilo it hod 0o significont eff=eh cn the thymuoe
depandent: collular £oopanscs. But chicks inceulotoed with
infecticus buraa)l discase vigsus at tventyane days of age
proeducad nose pormal antdbody resporses as compored with the
respanges in non=-infacted control cidcks,

Glich (1553) found that a orude extrast of bures ~atoe-
rial inczensed the antibody titre of hMugscotcrdeed birds to
SADC. Janimvic aud Loshosdts (1965) have reported thet necs
natslly hurssctomicad chichen weee soricusly defazkive 4n
antibody producticn to human red colls. But vhea gragied
uith a bursa in a Millipore chamber, significant restorsticn
of antibody fermaticn occurred. The antibody Sormed 4n
grafted chiclen vas MC-ponsitives Chicks burcccteniced by
testostozone injoction on the £45th day of incubatdon chowed
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o morhed dnability to produce antibodies to 3. Lyphirmeium,
then prateins of the burse of fabricius wers enclcead in coll
impormaohblo olllipors dlffusion charbors and {mplonted sube
eutancously or intrazaritonoolly, the antibedy producing
capacity of shese hirdo wes postorsds ILvidonca strongly
sugoested that the rga eloborated a nonecellular agant
copable of rostering imrunologie reactivity in burssctomised
ehicts (Ste Plerze and Ackefman, 19065)e Ste Plerrs and
hokorman (1966) studied tha offect of Anplents of muroa aleno
Qr burca within coll-dmpormoohle dd€iusicn chanbers upon
dymphooyide noedules and plasma ¢ells in tha oplecn of hormo-
aslly buesectoniocod birds fmmundzed with S. suphimurdor,
sueoectordead bMrds drplanted uith enpty diffusion chonbers
fodled to preoduce antibedy and lacked lynrphocytic nodules and
placma golls in tholr oplecn, Thoog bugsectoniscd birds with
burss {omlonts produced entibody, had lyrphooytic nedules,
Int lackaed plasna ¢olls. Davelopment of lymphooytie nodules
in gpleen of chilchan sppeared te be dependent on the humoral
action of the bursa, but tha humsral gzent slonc 444 not
anpear zeoponsibie for plasma col) formntion.dm Stulying tho
efiects of injecticns of burso of Febricius extract in normal
ond burcostonised chicks, osketoki and Sleba (1963) found
that antibody prodoction was atimulated In both groups when
£ivo injoctions were given prior to antigen adminiotraticn.
intravencus tyanoplontotion Of colls fron bursa of Pabeiciun
of aix and o half weoleold donors to surgically burssctomised
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chicks rasuited in production of natural and imene antd-
bodien to LNBC and Be ghostus (Tolvenen gt ale. 19720

5t, Piarra and Ackarmen {1986) found that fmplantation
aoff denor bures An hevmonslly bursectonised chicken restoxsd
the fmamological reastivity €0 J. Syphimueiun by mesns of a
tnmoral mubstance ospable of passing through callwitpermssble
diggusion chashors, Lymphooysic nodules of splegn, ohown to
devalop usder the iofluence of tha hgseral agent from the
bursa, were thought in part to be the site of antibcdy proe
dustions Heller end Priedman (1979) have xeported that thc
racovery of hamorsl ifmmuns response in bursectomissd chicka
given cruds bucssl extzocts was of brisf duraticn.

antékody or antigen was not demaoastraced in coeils of
bursa of Fabkicius, by direct Llucrascent staini-ig, aftep
Smmundzation of thrans waslenld birds with Do, Dub electros
plivresis of on extrsct Srom the hurea suggessted that cells
of the bureas may producs 19, spacifically IcM (Glick and
Whatley, 1967}« The bursa played an sctive part in antibody
formation against insctivated Salmonslla cuilture omdy uptc
oixn vaeks after hatcldng an? Sx reduced this sntibady Zorrge
ticn (Simeonova, 1972). Sato and Glick (1973} detemained
tha antibody titre and claszs of ismuncglobulin in surgicelly
bursectanised birde following ons to four iformnisations with
S1ER, wWhile ths primary itcmns responns was lower i huse
sactordsed chicks, there was a normal response to subsaquent
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anticon Anjecticns; follawing tha testiagy infection, IgM
synthesls Ansrsased 4n hurzectomiasd chicks. Stoadying the
Aifferzntial offsct of Bx on onkdbody praduction In a large
end 33}l Darsa ling of Rew Harpabire chicken, Landreth and
Glek {1973) obsazved that small burss Mne (SBL) hirds
ursectonlsad et hatch f£ailad to profuce HA 4o & primacy
injackicn of SRDC and Mx at oue waek reduckd the antibody
tivze, Bz at thres and £2ve waekes had no effect on I levels.
In Jarge barss iine (I30) bicds bursactonissd ot haote™, antie
body ticre did not Aiffar eignificantly £rom coatrcid. ALsd
shere vere fower iymphald £olilclos at hatch ia the Lucoas
fron 920 bivds than 0% bizds.

Remcval of bupsa off Fabricius at ona o Live days of
age had o sicnificant effect on resistance or dsveiopment
of dmounicy to fow) poux virusy ban chicks bursectondsad at
fourtean doys of age welre more auscephible Lhon nOn-UESes-
temisad bixds or thoos burssctonised a¢ day onas Reraval
of the bucsa at five days Aid not pravent the developozat of
iremndty o low Costle ddscaso vizus {Sadier and LAigar,
1868). Uhon mavaen week=0Ld ndrmal and chemicslly bursecto-
nieed chicken were injected intrasusculacly with attenuated
Romarov shraln of Haw Castile dtcease virus (1) no diffe=
ronce vas Sound 4n haemagglutdnesion inhdbiticn ($iI} antde
bady tltres of aither graup.

Soparation ol the bursa Lront the rast of she (ut asac-
claved lymphiofd Sissue (GALT) shuwpd thot tha chicken bursa
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of Fabricius functioned as & peripheral lymnholdd argan sincs
apactfic mmtibodics vere formed againsg atticens fntroduced
into the bucsal lumen. Dvidsnce was slse obtainad confixme
ing Be shogbus to be & bursa-depandent antigen, but that
BRBC neaded co«spavaticn of tha GALT to svolva a good humoral
dcrmane response {(Hippeleivnsn af 8)., 1937,

Bureeqtory_snd Yamyne Resconsg

Varicus msthods of hursestonry-surgical, hormonal,
chemical and using antibursa sarum have bheen tried 4n bixds
to study their effect in frmune respsnse, Eventhough s lot
of yasearch work has been dong on the imuna responsa in
bursectomisad chicken, thers sve only very faw published
reports on hursectomy in ducks,
Suricel) hyrsectomy

Tha removal of the bures of Fehriciys from chicken at
ten vesks d4d not cause a dscrsased antibody Xeeponse whan
the burssctomisad bivrde ware challenged uith antigen at
32 waeks, lnwevar, D% ot one veek was asguciated with
graatly reduged satibody responsivensss sv aix, twelva and
tuanty-two wecks (Muellexr gL al., 1960}« Eventhough Bx
before three days of 8ge Aid not significeantly influence
tho total of abaclute number of leucogytes at 12, 19 or
41 days of age, the small lymphocytas were very fow at five
and flarsyane days than sediun sized lyrphocytes (Glick and
5080, 1984).
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Burcectomny of White Pekin duckiings at four days of
age or later slichuly reduced the antibody responas at six
wetks, At 24 weoks, hurssotomised birds sxhibitsd a signi-
ficantly lower antibody titre than controls. This indicated
that it may ba necessazy to allow a cerxtain periocd of time
0 pass after Bx of duckitings Mefore an interfsrence in anti-
body formation can be obsssveds The lcnosr sncubation pordcd
of the duck in relation to the chicken may ba an irpoxtant
factar dn ths duek's future antibody catunizy, <ho buraas of
the ducks may reiease its imunologically coopatent coells o
hmore) substances Quzing embrysnic developmsnt. Thus Bx
atver hatching would ha too late 4o significantly influence
the antibody respenss of {(hs duck, Yo sffect was noted on
white bload corpuscles coult after By (Click, 1983).

Ciaflin gt pl. (1088) yepozied that although birds
pugsectomisad {surgicsally or by 1% nortsstosterons) cansise
tently syntheoized antibndy {chicfly ME~asnsitive IgM type),
shey were fmunologically sulmoxmal, as was svidant by
obgerving the total antivndy titres bafors and dqueing the
firas five doys aftor o aingle immunisation with killed
Be ahortus. This subnormality was less by day nins and wes
o0 langer detectsd by cusarving total antivody ticres at day
thirtoen (four days after a =zocond immunimaticn), This
immnological impatrmant sppeared more sevére in the case of
HEeracdetant IQG sntibody titras, vhich were markedly sube
noroal in bursa-deficient birds at any of the time under study.
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Chicks surgically bursectonised at batching had normal
asrum XgG levals es lote as tudlve woeks after hatching and
they showed gross Igt Asficiency et e months, I¢M levals
vare norval &8 late as six months efeter hatehing (Janksvic,
1967) .

Parey coft Bienonstosk (1973) zepartod thet Hx at hatohe
ng 103 o rronouncad elevation of garun g, 5 modarate
denrazce $n g6 and & more packsd £all of gerum Ighy whan
corpored o sham bursectomised bixds. Van Meter gt Al.
£1059) have zeportsd that despite ite auppressive effect on
privary antibody rosponses, Bx at hatching had no effflect on
the cerly vise in cizculsting IgH. Thic treatoent delsysd,
tue 444 nat pravent the normal increcce uith ags of plasma
2g6 concentration,

The 2G0 systor was quite cansitive ¢ Bx and vas more
severely affected whan cerlior Bz was performed, aince Bx
ano veek atter hatching hedl as effect on Ige ar specific
entibody, while D¢ ot hatching caused a 2lioht lowering in
the IgS lavel and a rodarste drop in IgG spacific antibody.
The It gysten responded quits differsntly. IgH lavels wers
markadly olavated with easlieor DX, wWhereas IGieantieSRos
titres wora 1ietla changed. In bursectomigsedeirradiated
birda, both Ig0 and Ig and antibody levals wers iowe The
fa0t that tha ursasless bird was sble % praduce IgM,
suggssted that the funstion of the busas was primarily o
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Induce the tranaition from synthesis of Igt to thay of IgG
rather than to indtlate IgH gynthasie dtoelf, Under circune
stences in which tha bursa was prevented at sn early tine
from forning, the potential ta produce Igh might develop in
ancther organ, such as the bong marrow, $oom which the cells
which lodoe 4n the bursa were darived. I£ no buxss formed,
the procursor colls might still acguire the potential to pro-
duce IgM, but the nonsburssl site might not b2 able to induce
effictent differsntintion of tiw IGG eystem, Thooe results
indiceted that (1) thw Lursa had & major role fn the maturs-
tion £rom Igf4 to I3 synthenis and (2) the burea was not
essantial for antibody and Ig production (Larner gt 81.,1971).

In ove &z of chicken on days 18, 19 of 20 of dncubation
anG sensitication with SA8C at day 25 afbar hatoehdng protuced
undetontably low cerum levals of I, a zeduction in SREC
rosatom=foraing calle with normal or incroasgsd 12 S and
Doduesd 7 3 Ltmmogiobuidne, togethar with & corplete absanca
of garninal centres in the apiesn, Ths Siuding that birds
which wara equipped with s2rum 12 S ke a0 7 5 Ig lacked
splanic germinesl centres cast doubt on ¢he hypothasis that
the switch of 19 8 &0 7 5 Ig wans necessarily on inbrabureal
cvent {Diythnnn ard vhite, 1877} Ioyuncglobuiing mads by
chichen hursectoniced in ovd on doy oleven of incubation ware
studied by two-dirensiounl gal elactrephorasie. AL such
huwracckosined chickens had iimited Addversity 4n thetr g
nolecuiea, A pange of difcerent. Aegraes of Adversicy
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rectzictlion was found An individual bhurssctonised chicken
{Rusng and Dreyar, 1978).

Maguraticn and functionsl dlifferentiation of srranocome
petent colls against . ahortus antigen was observed in sure
gically bureectcmiesd chicken which had zoceived lursal cell
Asogratts fcllcwed hy £ive dadly consecutive doscs of bursal
extract {Baba and Nalahavs, 1981).

Cells from chicken burssctonieed at 60 hours of tacubew
tion 2nd pormad Controle vere oxumined fox Ig and specific
antibody secvetion in vitra. Anti-tetanus antibodies wersa
oheerved 4dn che qulture supernmatants of cells from totanuse
irmundeed cantrol chicken. Bat qelis frun imunized-bureec-
womiead and nonefcouniaed comtrol chlaken did not ascrete
spocific anethodias (Carola gt Ales 1988). Vozemas gt ale
L18d7) zepbrtad Lhat the chiciken hatched out Szem enbryos
surgically burssctenised ot 60th hour vers unasle to rospond
to antigendc seimlation by spocific antibaedy preduction,
Thia inandlity to reppond %o spaelfic antipsas wes reskrictad
te O calls ond to pucdusticn of spacific antibodies, while
the Te-cell systen was functioning normally. 7The findings
indfcaved that the buges wam 0ot negassaly for the davelop=
ment of thyrusedepsadent imausns funetiona axd suppocked the
suggestion that che specidie functicn of the buvns was the
crzavion of antibady divarsitye

Burscohosy &t 19th dazy of incubation ¢suseld & dsorease
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in cha myvber of cells capable of rosetts formation and in
the arount of antibody producsd to SRBCs This wWas acoom=
panied by an clterstiocn of thy zasponse and projuction of
predominantly 2-M2 sensitive, high maleculer weighe antibvody
{Motdcka and Van Alten, 1971),

icech and FoffmanneFazar (1973) conducted histologicsl
examinaticn of the buvss, thyrus, splean and cascal tonsils
of chicken with atxwormal immncglchulin patterns following
onryonal By, s well as «f theix offfspring, They suggested
that the changas in imcsmeglebulins might have rsauited £zom
sacretory Alstuzhantes of the plasts colls.

Ivanyl (1975) cbservad that the antilhcdy rosponses to
four antigens - SABC, Dgrdatells pantussis, humen semem
altgnin andt 4nfluenca vizas = vere delaysd in birds gsurgi=
cally bursectoniced at 1, 4 of 7 day after hatehing.

Enhancensnt of antikody responsa was cheaenved in chicks
hurgectenised for 5 doys after intraburesl priming with Sanc,
But Ox performed 2 daye after primdng resulted in & decreased
Anti=-SR0C response. The anhancement of ansihody response
was sugoerted £o be medisted by ranovel of bursa-darived
suppresscr colles (Eirota et al., 1981).

Surgical buvssctomy of chickan at &0 h of fncubetion,
bafore thy sppearance of burscal anlege markedly decreased
the frequancy of IgG* cells in the spleen, psripheral blosd
and thymss, Bursectuny had noc effect on the total lymphacyte
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ond other white cell counts in ¢he psriphsral blosd
{Jalkanen 1Y ao. 1983%,

Olah @t sle (1985) pepertod that 5hx soan after hatche
ing gesulted in cellulsr deplation of tho periesllipcoid
uhite pilp and degeneration of llipsoid asscciated cells
of chicksn spleens They suggested that tha irpairment of
nigraticn of the latter probably sccountsd, in pagt, for the
saall mober of germinal cenires,

Lerner of al. (1971) postulated that complete suppres
ssion of tha burss led 0 devalcpmont of bursal cell line
procursces An ancther pext of the body, Iotloka and Van
Mlten (19720 suggested that bursa ridght not he necossacy for
all types of entibody responses. Jankovic gt al. (1573)
sugoested Ly expariments fuveiving S2x Srem as safly a3 52 h
of embryonation that tha bursa might not be onligstory for
the developrent of the bursal coll lins,.

Sulochans and Jaoyaprakasen {1983) reporisd that chiskon
gurgicslly busssctamised ag shizd day of Patch falled to
raspond o a primery vaccination agalnst Bswoastle dlsease
virus givan on the 8th day, vhile a zevaccinaticon after six
vagks produced HI gntincdies sufificient encuch Lo zasist
challenge with & wvirulent vizus,

Guantificastion of the imrnmoplovulins in the aera after
{moundzation wich a mixture of antigens is chicken surgically
hurgectoniesd at hatching shouwsd that the IgM levels in normsl
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&nd surglonliy bursectomisod chioksn wara oasetinlly the
sana, In contrast, the increasse in tha Igo level vas hine
deged until che Oth waek in bursactomised chichen, The IgG
vaiue in thase chicken approximsted that in norral ones at
atwut 34 wecks., The &nflusnce of Sbox varisd dspending upen
the sge of the chicken and antigens subzeguantly Iinjected
{idvota and Dito, 1978).

Nekatani gt al. (1988) found & B cell suhpopuletion in
the splacn cells of 3«4 monthwold chicken bursectordsed on
the day of hstching, vhich had a low dennity of surface irrme
meglobuiing An conpexdoon with normal 8 celle.
Lermonal burcectory

Muzlier st 23. (1960) obenrved that prenatal inhibition
of bursal diffexontistion by infeccion with 19-nortostostarone
on the £4£th Jday eahrycnstion (DD) coused greater interference
with antibody pradaction than Ald Soxn at cne waek of age, The
data aujgested that it was not the cvarall defictiency in
yrphald tizsus in the young sdult hirds that was responsibis
£or the decreased raspenss ¢0 antigsn, but the saduced lymphoid
tiagus in the pre-or nesnatsl ldfe which had an indizect tut
Iongelasting and critical role 4in antihody produstion in later
1ife. <Chicken hratchad after auch trestmwnt were unable to
produce precipitins vhen challenged with a singles intravencus
injecticn of bhovinog sorum aliumin at oix or twantytwo weeks
of age. While SBx had no offect on body weight, tha hormonsl
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bBx (HBx) produced birds waighing lses than tha controls and
generally in poor haaithe Mortality 4in the homronally burse-
otondoad birds was alsc highe Glick and Ssdler {1661) fourd
that dipping fertile eggs into molutions containing testoe
gterone propicnate (70} or dlethyl stilbestrol caused signi-
ficant reductisn of burse size and that in acme cosss TP aven
elininated tha bursa, Both hormone soluticns alec reduced
splesn oicte, The antibidy response to a polyvalent Salmonells
puliomum antiga wan markedly reduced in birds hotensd £zom
thae TP dipred ezgss

Tastosterens adnindstersd an 12th or 13th D2 caused a
£ive to twantyefold redustion &n hursasl weight (fucller et &l
1262) ard significan: reduction of bursal size was alsc saen
vhan givan tc eight vesk-old Rhode Island Red hirds (Click,
1857 Treatoent of white Leghorn chicks with low doses of
TP {0.625 mg/chick dally? for tha £ipst two waeka of 1ife
grestly reduced tha bursal welght without Anfluencing the
weicht of thymus. T relative uaight of spleen was reducad
cn tha 30th snd 44th days of 1ifo only {Rosclovska-lluszcs
and Skwarlo, 1980), A quantitative reducticn in buxaas sige
at hatching also cocurrsd after dipning egos 4n 77 ssluticns
of 320 m3/100 ml ethyl alochol or higher concentrationze. A
raduction in antibody rasponge aise occurzald 24 h4zds hatched
Sram che 1P dipped eggs {iay a1l Gligk, 1964). RQsz and
Grize (1268) found that Mk With tEstoILELANS wWasd [ITs



25

affective than 8Bx coupled with irvediscion in asprwesing
tiwm primecy response to ssluble entigens,

Testoaterone praopionate dlpping (TPD) cathod was found
t0 be more afficlent in effecting esbryonic Bx than the 7P
injecting (7PI) method, es the majoricy of late zubrycs and
day«0ld chicks from TPD-treated eggs lacked a visible burss
{Click, 1D61p Ciick and Sadler, 1981), waile the buxsa was
present in Lhese injeoned with TP on day 12 of fncubstion
(Crdck and KoDuffle, 15743 Joznor gf gle, 1969} Cidck and
rebugile (1574) sisc ghgerved that Auing (he £lroh week of
embrycude 1i£3, the hursa along vgs staraldezensitive, wille
durdng tha secend wook hoth bures and stan osll may bo
stezodd senpitdve,

Lerimr gt ke {1971) chserved that Ox penfored a3
eurly af ths 3 NE with Sestosterons resultad in mathed
lowering of Igd, Tha Igh levels were markedly zizvsted with
carlier B, whoreas IgH anti«-SRBEC titres were livtls changed.
Noffmann Facer and tosch (1973%) cbaarved the foliowing Ig
pasterns in fowls that ware hormonally bursectonised after
3 DY arrd chenrved hatwaen ten wasks end 18 ponths:  XgG
levels waie eithar low with normsl or increased IgH concens
traticona o vice vorsa and bheth IoM and IQS levels wers
rithar low or notmale Hirots and bitc (157%) produced hoxs
menaily bursectomisad chicken by either dipping 3 D eggs in
2% TP in ethanol (TPy), or by incculstion into cnoricsilantols
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2466% TP 4n corn ol in 12 DU smbxyes (‘1‘913). The anti-
bxdies produced by Th-treated chicksn againat SREC and
Saltvnelia pullorum were almost exclusively IgH typd. Treat-
ment with 7P on 3 BE rasuited in much highar IQM levels than
in normal birds, ut the czeatmant on the 12 DI suppressed
it to o extont. XgG production by the TPy chitken come
plotely stoppsd until 6 to 7 waeks of age, whils that by the
TPy chicken was supprezeed considersbly until about 10 weeks
cf agn, after which {4t startsd to increase rapidiy, Horwoe
nally bursectoniscd chickan respandad to SRBGE o & higher
extant than thoss surgicslly burasctaiced in a nevly hatched
periods lilrota sb 3l. (1976) alao reportsd that the produce
ticn of IgH4 sntibody ageinot SaBC wes not affectod signifi.
caitly by TP, it dmnune responsas acainst bacterisl antigens
and the producticn of I0C antihodics vere stronply suppressed,

Injecticn of TP into 12 DT eggs pravanted the develop-
mant of lymphodd tiscus in che buras of Fabzricius in chicken,
then femunological responses of these horsonallyetregted
chichken agalnat costalin antigens wers studied no eirculating
antibody wes datectsd {Mapnor oG al., 1962). Carey and
Uspner (2064} chsaxvsd Shet the chicken hatching out from
eubayos treaced at 12 DB with 4 og TP ard subssquently imge
nized with bovine serum slbunin st four weaks produced less
thaa cne percint of normal lovels of antibodies, but synthee
alzed at least 404 of the normal anount of gammaglobulin,
on rochalienging sevazal of the 1B, chichen that survived
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untd) eight menths with varicus antigens, o total lach of
sntihody producticn to mast antigens tas found, aventhaugh
some of twese bixds hod considersble amounts of IgG andfor
IMe Thera resultc reinforoed that concept of en absolute
ddescciation of immunnlogic respoasiveness in chicken, 4n
ghat the burss was the sale sits of contwol of Lthe develops
ment of tha antibody forming system (Usrnar gt aies i%ﬂ.

click (1969) reported chot Bx using aleoholio 79 sclue
tian Atd not signiflemntly influcnce the absoiute mwberx of
lnphocyeen, and hetsrophils or the haematosrit and hosmoe
giohin valuss, Chicks were injacted intramysculexly with 2,5
or 7.5 myg TP tulcs dadly for tha first four days ofter hatching.
T 28 or 78 mg dosanas reduced bursa whioht as 192 and 43
dsys of ags, respoctivelye At 19 Gays of ages tha bursa was
alrest completely daveid of follicles, whilo at 43 days thers
ware aunercus enlarged bursal folliclooe The numser of bursal
dspendant follicles in the Spleen was seduced before 43 days
of age, The antibody yesponse £ hoth S1BC pnd bovine serunm
sibundn was lass than thag of contzols at four to five weeks,
Whon tha dmmunizaticn was daleyed until nine o elevel weeks,
the antibcdy raspcnas wes ndrrale The deley in normal antie
body zesponsa might be by ths control exsried by the bursa
ovar splenic davelorment (Glick. 1970).

Chicks from agas traated with TP on twalfth day of eabryoe
naticn produced almost antdrely igH antibodies €0 3W5C and
influsnza vigus, and no IgG rscponses to Nrucella and
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Salmonells, The Igif antibody rsspones ta SREC by spleen cells
of treatad chicks was highar than by celis fxom normal bipds,
The unusual B gell £ractions in treatsd birds were ccneidered
£0 ba thase of a distingt B cell subpepuiaticn having immune
responses restrictsd 4o tha IgH type and the development of
which was independent of tha bursa of Fabrictus (Hizots et al.,
19705 1960} .

tmpattd ot a)e (1933) chuerved that Solly intiausculas
odinistzetion of 8 y IP for four dsys frci hatching resulted
in ¢ decveass cf karaal weight,

Lyenbhoeush tog 29pacrts on i in chickon sre nEsesous,
anly very Sow such apudies have Leen condugted in ducks and
other birds. Oldcy (1963) rogopisd that whlle Lhe artibody
sacponss of doe Nnlte Pakln duck was nof influvenced by SBx
at hatening, dip.ing fertile duck oggs fnto 2 g ¢ TP an £ifgh
dzay of incubition adgnificantly vodioead the ursal alse and
these Losabted Suchs falled o tesrond Lo Sploenedls pullopygne
o olenfficant AiSforences were found £or daywald HoSy waeight
and gpleen welonts of dueklings hatched £oom eggs dipsoad in
870 mg (TPyypd O 2 ¢ (TPQ) af TP par 100 mb of sthyl aloohol.
A signiffcant body welght reduction wee recorded at four weels
of aga for ¢he TP, tieatad duekidngs, uhile ttw TPy 8na
centrol ducHlings exhibited oo body weloht difforomces. The
antibody wecpensa of tha Gevask old 'i‘P.,\ duckiings to SIBC wae
slininated, while that af the TRy, dicalings was the sane as
the control grcup. A% 6 woesks of ege, the bturus vas abeent
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in tha TPy ducklingo, vhile it wos prasant tut reduced in size
in the 0.4, group. Histological sections of dasy cld bursee
fron the TP, bixds denenstrated an abssnce of lymphocytes,
wiile lymgphocybas wers present in thw bursas of "’a’m ard
centrol dusklinga.

Cheatcal Burcectorny

The suppression of hunoral fomunity Lut nst cellensdiated
Soredey with eyolophosphanide {Oy) was Ciray dencnstrated in
tho chickan by rerman and Vetdsaz (1970). Tregtment of chicks
with 4 or & my cf Cy £or each of tha £irst three doys of life
suppressad the primary and sscondory cqsponaes to bovine
sarun albumin (BSA), cheap £ Mleod cellas (5RNC) and
Galmonells tvchimurdum, and elsc zaduced the levals of IgG
and Igd, The IgM end 260 levals in tha serus of some of the
Cyetreated hinds werg lass than 0.5 per cant of thes Ig levels
found dn untreated birds of the sowe age. Glichk (1671)
ohagrvad that the usual bascphilic lymphoid cells of the
bursa ware raoplaced by large, pale reticular celic in 2-dsy-
old ehloks treated on the previcus €wo dayo wich 6 ng of Cy
par day. o Tegsnowaticn of thy burss was obsatyed in thess
chichs, bub chlcks reseiving a siucle dnjsoiacon off Cy choved
rogoiaration of sene bursal follicles,

rchnor gt ake {(1972) have repcriad that Cy tysatment
of chicken during aarly nocnatol pscicd meleosively insctie
vated B celis as indicated by & gumuglctulinentia. Cy glven
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on days 1, 2,20 § post-hatching was found €0 Cause lympho-
gytic deplstion of the bursa, thymus ard spleen. The toxde
clity of Oy wvaricd with the bread and strain of chteken and
some birds sven regained thedy fmmmocompetence (Rouse and
Sganbera, 1974).

Cyclophosphamida has been dancnstrated to Zerove the
lymphodd alemant from ambryoaic bursag without deastEoying
the stroma (Eskols and Tolvanen, 19M4), Testosterune dese
tuoyed the capacity of the burca to serve as 3 differantis~
tion site for the Becell lintage, affecting the stromal cells
of ¢he buxes. But Cy destzoyed enly the lymphold population
undergoing differentiction, 2eaving the burosl stréma intsct.
A lang lasting and sevars hunoral fmmanoedaficlency occurced
on introcwnous adntnistration of Cy to chick anbryos on days
14=16 or 1%-18 of {incubstien (Bokola and Twdvanan, A0M). At
44 days agtey hatohing, only sudimentery follicles and
increassd intepfollicular connegtive tissue were found 4n
the area of Fabricius, Rizcte and Bieo (1978) reported that
nacaatal trestment of chicks with Cy and Yersy irradiaticn
supprassed complecely o almost completely antibady responses,
Ig production and formation of hurzal €ollicles and splenic
germinal centres,

while investigating the effect of Cy on ths thymus and
the bursa of Fabricius in chicken of one duy to saven wesks
of age, Hiraga et als (1978) found that tha reletive weights
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of both the thymus and the huras Jecreased abruptly just
aZbar the injecticn of Cy and nover seturned to the coutrol
leval until 7 waske of age, Depenesation of lymphooytes, an
inorasos of magrophages, hypsrirophy of the raticulax cells,
and o dlssppesrance of mitotic calls were chearvest in the
cortax queing early Anvolution. Restozaticn of the lymphold
follicles vas cbserved £xom 5 ta 10 days cf 299, nalnly 4n
the groapa treated with a smallex quantdcy ©f Cye In the
chichen, trested with 18 mg Oy, however, cnly s fou rezstoraw
ive follicien ware founds Differences in ssnattivicy to
Cy sction vas also cbaszved emsng the lynphosytss, Gepanding
upon thelr size and location.

Fiadler gt gle (1977) cbessrved that noonatal Cy troatw
ment at 8 dose of 8 mg/bird gesultad in incomplate Xmmunoe
supprassion, with a tendency tovards racovery fzon the savanth
ustle But a8 relatively small doge of Cp combinod vith nese
ntsl Bx produwosd complete suppression of the wrarsl immune
systen ovar s leng pericd, Cywtrestmant corbinsd with smx
eliminated the Dacell compartment in tha burss, spicen and
cascal tonsile upto 13 weaks 0f ags and no Lwcovery courzad
{Hoffman-Yazer at 3l., 1577,

rrassd {(1978) choerved that adndnistration ¢f 4 og of
Cp/fchick for thres consecutive days poste-hatching caused
deplaticn of lymehold ceils Ln bucsa, Shymus and oplemis
The burss and thymic lchas wers seduced tuwo to threc times
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it the damage %o both the bursa and thymusedspandent ftomme
mechaniems prodused by Cy was revaraible in €ive weeks time,
Sachs 8% gle (1979) xacorded that Cy decreased bursal welght
and the sgylutinin titre rasponse €5 SROC. Histological
changes ¢f bursa included decraessd plical sise, thtnaing of
the follicle-assceisted epithalium, hyperplasia of the inter-
£olliculer epichelium, Sscrease in the nurdber of medullazy
lyaplacytes and viztual absence of caortical lymphoaytes.
BGaba ¢t ghe €1982) ananined histologically the thymuz and
burse Of chicka, killed st interuvals (128 days}, after intre-
paritonsal injecticn of 3 my/100 g tely weight of Cy dally
for I=3 Qays, Follicular atvophy and cellular dapleticn
#8r& ooen 2¢ h oftar the third infection and dscrease in
el foldo and thymic lobules after 48 hy regeneration
cocurred fxom 10 days and was sltost corplete by 23 days.

Sugfaisa ek 2. (1973) auggested 4hat Cy was better
suited for 2= of duoks Than testoatezons, sinte teastasterons
produced sxeesmely high mortaiity in the prahatching period,
Tha total dosaoe of Oy xequiresd in Jdutks was smaliler than
that enployed in chicoken, which made affective chemical Bx
in ducks possible {(Hashimsto and Sugimura, 1978}, Cywtraate
ot of post-hatching ducklings remilted in destruction aof
Iymphold colle of tlhw buvsa gnd Taplacement of ¢lw £ollicle~
esscciated epithelium by a micous one (Suglmura st ales 19743
Sugirure and Hashimato, 1976). In newly hatched white Pekin
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dusklings, Cyetzaatment producsd significant redisgicn in
the welght cf tholr lymehold crgans and aliaet coxrpletsly
eliminated sha Zormptisn ¢f bursal lymonaid folliclas at
oot week of age. Zventhough the thymus and spleen of these
ducke completely xzceveres in woight at seven qelz of ane,
the bursa ramsined 2o swohn (lsshimzto and Sugioucva, 3$978),

Ons af the mwst apparent diminutions of ceilular oane~
ponants Of biced eppearad in ehe leuccoytes and thwosbooytes
aftey Cy trastment. Shese changes compistely reussveoad at
sevan weeks of age, and the sbsoluce mrlksr of LymphhwCytss
was predosdnant over that of el conkiol Suckvs

Blectrophorstic analysis of serum rovealed thab st seven
weaks, the cantrals ghowed & double-plskes patiezn ak the
bebasgicbuiin corrasponiing aite, FHowaver, the oexun £rom
srraged Suchks indicated ot cniy a bloteing cut of the beta
pRak, but alsc a decrease 4n she garma=globalin wevol
(iasidocko and Suglmura, 1973).

Study of tha effacte of Gy oa natural antibody levels in
chickan shendd that the drug supprasssd egolutdnin tisres in
newly hatched chicks for upto twelve weeks of age, Uhen
glvan at seven duys, the sypression wvas found uptc eight
weska, but tisres roas to normal by ton <ecks after Initie)
injecsion. vWhan gdven afver 21 days of egoy too diuy Al
ot suppress agglusinin citres wnless it wos adnlnistared
dsdly for ows or more wwcka (Dtuingar and iBracs, 15352).



u

Click (1838} found that alr cell applicaticn af Cy batw
veen 16«18 DB was an affective route for the abrogetion of
burssl lymohold development and suppreseion ¢f humpral Lmmse
nityes Thy ixirssa from the Cyetreated hirds wers eignificantly
zaducsd in siwe, deficient in buresl follicles, and lacked
Iymphocytas. The agglutfiain leval of SREC of birde treated
with 2 mg Oy as 16, 17 and 16 day embryos was si¢gnificantly
Jowar than controls, While thegs Cywtraated bisds lacied
2gC antibody to SRBC, sbout 50% of the Cy birds produced
unepecific IgG. Ouchtarlony analysis svinced tha presence
of Igit 4n 60 of the IgC negative birds, Oy Ald not change
the aboolute munber of Lymphooyeen, granulocytes op erythrotd
sories o2 colle in ths bone marrow, but Aid eliminats plasma
celle.s Gince come of the Cy=itrented birds did not produce
specific agglutindn but mods Xg, it was concluded thab the
presance of the bursa was not cbligstoxy for Xg syathesie,
bhut that the ursal microsnvironment might be & prerequisits
foxr aynthasis of specific antibody.

Jeo of antihugsal sergn in bagssctony

Burssstomy and thynebomy have heen supplesented by the
use of antihursalsarun (AB9) or antiethymus serum (AT3).

Tho advanteges Gf thaoe antisers are selective killing of
¢ell types rogardless of thair orgen loonlimaticn, sase of

treatment, and Seasibilicy of in gvs selestive destruction
of call typee (Rremer, 1978)s wick gf 2l (1973) also
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sxphasized the sdvantege of avian antilymphocyte semm
ehuites in chicken. They assayed the sersiogical Hropere
ties of turkay antiserun to chicken bursa and thyrus calle.
Ia corplecsnt-dspendant cytotoxicity tests, ABS and ATS wese
found to react spscifically with buras and thymus cells res-
pectively. In tha spiesn of two and chree week-old chicken,
20«30% of lymphoid cells wers killed Xy ABS snd {0=50% by
AT3, Fesco g ale (1970) cbsexved thet ADS and ATU, prée
pared in gabibits, ghoved simiiar activity against suspens
sions of hoth organs o yisco. Both had & sicmdlar doouno.
suppresaive effect in chicks previcusly {mmmized agsinet
Newcastle dissass, as darenstrated by hasmagglutination tests
before and after thw injecztlon of antiserun. They suggested
thet the ancilynphocytic serum acted as a compatitive antigen,
Datly injection of antithymus globuldin (ATG) or antiburss
gichulin (ADG) into the chorjcallantoic spoce of chick
cnbrycs £rom she saventh to saventsenth days of incubation
revecled that ATC affeckad the gytolegy of hoth spleen and
bures, while ARG affeuted only the bures (Jankovic g% Rle»
1970} Both ATG and ARG Gopreased satibody producticn in
four wveskeold chicke gapeotedly incculated inereperitoneally
with ATG/ABC end aimritanecusly inoculated with hovine games
giohulin, In the splesh, ATG dopleted lymphocytes whils ABG
depletod plasma colles. Both preparaticns and normel abbde
glokulin producsd a £2il in the lymphooybe and gramulocyee
cowsty of periphoral hlocd.
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rrased (1978) made & study of thy changes in the lymphold
ozgans cf chicken tsreated wish rakbit antichick shymocyte
serus (ALS) and thelr correlation with the cellular fmmune
function. Tha cesulks indicated ethat she irtnosuppressive
effsct of ALS was indapendent of lynphocyte depletion in
iymphotd organgde
Sawsda and Bito (1990) tea/nsferred chicken B cells

treatsd with diluted antiburaa call genwy in the presswce of
complerant together with noxmal T 02118 and S, ints imwae
nodegictent, chic'an. Splagn oslis taken from theza were
axanined for plagueeforaing collss They fiound that the noce
Guption of I plequas-torming ¢ells was considarsbly more
reaiokant to the cybatoxic sffant of the antissrun than that

£ 1gT plague=forming cells. Such differential susceptilie-
ity of doumicrowent of Igi and IoC plague-forming cells was
obsenrved cnly in chicken aged about €48 wagks o yoUNgaC.
Similar Desuite vere also cbtained by Nakatond et al. (1986}
who treated splecn cells £roo neanatally hursectomised
chicken with verious diljuticns of antibursa cell ssnu in
thz pressncs of complamant and gerzied out tests co thelir
Srminocompekence,

Boba g aie {1983) prepared sntisers &5 burosl extrasts
or percusstas and dmigsticatad the Antlusnce of such gers on
sntibody produstion in chickan by the injection of antiseze
dueing the amlEyvonic stags. -Anticera to Cyetrested nursal
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axtracts or hursal perfusates vers injacted on ths 1Sth dsy
of aobeysgenasis. The level of antibodies produped by
chickan troated by chase antisera was found to be egual to
the contrels bus g0 antidbodies were totally shaent. AL the
same time, hormanally Dugsectomiped chicken that were admie
niatersd lymphocyte relastsd subebance frap hurss extract fram
Cy=trestead chicken, restored ehe I¢C antibody produstion.
Thin indicated that bursa lyrphcoyte relnked mbstances ware
not rasponnible for the suitch cver to XgG, These results
ahowad that the burss spacific satibody containad in the
administersd antisacum ceussd Jdamage 20 scoe hurss tissuas
athar than burss lyophocytsas, rasulting in the disturbance
of secreticn of hireal humorel factor which Anduced conver-
sion of Igd producing celis to Ig0 producing callis,

T thaories have beesn pub forwand concerning the xolis
of the hurss in the developrant of immmologicsl compebent® -
(1) The wrsa 1s a ssurce of inmunclegically-compatert coalls
which are sseded cut to othar tissues, {11} the bursa secretes
8 hozmons nsceasary for the develcpoen: of immmooommeteance
by the immamoglcbulin synthesizing systan of cells of none
buraal ogicin (Payne, 1071).

viork catried out Xy various csfcentlats Lllustratad the
Arportance of tha buraa a8 o microenyizonmnt in vhilch Aiffew
rantdation and matursticon of immmoscorpotent ocllo take
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elerment fron embryonated bucsa® without destroying the stooma
(Eskcla and Tolvanen, 1974)e Using cellstransfer tschniques
into Cyetreated birds, Tofvanen gk al. (19723) concluded that
conly bursal cells vers capabla of porphological snd functicnal
racoastituticn of the burssedapandsnt lyaptedd systems They
dividad the bursal colls into 2 basic types - (1) bursal stem
wells « which were cspable of restoring normal hursal marphow
Jogy and raguired thas burspl micrcenvironment for maturation.
They were slso capshle of gastoping gerninal cantres in the
spleen, and were found in the bhuras ducing the fizat few
veaks after hatching, (11) post-burssl cslle, which aould
noh restore bursal structure and were indapendent of the
mrsa for fucther matuvations They wera divisible inte early
and lste types by the ablliity of the former to muitiply in
treated bursee and to readily form garminel cantras, The
late post-bursal csll has no clear effecht on germinal cantres
and 4s tho principeil oell in ths Lurea and bene mavrow after
the 10th wenk of life. Toivaman ay gl. {1972h) Zound that
the davelopment of lmmunocolpetant celle followed the deve-
lopmant 0f the Mursal stem coll populaticne. The posteemnbry-
onic stem cell responsibie for huporal immunity emigrated
from the buras to ths bone marrow at the time af barsel
dnwolution. Subzaquently a csll with the save reconstitueing
capacities appocred in the splean and to gcme extent also
the thymus {(Foivanan €4 gles 19720).
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The burss escded out imvwnoccopstent cells durdng S
entire postesmdryonic davelopment, kut 444 not celease the
lyrpheld sterm oell population before this populaticn has
matuzed sutficiently and hefore the buzas itsal? started to
Anvoluee (Tolvanen & ale. 1973k} Cotper gf ade (1374)
rerortad that lympiwoytes $a the amtzyonic Burss appearsd
in sequance of YoM, Io@ snd IgA oollse An intzahburgal swikch
seshanisn was thought ta differentiate lymphocytes in such a
cyele, Onge out af the bures the lymphooysas vere comitted
and indspandent of the huvss.

Gidzk (196D) and Cospor b Bi. (1966) favoured the role
6f g buraal horsong 4n the Ssvalozmint of Ammmccorpatene,
Glimouy ak zi. (1977} 2solated and purifitad the bursal homs
mene (Bursopaletin) uhich had higher spscificity for 0 csll
inducticon than the ¢ariier orude oxtIactss Audhyan gf ale
{3938) peported that Wizain, o 84leckiva Decall Aifferentise
wing hormone of she bures, isdlated from the buves Fabrlclld
of fowls induced the phaustypic differcntiation of casmalisn
ard avian 0 precursct ~ells but not of T procurscr gslle 4in
witre.

Hashiooto and Sugimuce (1025} siudied the distributdon
anil merpnolegy of antibody=profucing cells in Vhite Pekin
ducke by Aight and alectran micpessopic fmmunccoytology. The
typicadl antibody producing calls werz thae plesma cellia and
dacge lynphold colls it cplenic red pulp or germinel centzes.
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In the germinal cantra reglon, tws types of positive celle
were ddentifimd, the predominant positive celle in quantity
wore dedeicic collo, and tha othar vas typical antibody
poducing ceilse The rasults sugoested that come o8 tha
antibody producing colls of ducks criginasted in the germinal
cantras Guzing the cousse Of rasponse, and garminal oentres
of duck spleens and Lymphaodes funationed oo an indispengable
dyaphztic slerant in their sntibodyeproducing systen. Alopine
and Chung (1986) susgested that since duchks are phylogengiie
cally close o &he snphibians and reptiles, their lymphocyte
popalatien cay not axpress sucface maskels aimilor to those
of chickan and manmalde

Tomuneglabuiin svnthests Ly turag gelle

During maturatian of tha egg, matornal antibodies are
searsted Anto the yolk sae fron the sacnetosy follinles in
the epithalial lindng of the ovidust. The predominant Xg
of yoik 48 I¢gG, Ioik antibcdies were tzansmitted 4in incrsase
ing amcunts from 11 daya of incubstion to hatehing (laslie,
1978)« At 15 Asys of emiryonation, no IQM or IQN was detepe
toble in tha serun Of emboyos and cha IgG level is cnly
2«45 of that ssen at hatch (lLesiie and Martin, 1573). Thus
mont cf the IR0 was abwxorded dnko the erbryonic circulaticns
during tho #ingl 5«6 dago of embuysnstion, Ig 48 usually
wdatectalle in chick serwa wntil 34 doys afeer hatch. ULith
An yitro cultuse technicuos, 16+18 dop embeycnic Lurcas have
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heen shown o synthosize Ic (Laalle, 1975). Using 8 fluow
gagcant antihody assay, Kincads and Cosper (1971} Jemonstra-
ted IgM in the Mursal iymohald cells of 14-day old sobryos.
Tha antogeny of senun g5 was complicatsd by the presence of
volk derived IgS, Bub chicks raised fron han with sevesw
150 hypogarmagicbulinamia have ahown serin 100 within 3«8 days
pfter hatche IgA was undetectable in che serun wntll abouk
12 doys after hatchings Seppsrd e ale (1983) have praovided
svidence for the extistance af a molecnle in chicken homole-
gous te tha secretory component of nmamalian Igh. The poe=
ssnce of XgA hes not so £ar bean detected An ducks.

The dapesdency an the bursa for the swltch from IgM to
Ta0 wog eotablished Ly a saries of experimants. In ovoe
warssotomiss perforned eacly (17 DB) or late (1521 DE)
Sapaired 295 synthasis (Van Alten ef pl.s 19483 Coopar gk al.s
1269y Mchicke and Ven Altan, 1971, 1972e.b).

Bussa=infependens Trvna eygtees

Froduction of antibeldy In homenpliy buvsectordasd
(TP and TP} birde 4n whicn enbzyondc buzsal davalonment
uss abolishnd (Gliel and Cadier, 1983z Cl3SMn 2% 3l.» 19663
Ghick, 1968) led to zhe femamlatdan of tha thesty that ‘other
sitos $n chilchon wexo capsble of conditicning or eupplying
Jrmsoccmpetsnt calle (Giick, 12833 lerner af al., 1971).
In ove Bx gt 72 hours eliminated the bures and one-third of
lovge intestire in the nstohed chick, These bivds produced
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agglutining to SRIC, M3 8ixX cut of sicht birds made Ig
{pogsdbly TgM) (Fltosimrans &b ale, 1973)s Surgical remcval
of the czudal poztton of the tefl bud bafors 64 hours of
subryonic development did not eliminate lycphopotesis of
colla poszessing burssl merbrann detesminants {(Janiovie

S Rkes 1978)s Thoee Dursal cells vere svidant in splesn,
hone marrow, and thymus of 21 dayecld burasless sobcycd.

This 164 Jankovie gt gl. €1075) Lo postulate that £he chickan
tad two antfbody produning systems, cns burssedencndent and
tha othay bureswinde.andant.

laraez gf gie (1972) suggostad that the buzpsa functioned
o8 @ eicrcenvircmuent for Anducing the transition from IgH
roodustion €0 Y0 ov Igh production, and that snother lymphodd
ticsue, such o tha bona warsow vas avatlebie in ursoless

chilcks

Corparative studies of Begell davelopmont in the bursa
an] bone narrow of the chickan aftar hatching provided
auppcet fox tha view that bons marrov played ean important
xoie in the gensraticn of the Decell repartoire (Kincade
gt 8ler 1073} Notdcks (1075) slec postulated Lhat the
EonG marrow esuld be 4 noneburssl gite £or Secell differan~
tiaticn. Glick and Russe (1981) sugpested ghet svian bone
warecy micht pogseas a proganfter pool £or virgin B cells
that was diotinet from O colld progonitosa in tho bursa and
was independent of that orgon. Bafus gf ai. (19920 on the
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other hand postulsted that the widespread mucosal natwork
comprising of ¢he twonchia) lymphoid aggregates, tardscian
gland and cut asscodated lymphoid tissus moy in addition to
asing a9 sscondavy jymphodd ciosue, zeprossnt the Muxesl
indspendent sites of B cell aigferantistion dn chicken.

Tha nonedurssl), envircnment may function only 4in the
sheence of tha bursal snvizonment. Hence the sarly removal
Gf tha buras by By leads to sctivation of potentlal sites
for Becell differsntistions

Avian Imneclobulins

Among tha avian immunogloluiine, fowl Lomumoginiwline
have haen studied in grast detail. Information on immunoe
glabuiin of other evian zpacies are linmdted,

Chicken hove besn known €0 produca at leart three major
clansas of Lmminoglobuling « IoG, IgM and Igh (Higpins, 197%).
Goal (1924) cbsexved an Ig=like component in chickan sanen,
the bata compenant, with a molecular weight of 190,000,

The stxucturs and propertiss of fow) Ig! rasemble, in
genaral, thoce of Ig of cther spaciss, Thy aversge molscus
lar veight is 893,000 and strusturally Igf! ocours a9 A peatas
mer, Schranner and Losch (1956) have fdentified in chicken
serum, the monooeric state of Ig (molecular weight 184,000
along wich the pentamaric state (moleculear waight 920,000).
The meon cacun levels of Igt in sdult fovia of unspecified
228 and 89x% have been atated to be 0,71 4 0,18 o/ml) with a
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zange of 0.8 €0 0.93 nynl (Lasdie ong Clem, 1973), aad os
1.2% my/h) {Zesclie and Martin, 1973), Sowl Igh can be
satuced wigh matesphosthumcl, dysteding or dithioscythritol,
uith mild reduskion tiw Igd polymer ds Zeduced to 4t monoe
merdc fosn and antihody activitise seguiring mibiple valency
aze supprensed (Senedict at 3hes 1952B,¢3 Rescnyuict and
Camphall, 19663 Laelie and Bensdick, 19683 Iuniyasu, 1969),

The Igl of chicken Alsfers phyzicochessically from
raomalian Xg0 4o that 4t has & larger molecular wedeht, moow
coarbohydrate and dioplayed an unusual heavy-liight chain
interactions This solgoule, as in the mammal, is the mefor
garun Ig end has baen called IgY Ly some workers (laslie
and Clam, 1569)s 20 48 easily réduced and Ste antibody
petivitins, inclulting pracipitation cen kg dinintished or
eliminated by mild reduction with Zemerceptoethancl or
dithiceryehritol (Benedlet et 2ie» 196385 Szendberg gt ales
196%), Serum lsvels of IS i adult birds have basn found
€0 1a 5429 3 135 ng/ml, with a rengs of $.3«7.3 ny/ml
{isolie and Clem, 1970)s At 6y 7y 8 and 10 o 12 wacks,
iavels of 30, 3.8, 13,6 and 12.% /sl wore vecooded
(larner gt ales 1969}, and st 44 dayas g0 leveln wsce
27 o/t with 3 xange of 0.3=4,2 m/ol (Cooper gb 3bes
1569)s Three possibla sukclasses of £owl IgC, Gye ¢; ax
Gge have Desn identified (wWatannbe and Topyara, 1973).

LabpegeVorheyden gk ale (1972} fivsg denonstrated an
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g in chicken vhich was not XM or Ig0 and which predominated
in macreticns, and pruvisicnally called it 'Igats Uhile not
all the propereles of chis fowl sacretory Ig were tho came
an those of muamalian g, thexs are simllaricies fn the
physical and chemicoal stzuckurs and function (Riggins, 1973).
Sehrannar and Losch (1088) cbsarved that serun Igh existed
in dimesic (340,000 A} and in monomeric (170,000 A) atates.
In the serun o2 adult fowls the lavel of IgA 18 (O.6% ng/ml
(teslie and Mostin, 1973} Wotanabe gt al. (1973) identi-
£183 a nomelogue of & Srae geczstory componant in chichen
intestinal sscretion.

The three olaszas of lrmuncglouling -« I5G, XM and Igh,
have been gsalated from tuchey and pigeon, Saif and Dohme
(1974 Lsclated Ig0 end IgM from turhey sarups Tuckey Xgh
was isolated from bile, intestinal searetion and sezum (Lim
and Mahaswaran, 1977), amd alsg from salive, locrimal sectes
ticns and trachesl washings (Dohms st ale, 1078}, Goudswasrd
st 3l (1977) isclatad IgC and Igit from pigecn sarum and IgA
foom biles Pigmcn Zgh was sles dsplated dxom orop milk axd
Zge from egg yolk {Condeweard st ol., 19790,

crey (19675,b) found threz Ammunsgiobulinae in Jducks,
IgM and Lue iow malesular fvmunsgloluliins with sedimentaticn
Comafifiofents of 7.6 8 and 5.7 5. Ths Igd had antigenic and
structursl proprecies sindlesr €3 thot of manmaldan Igd
{iindge and ambrosius, 1084). Puoele and Higgilns (1988) found
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that duck serum Igd hed a molecular walcht of 800,000 daltons
and "H' chain of 86,000 daltons. ich arcasereactivicy has
baen cbeerved betwaen chicken Ig0 and duck 7.8 3 Ig (Zizmerman
ab 2les 19713 Hadgs and Aubrosius, 1984).

Studles by sdmmerman at ghe (1971) ravesled shat duck
gammaslieavy chaing wage held sagsthar by s higher nucher of
disulphids bonds than were ths mevallan gamoaeld chadns,
cheraby making the Auok gammaeli chain swtescely xigid and
inezficient 40 reacticne such &8 precipitation end eggluti-
anstion. Toth gnd Nercross (19910} obisrved that duak Lmrunce
gichuiins appsarzed to ba inherently daficient in imrmnclogicel
teactions iike orecipitaticon and agplucinstion which Zequired
functiongl bivalencys

Gray (1567a) found that in nommal Muscovy Sucks, the
7.8 8 Ig wen the major Ig, represanting 70 S0 90X of the low
moleculaxr walght Yy, In nozmal Pekin and Mallard ducks,
howaver, the 5.7 8 and 7.8 S proteins wars prasent in goughly
eguol quantities, Pollowing hypsrimmnizaticn, all ducks
shousd 8 xelative increass in the S.7 3 2q.

The charsctoristics cr extstanca of duck IgN aze seild
abeaura, Dventhough Otey (1083) desicgnated & duck serun
prctein ag Igh on the bosie of its clectrophoretic charace
toristics, At wan identificd av & minor duck Ig° (Toth and
Nozerons, 1981a). Parry and Algken {197%) alsza folled to
dstect, any crosserescting homolopous protein in cera o
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eecraticne (Saliva and Itle) cf ducks on doing lrmuncdiffue
sion tests using rebbit end phaasant antisera monospsolfic
for fowi Igh. At the samw tineg, hamlogous ankigens were
detected in gulinea fowl, quail,; suckey and pigeon,

Smmroglobyline An bile and egq yolX

Wstanshe and Robayashi {1974) purifisd IGA from chickn
bile and found that it zesenbled tha ssrun type of high pely=
marda IgA, laecking & secratery cooponant and having a moloe
cular waight of 800,000 to 200,000. The sxistence of a fWC~
ticnal hemologue of marmalian gecretory companent £n chighen
ble Xgh wze established by seppaca af g2. (1903, 1936).
Sanders and Caae (1577) xeparted that IgA was thw anly Ig
present in fowl biles Dub Hookatt (1086) dencnstrated IgH
in chicken biie, fox the fipst tire, using an immnoadscrbent
praparsd from moncalonal antidody for IgM,

Peoelda and Rigging (1286) found 2g of s single class
in 4ok bile, with p relscular veight of 093,000 and *HY
chain maloouler welght of 75,000, Adntigenic comparison
ghowed that bile Ig resechled I, Iuh carried sdditisnal
determinants, They suggasted that duck bilisry Ig was an
Ig=12%e molecule secreted Andazendantly of serum Ig.
stuiias by tadoe and Aumbrosius (19880) on the antigenic
propecstizs of ths bilfary dmmunogichuline of gailiform
{chicken and tuchey) and anseriform (Sucks and geess) bixda
revealod that chy biliary fesonoglobuling of snacrifosm birds
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were IgVe-iike while thaso of geliiform bhirds had different
antigenic propextion 4n respoct to their Fo reglon deter-
minantae, In a comparative study on ths structure of billaxy
immunoglohulins £rom chicken, tuckey, duck and goose, Hadoe
and Awbroains (1533s) observed that tha hile Exom these birds
cantained fmounoglobulins in relatively high amounts of 4,5
to 15 mg/ml.

Data ¢n the fmounogichuline of egy yelk are svailable
mainly for fowl (Dettezson &f ale,s 19525 wilkinson and French,
19693 Keamex and Cho, 19703 Wathiabe and Isayana, 1973
Yanmoto ot gle, 1975), turkey (Soif and Dohme, 19743
condevassd gt dles 1977) and plgson (Coudsuserd st al., 1979),.
Most of thass ressarch workara are of the opinian that egy
yolk cantains enly IgS. But Yamaomoto at al. (1975) cbesrvead
IgM and IgA aleo, besides 1gG, 4in concentrated preparaticns
of spg yolk of chicken, The quantification of XgG in agy
yolk has besn attemphaed only in the domatic fowl and 4n the
turksy, Tha smounts of 296G An yolk was rsporked to ba
2035 ng/ml 4n hen®s agy end 2«6 mg/ml 4n turksy's egg
{Rase and Orlans, 1981).

Separation and pyrigication of seryn globyiine

various tachinizms have beocn avolved to separats and
purify serun immunoglodulins, basad on their differences 4n
phyaico=chenical properties. Prior to the succassful sapa-
ration of any spacific Ig, a preliminary fractionastion
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procedurs 12 usually swoloyad €0 present 4% An high yield
and eonoenyrasion,

P 4 jon wl 8

Practionation with nasral salts Like scdlum oulphste
ar soonium salphnta hove given ¢good ylolds oF Ig. Demsdict
{1967 obssuvad thet domemogichulins of chicken can be pres
cipitatad Srom sarun &t roon toaperature; Ly the addicion of
5%, 14% and 14% of arystalline sodian sulphate in sheas
sucoeanive staps, Laker various workers {Higoine, 1976
Goel ot alee 19803 Nandspalan gt 3l.s 1503) have precipitated
chichen globulins and Satf sad Dehms (1978) precipitoted
turkaey globuiins, usisg ehide tachoique. Clobuline of ducks
wara Sractionseed using sodium sulphate ab two successive
concanuzations of 504 and 332 zespectively (Toth and Horcroas,
1981a).

Wedy {1067) procipitated goma globuline of mary
moormaldan sexa by adding satursted sroonium splphats shdudion
€0 the serwn £0 a final concenteation of 33 pex cont. Horbext
{1974) used threg peenipitations in 35 par cent saturated
anoemium sulphate for Szactlonation of chicksn senn gloe
buline. Fod gh ake (1986) precipitated duck sexum globuling
using 40 por gent saturpted ammanium sulphats.
Shroratoqraphy of serun dromecjobuling

aftar preliminagy frsctionstion procsdure, tha globulins
obtained may be purdifisd by chroratogfaphic techniquas. Three
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types of such tachnicues have been ueed to purdfy svian
Irvunoglckuling « gol £ilerstion using ssphadex G200, icn=
oA cleoatagraryy wiing DEAER cellulosa and gffinity
chromatograpty using Irouncadsexrbantse

dih o ary

In gel filtration chrematography, gels of cross-linked
dextran, agav, agacose o2 polyackylsnids beads axe used for
the separaticn of sucstances cf Alfferent rolecular Admen~
siong. The principle of gol filtraticon is that 1¢ utilisas
tha molezuiar aleve properties of gule.

Gel filtration using sephadex G«300 has besn ampioyed
i the purdfication of chicken irmunoglobuiing. FPraceicnss-
tion af chicken serum pxoteins Ly this method resultad in
the slution of proteins in ¢wo main peals, the first major
peak being largely ccmposed of IgM and alpha+«2 macroglodulin
and the ascond najor peak compossd of IgG (Higyinc, 19763
Gool af alkes 1900 Nandspalso g% glee 1983), Higgins (1976)
used Oud 1 £RiseTl Lusfey, pli 8.0, contedning 1 ¥ HaCl and
1 m M sthyicne dlonine tetrescetate (ZOTA} Zor ge) filtration
through sephedax G»200, whille horate buffarsd aaline, pH 8.2,
wut usad as eephaxdex huffer by Goal at gl. (1590)s Tushey
Pt and 290 vere olos fractionated uoing sephadex G-200
{Suif end Dohms, 19763 LAm and Mahaswaran, 1977).

Crey (19678) furthar sepadatsd the duck gamma globulin
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fractions chtained by preparative starch hlock elesctropho-
Tanis, using sephadex Ge200 gel filtraticn in a 2.5 x 100 em
column with a buffesr ocrposed of 1 M NaCl and O.l1 4 tris,

pH 8, Then three eluticn peaks waze choezved, the 2irst
acrraspending ¢o the gamma M fraction along with varying
andunts of lipid and sggregatad matexrial, Twe incompletely
Taaolved panke followed the first paal, representing the

7.8 8 and 5.7 S glolin fracticns raspectivelys Crey (1967a)
3l2o obzerved that tha relative heights of the secaxd and
thizd pegks yarded with tha gpegies af duck snl siata of
rrunizaticon, itesmal Muscovy ducks always had @ predominant
socend peak ond o zather minow €hizd pesk, wheress normel
Peltin and Hallerd ducks had sazend and third pesaks of roughly
egual hafght. Upan hyperimmmisation, all ducis dencmstrated
& Dajor thivd pask ond g miose sacond peakte Wian individual
PYERS WaXd paoled, consgntrated and rorun on the sane oolwm,
purified lmocglomiing wveze ocdtolined. Tuih and Norosass
{2581la) Cromtianaked pooled gomem sanples drem ducks cn &

28 ¢ 00 & Sophiadlon =200 oslunn wilh C.08 1ris buffer

(¥ 8) contetining G.001 H CLTA &0 oktadn Igh and £gG. Pel
gt 3l. (2923) chromptogrophed smenilun sulpaate precipitated
duok globuling thraagh Sophacnyl S-300 cslumn o shtain 7 S
and 8 8 glolilins,

p ¢ SRCAINTH ol

Ion exchands ehisomatography has cesn proved affective
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for fraciionatien of antitodivs and gusificciicn of Lrmaawe
glcbulings In shis tecimigue. an irsoluble adsazbhont is
commenly pockod into a colwm, and Buffeyr gonliticos are
afijusted go shot doorbent and soluble protadxa hovue opsite
chozgas, Pzoteins hoacew £1n2d Lo the sduorbant thrsugh
electrogssntic bends and thoy msy bs oluted seguentially by
radning ther lenle cure~ghth or/and hy chanpglag the pll of tha
ssfor useds Tho most widely used adsorbemt do Siothylemind.
ethipl (DEAR? cellulcon, zn zricn sxchionger (Pahay, 19675

Vericus vorlera have emplovad DRADes0llUdcss oolamie
for furkine purliicatica of chicken Ig” Sraciicns clbained
sfter gel £Altratici. Riggino (1078) used NOAY gentindes AeSO
ol amd Llinssr gradionts of NaCl in CL015 i tris<ITl uffer,
pll 8.0.contelnirg 1 M ures gnd o M EDTA, whilo DRAL
aophadiz G50 oslunn o0 linesr grallonts of phogghate buffer
were enployed by Gueld gf al. (39805 ond Chhalbea apd Coel
£1939). Hundasalan gi oje (1933) used DEAE.S2 for fusther
purificatian of Sapnauion =200 fraciicnated IgT. Satlf and
pevia {1976) erplayed NIAS calluloss 52 £ar final purdficas
tion of tursoy I6G ond Igd.

&Lty chromgbcoranhy

In affinity chromatography, fmmunogdsorbents, oonsisting
of an insoluble matrix to which adieher antdgen or angibody
has bacn 4rveversibly banded without lose of spasific comnew
wining capscily, are uned for the isclation and pusificetion
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of antibodies end antigens (Cgupbell and Yslily, 1967). ©f
tha vardous matpices used for preparing immunosdsorbents,
agarcse is ths one most coamonly used (Carvay 2f ales 1970,

Jomosdisorbants mads £rom the £irst peak frackion
obbained afeer el filtration were used in the purification
of chicken IgM and day=0id shicken sermum of the seoond peak
fracztcion $n the purificaticon of IgS, Thass ware cithey CIosse
1nked with gluteraldehyde (Higgine, 1970p Goal gt $hes 2580),
or iinked £0 cyansgen bronidee-sstivated sgphacoss 4D (Gosl
£k ple, 1530g Nandapslan ot k., 1983),

Tath and Nozcrzona (198im} preparsd dusk I dmmunoadsore
hank using pocled first thoes deecticns of the sscending pere
of the fizet protein peak chbained Ly gol £4ltration. Pocled
Sractions of the second major peak wers used for duok IgU
ircunoadacebant.. A duck 290 immneedssrbant was alsc preparsd
from onmelday-0ld duckling caerume Thess immmoadssrhants wars
tranted with sppropriate wolumes of antixduck Xgt ond sntfeduck
Ig0 sera, to chtain puridied duok Tod end IgG. iadge and
Ambivosius (1984) Asvolabed duok 7.8 2 and 2.7 I antibodies to
hovine gsxun slburdn (BSA) £rzon imowne ssfa by an Amnunoe
gdsarbant bechnigue using BSA ctoss-Llinked by glutsraldehyde
and glysina-Holeo.1% ¥ NeCl buffer, pP 2.8, for tha elution
of spacific entibodies fzom the sdsorbant. FPinslly, ssversl
gl CLllaration oteps on ssphaden Ca200 wero carried out for
gha separetion Of the 7.8 & £rom the S.7 5 fractions, Ped
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2% 3l (1968) used sepharose Qim-40 conjugoted swine 160 o
abesrd antieswing IgG antibodies produced in ducks, The duck
ankieswing oG arpibody ebosorbed in the affinity colum wos
dgmoshod by Gl ¥ glynine buffer, pH 2.5 o0 chaclking the
purity of ¢his antibsdy by immuoslectrophoresis wsing rabbig
anti=dusk vhole sazun anbtisarum, only ons precipitation lime
va9 ebsorysd, Andicating that ths Ig isclated was purs duck
g%,

Dlectrophoresin is defiined aa dha moyanent of charged
particlan in soluticn undar the inflvance Of an slactricsl
2eld,

Plve precipitin hands ware cherrvdd in paper @lectrow
phoreais anf 14 o rore bands wese gesn &n starch or actylamide
gel electrophoreals of chichen seme {(Ogden g ple. 1962
Laadn, 19635 Glick, 1967}, phessent sarun (Baker ai al., 1066)
and in duck surus (Xemioskd and Cajos, 1964}, Disc elecisoe
phiczesie of chicken asiun revesied 17 serwn protein bands and
twa prealbunins (ClMck, 1968). Steatdl (1967) aloc found moare
than 37 antigefia in chickesn serun when imnmuncelsctrophoratic
gtudies ware dene wadng homologous antisgre.  “MicroPe2e
ddnensicnal dcmuncolestrophnracis of chicken sarun with homd-
logous antisern produged 34 pracipitin aves {Sorvella 8% als.
1977 . Bingh (1978} 1dsntified a total of 3040 protoeins as
separats pracipitacicn ores by oressed inmunoelectropharesis
G8 £l sarume
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The electrophoretic mobility of fowl IgM was found to
be in beta 2 or gamma-l1 position and it classically produced
a ‘qull-shaped' arc in immunoslectrophoresis (Asofsky et al.,
1962; Patterson et al., 1965; Tureen gt al., 1966), Sailf
and Dohms (1976} reported that turkey serum IgM also migrated
in the same position as that of chicken, giving the typieal
*gull’ shaped are in immunoslectrophoresis. They also found
that furkey IgC in whole serum migrated on immunoelectrophoe
resis in the gamma through beta position, while purified IgG
preparation migrated only in the gamma position.

Unanue and Dixon (196S5) reported that analytical ultra-
centrifuge studies of duck Ig preparations obtained by prepa=
rative electrophoresis yielded three peaks with sedimenta-
tion coefficient values of 5.89, 7.43 and 16.93, The first
two peak proteins migrated in the gamma~2 zone of immuncelectro-
phoretic test, while the third peak protein migrated in the
gamma-1 zone, Grey (1967a)stated that immuncelectrophoresis
of starch block isolatsd gammaeglobulin f£rom duck serum showed
three antigeniclally distinct proteins in the gamma globulin
region. One extended directly f£rem the well, similar to
mammalian gamma=-M globulin, while the other two were located
in the region where mammallan gamma=G globulins were Youally
found on immunocelectrophorssis. Immunoelectrophoretic studies
by Grey (1967b} ravealed that duck 5.7 8 protein formed a
precipitin band very close to the antiserum tjrough, while
the more antigenically complete and more slowly diffusing
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7.8 8 protein formed & band behind f&, Toth and Norqross
{1981s) okaerved thas dush IgM was an eslectrophoratically
hetersgancun protedn with cxponents mdgwating slozr than
Ig of cother spooiess Tho cathodal tip of duck Igi lines
exsanded intc the ganmp-2 Migration scoe. In Amamcelectroe
phoresis using Auck whole sarum and 1%s gntiserum they olsa
detacted that besides tha I8 and majer 150 avce, thore
ceeursed another are gisc in the form of & thin ling imoae
Aletely within the cuzve of the major Ig% ldne and mexging
with it towards the cathedal ends This was presuncd to he a
odnor IgG arce Thels atudise gles revealsd thot 4in chs«daye
old duck serun, a prondnaent duok g8 aze was devaloped by
both anti=Guek serum ard santieduck IgG. Cub no YE! line uvas
sean, Ia 14 day old duck serum, a shorksy line instead of
the typicel elcngated duck IgD 250 appesrad in the gamuge2
mdgracion gone close o the trough, This line was zecognized
a8 duck Iu0 by anti«duck IgT. On the wall side of this aro,
& wilesepareted weak iine not merging with the IgG are was
recognized as duck IgM, by antteIgt. Simtlar, bub considerably
weakex lineo were aloo choarvaed, £or the seveneday old duck
ssxume In a stuldy on the electrophoretic mobiltity of billacy
immancgloruiins of galiiforms (chicken and turkey) and anseri-
forms (Quck and goces), fadgs and Anbrosiua (158Ce) demons
stratad that chickan and turkey immunsgloduling wers hetawl/
alyha=2 globuling while that from duck and cooss ware betas2
globulins,
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Tymzcolectrophorctic etudies usting core o0f BIrsRGEoe
rised chicken revealed that upto &we wogle ¢f ogo, the
surgicelly burecctonlzed aid gostonserane propiconaho toeatsd
birdo exacibited & la¢ Xg lovel (Bramell gt 3l.. 106%).
Ciafiin gf als (2986) aloo choexved decxcaces lovels of IGE
and Tt dn buzecedefictont chicken cesum, by nictolrinse
slectsapeoransic, Hizobw and Biso (1975) found that the
aaruvn £ ldetanie0ld To treated colcken devolepsd o lcauger
Io-precipiitin agd thon J4A the nornal otnem,. Blecirophoree
sin of sorun £ram savonewssk old Cy trested Suchc ohoved a
bloting cub Of Lho tas2 peak end & decrsane in Jamna
olobulin taval, while tha control sesum showed o doublow
poaked pettarn st the hetewgiobulin corraapoafiing afta
{iachimoto and Suglmars, 1976).

Quansfeaticon of eeryn proteine

Quanticative mothods for the datermination of Andivie
dual sorum proteins sxe fuporeant tools in imwnclogical
atuilas, Evanthough the quantlitation of chicken serum pXoe
tein frastions had bsan dealt with in detell by many wore
Kare, thome are only very few such zaports on the serunm
protein Ezactions of ducks, A vardety cf methods have been
employed for the quantitation of avien sefun proteins,
which include salting cut with sodium sulphate, electros
pPorsais, polyaccylanida gel elsctraphorasis and radial
immnodifiusion. OF these, the single radial {onodiffuston
method dsvelopel by Mancind ef gl. (1963) had proved
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£
valuable far quane!,\cahim of individual fzrunogloluling,

Srendt ef al. (1951) found by sodiwa sulphate £ractiona-
tion method that the serum of four o seven week old chicks
contairad 3438 & 0.25 /100 ml of protein, of which the gems
globulin valus was only 0.40 ¢/100 ml, The totsl protedn,
alphs and guwrma glekulins were faund to increase with age,
while littis Alfference was noted in albomin or bets globulin
Soacticnn. Electropharasis of normal turkey serun ravealed
8 tctal protein contont of 3408 €0 491 /100 mie The P
centeges of the varicus corun fracticns ware as £ollawst
altuedn G6.8%, alphaeglebulin 7,9%, beta globulin 14.4% and
ganma glebulin 13,29 (tynch and Stafseth, 1953). Saploying
paper alegtrophoresis, Isskavio and Jankovic (1588) dpmore
stroked ehet the goema glchulin congent in surglicslly burese
asordoed chilckon vas significancly lover {(0.34 97100 ni serum)
chan that in uncperstad bivds (0,73 /100 mi asnum)e

Horgen and Gldok {(1972) conducted a dstaliled cquantice
tive atudy on the serun protein fractions of burssctomissd
and neosmsl chicken, hy polysszviamide gel alectrophoresis.
They foand that the talal cerwn protein content iucreased
slowly froma hatkdhing {2,689 g @ at one waek] to 12 weok of age
{4.63 ¢ *% at 12 weekol, tHaither surgical nor hormonsl Bx
hed any sigelificont offect on tho totel protein, of albualn
lavels. Albumin levels zoee sharply £rom hatobing unsil two
1o three weshs of ogs. The o0 levels denlined signdficantly
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Suring £irst two to thres vasks and then rose sharply by four
to five weeks in control birds, while IgH level in sontrols
wns very low or abssnt at hatching and increased sapidly
during ehe fdrse wosks Both surgical and hormons) Ox resultsd
n a deley An normal 90 producticn, while the IgM lsvels in
those two groups ware higher than control lavels. The Igo
levels Zrum ape to Swelve weekn ranged from 35G-077 ;g % 4n
contzold, 573«342 mg % 4n surgically ursectoadssd and
417553 mg % in hoxmonally burssstomiesd birde. The IgM
lovels fzom ome o twelid weeks pangsd from 160416 mg % in
cenkroisy 191=547 wy X in surgically hursectomised and
238~57¢ g % 40 hoxoonally bugsectomised bivde.

Dy radisl Irmunndigfusicn technigue, larner gt gle (1971)
foud that at hatching, chieks had about 150 mg % cimsulsting
XI55, darivad Srom the yolks This quantity declined ¢o adbout
100 mg % Ly socond weelt, aftay which the levsl roase ungil
the idth veek, vhan & valuc of 5515-550 w3 4 wes ateaioeds In
Conlrsast to IgGy no clzouleting Ig was prosent at hatshing,
but agter tho fiat wook, messucabla quantities appeared, IgM
level was Influancsd by specific Ammmisaticn with shesp
Calls o & groater axtant than wsre IgG levolse Dy the 1éth
waok, the ooan IgH lowvel of Lhe fermuaniced contwole, 400 ng %,
vas alroot Suice that of the non=irrzaidned birds, 200 05 %

Chhabra and Goel (1950) qguantitatad tha drramoglobuline
in chicken ssrum by radial immmediffusicn method and foumnd
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masn values of 1.35 ng/m) oM, 5.09 mo/ml I9G and O.31 og/md
I\

Defalco (1943} ropervsd a valua of 3450 g % for total
pretadns in ducks. By electrophoretic studiez, Spsctoz (1976)
showed that the plasme of ducks contsined more glichulins
{92,1%) thep albumin {47.0%) and that tne slitavdneglcbulisn
Lotlo was balow onds Ui gammn globuidn icvel was found o
2 #ix per cente. Surepdranathen (1566) chioined a total
protein value of 4465 & 0,19 § % in odule male duslis and
5000 & Gold ¢ % in atull nonloyirg ferale, by micxes-ihjeldahl
methed. The mean allrgaln values weme fomd to Lo 2.07 2
010 g ¥ in siuke male duchs ad 2443 ¢ 079 g 8B 1o nuadsydng
femaies., The mean glubauin values Sor vhe sbova groups were
2406 % 0ed3 ¢ % Al 2450 », 0443 g % raspoctively. The
eibxrdn-giolulin ratdo 4 thssd Lwo LZoups ucse 1,10 & 0010
A3 DeE5 z G066 regjtotivalys

2ol and dliferebigl lsugsovtis ogank of didhn
Reports ¢n the normal hassatology oF ducks ase vary
fav, comparad €0 that OF chickan.

Magath and Higoina (1934) obtained a count of 23,400 ond
Seaonivasan and Rgo {1P6%) 37,470 leuccoytes par Coom. of
niand in dueke. A dlffarential leucoapte count by Msiath
#nd Bigning {1934) ravanded an avareqe of 81.7% dy-phacytes,
248438 hotenophils, 2,479 ecsinonhila, 1.5% baso-hils and
17.6% mnceytes. In dlfferantial count, Sesenivason and
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Ras (I195%) cheningd the falloving twen velues of 37.4% iyrphie
UERn, 45.3% hateraphils, 6.0% eouinophile, d.53% besophils and
erll 758 manscytog.

in ¢ gtwdy on the normsl haemavolegy of duche,
Suzendrenstbien (1986) chteind tha tobol and Jdiffersatial
dsucocytie counts S auekiings from day old €9 thrae senth
old gEGuUpSs Jhe toteld lsuiooyiic comt canged from 28,63 &
063 {4n Jayperdd) &z 0403 2 2.58 (in three month old)
Limugend zap a.om, af Slosds. The diffarential louccoyte
ceunta £200 day o34 62 thres nonth old dsiddngs weres in
the fFolloudng rang®) S0.00 1 G.08% &0 64440 & 1,27 Lymphow
UyRes, 2610 & 00070 to 28,00 4 3.93% heterephile, 5.90 2
STl $0 2440 2 CL50% aosincphilay 0.80 & D.19% 0 0.00 &
0.16% busaphile and 11,00 & 0a57% £ 7443 3 0.40% MINOCYLEN.
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IATENTALS MDD MITBEYDS
tnteriale

RProtein o \ - re.

1. Reagent I (slkelins sodius potassiun tartarate solukion)
KNaCyM,0qe8 1,0 =13 g
! Na0n w 200 ™
4 4 -5g
Distilied water - upto 1000 mi
2. Reggent 3T (5% copper sulphats solution)
Cu504.5 “20 - B g
Distilled water - 100 rl

Execipitotion of sgrum Ssmupcglotuling
1. Sgiuraved gymeniun eulphste (Sh3) solution

SAS wan prepered by adding 760 ¢ of emmanium suiphats
{apH) to ona litve of triple distilled water and hesting to
£3°C for 30 minutas in a water bath, with continuous stirring
4o diszolys. It was filtered while stil) Lot to romove
insoluble fmpuricies and then ogoled te room eemperaturd. The
pH was adjustsd €0 7.0 with smmamium hydroxide solutfon just
pricr to usa,

X 5 (]

Soluticn of 66% and 80% strangth were prepared (v/v)
Lrashly from the stceok SAS,
2+ Axoonium hydroxide sclutien
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3e Physfoleginal sslins

4. Ten per cant bardwn chliopride sciuntion

Se E&Qﬁ.ﬂmsfﬁgﬂz Sg&!ﬁ. w g.s

Five pepks oF barste huSfer sas added o ninoty-five
poaets of ceding,

Eorate bugfor
Boric acid - GedB4 g
Barar - 9,538 ¢
HaClL - 484 @

Distilled vater w 1000 mi

Added the above rsagente &0 one litre velumetric flask
contatning CGO-800 ml) of distilled waar end shaken the flesk
usil complate soluticn of the ccntaats vas schieved. Added
distilled water to make upto on® Lisse and rdxed by addie
ticnal shokings Used an aliquot of che solution to check
tls pi.

S+ Sryataliing sodtygm cylvhate

Solwm chramatcgug iy

ie bephaday G200 {Pharmacia Fine Chanicaln, Upsaln, Sweden)
2o Tris~2L=dsCl bufiferg phH 5.0

Tris (hydroxymatliyl) ocninomathans 0.4 M (12,11 g/litre)

Sodium chiordde 1.0 M {52.4% g/ltere) and 0.02% scium
azide La tooethird of Zor valuno uelng distilled watex,
pi wae adjusted o 0.0 by a3ding IV 2L and tho volume wae
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made upko one lere by 4lseillcd vators The buffer solwilon
was £iltored through Hhatmon Hoel £ilter papar bofore use,

Sremacelectrophoranls
1, Tris-barbital buffer

Barbitons sodium G2 g
Tris (hydroxy mathyl)
aminaethand 7.7¢

Sodium pzidde « 0.3 ¢
Dintilied watar - 2000 L

! edjanted 4o B.6 with 1M hydeochlorlic scid.
24 Agar coated oliides

Cleon microocops 8lides (2.5 % 7.8 om) wars dipped in
1% weittd sgor 4n Alstilled water and dried 4n eir by keepw
ing ehe alides horiucnbally cver glans Xads. Dried siidas
wire stored 4t room Lemperature watdl used,

3, zulfersd agarons

ACErass, 0.8 g,was bolled in 200 mh Trisebarbitel Duffer
until the agnr was dissclved completely and than etored at
zoon temparaturs until used,
4. Proparazicn of agaroca gael cn slides

Agar coated clides were placed on & perfestly horicontal
surface and thres mi of melted MFESKRS QUATCSE USa nouzed
on sach siide and pliowaed &o £0IM gAYl Bt SOOM LOUDArALMo
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Se Staln Eor frmumoslectrophioroorsm

Amido black 10 B -1lg

Soddun acetate-poetic acid
Sfer 0.3 M, DH 3.6 « 1000 i

&, Decaleurising acluklans far imuacslectrophoresls

Dacolouriser X

Hathancl - 40 ¥
Aostic acid -10v
Distillied wazer -GV

Dacolouricar 2X

Abmolate aleshsd -~ 33 v
Agstic anid - S5v¢
Dleeilled nater -0y

7o Duck serun samples from axporimontal and cwntrol Licds
8, Mtidunh garun radoed in paboie

9 Antiduck globulin rolsed in rabidt

susneftonton of 706 ond 2o by xettel terwnodtssuston
1o PoBaBe {3l 7.3}

Nl - P00 g

RGP0, - 131 g

Ri 00, - 03

Platilied watexr = 0G0 md

2e 1.5% 300083 gel 40 PeBeSe
3. Autisernm ¢o duek IgG and IgM
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4 DUCh garum sxples Seon erperdnental snd control bicds
%S¢ Suok bils
6, DUCK ooy yoik

¥ 'y S k7 On 33

A 10 x stock selution was preparad 56 par the procedurs
of Qumningharmy (1964) and atorad at 4°C for further use.
A 1 x working soluticn was prepared by diluting the 10 x
steck solution with tripls distilled water, Cenicillin
(200 U por mi) and strsptomyoin (200 ug per o) were added
o prevent bagherial contamination.

Total qount, of lousngytag

1. Dlcod of duaklings anticoagulated with EUTA.

2o UDS gfluenty wra:aned a3 desoribed by Ulath and Haerdck
{1952},

us~l - B8 g
Ha 80, 259
HashPOge 12 8,0 = 2,01 g
K90, - 035 g

rorralin {378 - 7.5 o
Meshyl viclet 28 « 0,100 ¢

The above chenidnls were dfssclved in Aistilled watar
in the o-der prasaripsd and dilutsd to a total velums of
000 co in & volunetric £lask, After standing overnight,
the soluticn was £iltered chrough Yhatman nuoher 1 #ilter
Peyar and was reedy Zor Ammediate uvse.
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3 Haemeybomebos

D nkd of la

i. Blood of ducklings

2. Modifilied copper peroxidase methods Solubion At 0053 c:nso‘
sclution Bt 0.2 ¢ of benzidine was ground in a moztar
with a faw drops of water., To this wes added with cone
stant stiveing 200 m) of ddctilled watsr, fiiterad and
addsd four drops of 3% !120 -

Se Lyphioyzive culture

Se Lyphimurdun d8olstad in this laloratory fz:mfgsuma
pig wos used throughout tho atudy.
&l 2 £]

The source of shasp erythrocytes was fzom the same
andmal throughout the experiment.
Bugk aqgs gad daymold ducklingg
Cressolired duckilngs wers obtained fron Government Duck
Fara, Rirzoan,
Biler Bile vas aspirated asepticelly £rom contial ducklitngs
that wore aaczificed at weeks 5, 8, and 10. Dooled
bile vas Xapt at «20°C t4ll usae.

Endoxan ASTA (cyclophogsphamids (P) - ohtatnad from Khandelwal
Labvoratories thd., Bomhays



METHODS

Buxsgctomy
&) Syzgicsl mathod

The method described by Chang et al. (1957) was followed,
Buyssctony was dong on day thres aftor hatching. Prassure
was eppiied to the duckliing®s back with ¢he lefe hand and
an incisicn with 2 rasor blede woa meds at tho base of che
tail, jJuat abova the upper lip of the vents The bursa was
then grasped with cugyed foospa ab the anterior &nd and
oasqad towands tho spening. It was excised as olosa to Ats
astachment 4o the clozca as poseible in oxder to yemove all
rirea tissue and thus aveld any poasible xagenaraticn.
Control duckiinge ware sham burssctomised,

b) ghemica} method

Chenical bugsactony was effactad by single Antramuscular
injecticn of day-old ducklings with cyclophosphamide, at the
rate of 2.3 mg/bird,

<) Hormened method

The method of Click (1983) was follousd for inducing
homonal bugssctomys Flve day anbrycnstaed duck eggs were
dipped in ens per ceat alacholic aclution cf tastostecone
by the painted end ¢o a depth of 1 inches for give seconds,
The oclution tomperature was mainteined batwesn 10 and 1890,
Cantrol agss were dipped in ths same manner in ethyl alcohol.
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) Aatibyrasl sorum mathod

Sixtean day exhryonabad duck emnbryas wera ineculated
dntravancusly with IADS at tha zate of O.1 ok par eQg.
Control eggo ware given 0.1 ml €ech of physiclogicsl ssiine,
incravensuslyre

0O o k) ¢

Preparsd as per the tachnigue desczibed by Chang gt #ie
{1957) with some slight modificavdion.

Saloonells typhimiegun

Z» Syphicuciug crganiom was cultivated on usllecsidinten
agar radiun, in larys pebrl dlshoo. The cuiture Uas hale
yastad with aporoxirately 1% ;i of G.6% {ormo) ssline per
dish, scrapping with starile glase zods It was then filtered
through sterile cotton and incubated for 24 h at 37°C, 7Tha
starility uas tastad hy incculoting O.2 mi cf this antigen
into Rueller-finten agar medfun and dncubating. The stock
antigen susponsion was kept in the refrigerator.

vorking standard of antigen was made by compardng with
nunber 10 KoFarland standard (prepared by a8ding 9 ml of
17 H,80, and 1 mL of 1% BzCiz)s t0 got approximstely 3000
miilion crganiems per mls It wag Surther inactivated by
Rosping at 56°C for 30 mte and was used as the antigen for
inoculeticn. Fozr sgglutinaticn test, & goncensration of cns
biilion cigandons per ml of antigen was uged,
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Shaen RO anbigent Sheep Jed blood ceils suspsnded in
Alssver's sclution ware washed thrice in phystslogical
caline end finally prapsred as a 15% saline suspansion,
This suspenalon wan erplovsl as antigen for inoculnticns,
Tor osrologicsl test, the RRC concentration wae reduced to
2% by the sddicion of physiclogicel salive.

Antiburogl sergm (AARG)
Anzihurasl semgt was prepared as per tha msthod of
Mishra and Jetiswal (1924} wich slight moddficetion.

Dugsas waze gallected from four, 4-wask cld ducklings.
Thay ware cub ints small ploges and gommd 4n Ten rroeck
grindar in M3 (conteining G5 por cent Axetalivmin hydroe
lyzete and 0.2 per ¢int yeast antragi)s It vas centrifuged
twice 4n DS at 1500 Zpa £or 10 mus, Then tha supergsiant
wans diccardad and ehs cells resuspendsed 4n HR0S e got a
populaticn density of 106 22lls per rnls. It was then 4nocte
lated intravencusly Anto tws rakbitg, in cne ni doBES.
Thrae bhooster injscticns vare given of teén day intervals
and the rabilts vere bled sevan doys after the laot injec-
cion. Ths sorud ¥as esparatod o centrifugsd Qb 1000 gpm
for 10 mto. 21t was inactivasad at $6°C for 30 mes and then
tzegted with 100 untts of penicillin and 100 ug of stropto-
mycin suiphate per mi, inoubnted at 3’1"{.‘ flor one hour and
Kept at «20°C till used,

Exoarimsn g1l omune rog
In ordar to understagnd che inmuna rasponess against
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tuwo Aifferent antigens, five eets of axpariments vars oone
ducted, Buk for the differencs in tha cstegory of Aucklings
used, the protocol and methodology in gsnesral, wara more or
legs =imilar in all the experiments cagried ocut. The two
antigens used vers anscultura of g, typhimyedum having a
populaticn daneity of 3500 millicn per ml and 15% suspen-
slon of SREC washed in normel saline.

Age natched normal ducklings and buragctomised cnes
sere givan oingle Intramusculer incculabicn ulth efther one
of the above antigens. They weve 7 days old, 26 dayo old and
42 dsys old quckidnga. The dose of S. Syoblouriv antigean
wae 0s2 &} Lor 7 day-old group, 0.5 ml for 28 day-cid growp
end L Ml for 42 day-—©id group, while the doss of SRDC antigen
vay 1 ml for all ag® groups.

The anticcaguiaiad porticn of blood was uzed for making
total and differential leucceyto counts and the bloed
collscted without anticoagulant was used for hasvesting
senwn which was Jater cn used for dstocting the antibody
levels against tha antigens injected. At the cnd of the
fourth week, the ducklings wers agcrificed and tiga blood,
hile, opleen and buxon, L£ present, wors gollestod. The body
wveights and the walchts 0f buras and sploss uasa rocirded,

Tho durdes and sploen wexd fixed La 10 por cant Zozmol
saling for hiotopathwlogicel exeminotion. Tissucs were
proseszed by moutine paraféin embedding techaique. Soraffin



7?

gections cut at S micran thicknesas were stained with Hareds
hascmatoxylin and ecsin as described by Drury ond Waollincton
{19673,

Eszerimont T

This group comprised of 8 control ducKitngs injectad
with sormail salins and two groups of § ducklings each
injectet with sither S. Syphimuriun antigsn or SREC antigen,
on daya 7, 22 or 42 after hatehings 7Thene birds uaze 23erie
iced st the and of 4th wock poot-inoculation and varicus
tisoues werd collected as Jdzscoibad epsliev.

Spesivant IT

Conginted of sargicelly bursectomised duckiings and
snam burssctonised congrolas SAR bursectomized duckiings
inoculated with Salrenolla antigsn, six bursectcmized bixds
sdndnisterad SHDC antigen and s controls incoulated with
norinal saline were there in 7-day ape graupe In tha 28-day
sye group thezs wers 8 mursectonised dueklings each for sale
renella ansigen and SRBC ammigen and 8 contruls inoculated
with normal sallimd. In 42-day 578 gRoup, Zour hurssctonissd
ducklings wers inccuiaced with eash of salwarslla anticen
and SR2C antigen and 8 cunsrols inoculated with normal saline.

Theaa hivds were nantificsd ab ¢he end cf tLo 4th week
post=inoculation and ths varicus samples were collectesd as
descrihod sarlian.
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Experiment IXT

. In thia expsricwnt, 8 chemically bursectomisad duche
iings each for salvonelle antigen and S9P0 antigen and 8
controle incculetad with ascoal vsline wers used fZow each
of 7 daya, 28 doys and 42 days age groupd.e These hirds wore
also sagrificed at the ond of the 4th veek posteinoculatisn
end samples collectad am abova.

Supapinent IV

Ths birds of 7 days and 42 days 299 ¢=oJ4p in thia
experniment concisted of six hormonolly hursectontsed ducle
14nga inoculated with sclimonedis antigen, oix HbDx bizds
fnoculoted with SROC antigens and six ecntrols incoulated
with normal saliom. Ihs birds of 28 days sg@ group Come
prised of 8 nunhers each for salmonella antigen, SADC antie
gen and nogmal saline incculatad qontrols, At the snd of
the 4th week posteincculation thaes bizds were slon 8acrie
f4ced and vavious samples wars gollected,

Experinent V,

This group comprised of contrel duoklings given normeld
azline and ducklings adninisterzed with antiburcal gemuz.
There wara six ducklings undsz asch treatment group and
controle As in prasvicus cuperiments, thess birds ware also
sagrificed ab the end of the 4th week posteinoculasicn and
savples collecteds
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Ca ion o [+)

Pocled sample of blocd was collected by sacrificing
£ifeacn duckiings of Be12-120ks of agee The blccd vas
allowed &5 stand for half to ano hour at room temperaturs
for clot formstian, Useping the Slasks in a slenting posi-
cicns Than tha ciot was carafully ssperated from the wall
of che flasks with sterile rod and allowed to stand ag 37°C
for one hour for serum ssparation, Decantad the separated
zaram dnta olean, starlle tubes end kept in the rafrigera-
€Ore The blood clot was also kapt in the rafrigerator
overnight, for further secum zeparation. The next day thw
ssparated sorum wes clagifded vy centrifcgation at 2000 zpm
for 5 minutes and wao atorsd as gnall aliquotes of one ml
in stsrile glass vials, ALl sgples were stored with prae
sazvative (Morthiolato 1}10000) at =20°C in dsep frease.

nloud fxom the owwitlmental dacklings of varleun age
groups was collogted by cardiac puncture using o 22 gauge
nsedie ad sorum saparated and atcred as desgeihed above,
Collection of bleod and ssparaticn of sefwn was alsc done
in the case of ducklings olpughtered gt £ifth, eighth and
tanth wveeke,

Egtimation of protein coicentrstion
The total protsin content in the hlood seruym vas esti~
mated by Diuret mathad as describsd by Inchiowa {1964).



B ion o chuling 40

Two f£inal concentrabicns ©F emscniwn sulphsté solutlon
{ASS) of 32% and 404 were ussd to precipieste the globulins
in ths pooled serux samples ae pas ths procedure descsibed
by Garvey gt al. (1977).

with constant stizring using cagnetic stirrer, %0 mi
a 567 or BOY ASS was added dpcpulse €0 & S50 ml srum saple.
The selerirg of serum.Ao3 mixture was continued for 30 mine
ukos after adiing tho lest drop 0f ASS and tha ensulng precis
plate war alloval oo stond cvernipgrt st 4°C.  Then tha suge
penolon wae genarifugsd 4 o refrigerated centzdfuge at
3000 e, £or 3D plae The prexipitate odialrnesd waa dissclved
in encseg™ seling o resdozg tho clsiaal valw® of somen and
vepoocinitated tuo noxo 8iras Solloedny ehe sbove reesadure,
omdtting ehws overnicht Msping of ¢ha suspansion at 4°C,

The precipitets Sxan tho thixd grecipitation was dlosoived

in boratz buffcred zaline 40 a finsl voluw ©f 20 mi, fe®.,
legs than half thet of ehw ordginal scoun HAmplt. ThO Mo
nlum sulphate was remyved fram the preaipltate by dlalyasing
aguinet borate buffercd salins at 4%, The saline uar changed
freguently witil tharg wie a0 arrenivn salphate 4o the diae
dysate as svidaiced by che abesnce of tushidicy on tooting
witlh 10% barfan ehlogidy solutlon.

The concanteation of tha pescinitated nrotaing was
asterminad by Biuret mechod (Inchiona, 1964).
Sodl vhat g practiikatden aof o ¢}

Globulins weres precipitated £rom serus st room
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tenperature a3 in the abave msthod, by the addition of 18,
14 apd 14% codium sulphate respeotdvely for the £irst,
gocond and thisd precipitaticnse As in the pravious case,
ths concontraticn of the precipitated proteins was doeter-
mined by Biuzst methed of Inchiosa {(1984).

gel_filgration oheematoqrgoly

Gel filtration chrcmatography was carried cuk o
Sephadex G-200 golum using triseNaCl bulfors pH 8.0 a3 par
the procedure dsscribed by Talwar (1033},

Erepsration of the columy

Sephadem G-200 in 4 ¢ quantity was suspended in snsugh
toloellel)l huifer ok xoom temporaturc £0r three dsys to ensure
proper sweliing, Ths siichily turbic supsrnatant fluid was
seoeved by decantation to gt rid of the £ines.

A smail ploce of glass=weool was placed at the cutlst
of tha gloss caluwm having the Simension Sf 18 8 70 cm.
It was mounted on a etand in vertical poesition and £1lled to
absue onsethicd uith Tris-HCl Duffer pH 8.0, A medearately
thick slurry of Sephedex G=200 was poured down the column
gurface to avoid the trepping of eir bubbles. Whan a 10 om
leyer of tha gol particles had formedy the capillary cutlet
was opened, More slurty was af4ad at fragquent intervals,
vhan the horicontal zane of packed gel raschsd a lsvel of
€0 om halght, o buffer goeservols was conndoteds. The column



was eguilibrated by sllewing 2 to 3 columa volunes of
busfer to pags through the bed.

ration OF the asarmla

The tost globulin saples vers equilibrated by dlalysis
ageinst tha tris-Nal) buffer at 4°C fur 24 hours and hrought
to room tarperature hHafare chtomatographys

Shparatogeagt

Dutfer raservaiy was dlscoanacted and the supernatant
£iuid was alicuwad to sink almost to the lavel of gel sur-
foace. The equilibrated gickulin carple, 1.3 ml, having &
total protein concentation of 4069 mg/ml wan naded very
alowly onto the gel without dimtuching the gels AS 300n a8
thw sgmpls entered the gel, twd volumen aoch cf 2.9 nl of
tha buffer were used £6 wash in any solution adhering to the
aclum, the £4rst being allowed 0 sink inte the o2l hafore
the second portion was useds A faw millilicras cf huffer
was than slowly addede. Ths colurn was conngctod to the
buffer resecvelir and sufficlent height of uffer colum
davsloped.

The chramategraphy was conducted ranually ot 1ocm Senpee
rature. The £flow xate was 14 mi/h and 2 o) fractione vers
collected. :

The protein conmintrazion of esch frantion wvas deter-
mined at 280 nm, Jsing a Spaotronic~1001. Thia vaiues
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cotatned wers plctted 4n graph poper o get ths paak Qurves
repreasenting the varicus protains in the sanple chromaioe
gtaphed, The fractions of the asceniing limb of the first
major peak and those of tha sacond major psak were subjected
to immanoelectrophoresis (deascribed elsewhers) against antie
duck serwn ralssd in rabbit. These fractions wera ccnoen-
trated agalin using DVP and passed again through the Sephadex
colum An oldsy to effect further purdfication of IgM and

h s

Esofuction of gntiosry
Yor aach sat of antisers twe rabtbhilis were useds

a) Rebbie entiduck samun

™™a ml of winle duolk sexun having & protedn cicentra~
ticn o2 40 uy por v} was humogunived with two nl ¢f fraund's
coplete adjuvant and two fl aech of shis emuision as given
intramueculacdy w0 tvo fabadis. Thres bosglor doses of
ono mi each, without adjuvants were given at 10 day intere
Tals intraruscularly and the Faobits were bhisd ong week
later,

b} Rabbit gntiducic ghobyliy (RADS)

Rahbis sntituck glebalin was raiosd by tho aaw prook-
duxe a3 for WMDT, wing mﬁl‘)aﬂ?ﬂv,3 precipitated sevun glcine
line diagolved in Morake-butfenel sosline and having an
sprroximate pratein concentrasdan of 10 ma/mt,
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c) Rabbit sotie=TgM (RAM)

Purified XgH fraction 3 ml (having a protein concen-
tration of 0,38 mg per ml) was homogenized with 3 ml of
Prewnd’s complete adjuvant and 3 ml each of tha emulsion
was dnoculated intramusculerly o tuo rabibdte, Two booster
doses cf 1,5 ml each of IgH alone, without adjuvant, wers
givean at weskly intepvals and tha rebbits were bled ona
weaRk later,

) RaLRLL enedeTcn (AAG)

Rabdodt antlelgt sarxn uan produced by the sand mathod
58 far AN, using puzifisd XoO having & prcteln consentraw
tion of 0.32 my/ml.
Irunoelestraghezasis

Heltad Q.8 agarose in crissbarbiturats buffer end
seured 3 m) of thy hot agarose cnto each slide kspt on a
levaiied nuzfscs. Allowed the egar to horden for 20 mts
a% 4°Ce Uelly and troughs were cut on each slids and the
agar was suohad dut from the wells only, uting a vasuws
punp. The walls wvers f£illied with snticans and a dgop of
hronplhenol Rlue dye vag added to tha pide of tiw well as
indicabozre Tue 8lidos wers thon placed in the eleztropho-
¥e9ils chember Iin ouch 4 vay thay the antigen wells were
HeArsy to the catheds than 60 anofe. Contact Botwaen the
siidas and the bulfer waa effected by £ilter paper wicks,
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ane an sach end of the slide, 3c that each covared obout

1/2 oo af the agavcse cn the alids, Cusrent at tha rate

off 3 v per olide was given and the electropheresic was
continusd t11l ths indicator dye reachad 1 on svwsy from

the other end of the eldda. The slidas were takan, the
sgarcse in tha troughs were removed caraefully and the troughs
wars £illed with the respective antisara {Raising of ankie
sara describad olesvhers). Allowad the antisers to alffuse
20=2¢4 h st room temparatura, kssping the sliidas in the
slectrophoretic chorber itself, The slides wers then wasted
by soaking in tuc changes 42 normal saline for 24 h and
shan in dietilied watar for further 24 h ¢0 rsoove unreacted
axcesa proteins. The slides wers drzied alawly, stained with
smtdoblack statn far 15 mto, and decolourised in solutions X
and IX for 20 mts each, Dried the slides av 37°C Zozr i h
and mounted in DPX,

Seroloqical Lests

The mathods described by Cheng ek ale (1957) with
#light modigication wera followad.

To 0.40 ml aliquots of sazial Ailutions of serun
(248 ta 1§4096) wera a0ded £0 0,40 ml of the standard
bockerial entigsn {1 billion oxganioms por mi)e Afier
incubasion at 37°C for 2¢ h, the agglutinin titre of the
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tast sarum was ascertained as the lest sarum dilubtion tube
cantaining visible agpregaticn. The ticte vas epasssd
a3 the reciprocal of this diiusion,

B uespsed ulor Solk acgluetoation So doteck

Serfa) saline diluticns of gach test sarwun (148 to
1§4096) were prepsxed in Perspax plates in O.4 nl aliquotes.
An equel quantity (0.4 ml) of shesp erythrocvie suspension
{2.0%) was dntroduced into esch well in tha diluticn series.
A salinc~-shaep red blocd qell control was included with
esch tieration, Tha psoctants were mixed by shaking and
incubeted in a 37°C incubator for 3 he The titration end
point was dstarmined as the greatest serum diluticn in which
sfgnificant agglutinaticn of euythrozytes was still dlsoeg-
aible. Tha titre was exprassed as the reciprosal of thim
allntien.

gquantitation of TgG end IgM

Single radial irmuncdiffusion (SRID) tecimiques, daves
loped by Maneinl ek al. (1965) with oldight modification was
usad.

Agarons gel (1.58%) in £S5 wes melted and Rept st 56°C
in a water bath, Anti-serum against Ig0 and IgM, warmed
40 $8°C, wos addsd £o the agarose gel to obtain & £inal cone
centration of 5% of sntiserum in ths gel. These mixtures
in 3 ml quantities wars cverlayerad in agar-ccoted siides.
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Afeer sclidification, wells of 3 um dianster were panched
cut at a distance of 12 ma hatween tha wells. Ths uwells
wore then charged with 10 ul of varying dflutions of Xg&
and I¢M of known pratein concantration and ineubstsd st
4°C Zor 24 h in hundd chanber,

Antigeneantidbody precipitacion rings formad around the
uells were chssrved and the dlameterss maasured,. Ihe siides
vere washad and ataimed as in the cace of tmunoslsckropho-
retograns. Duplicsts daterminatiocns of the precipication
ring Alsneters were made and avarsge values vare token to
construct the standayd cugve, plotting the ring diswiers
againse corpesponding protedin concantrations of antigeén.
This cutva was used for calculation of Lg concentration in
the test sample.

The serur sacples from ¢he contrel and sreatod ducklings
of varicus axpecimental groups (descrided infra) and hile
and «gg yolk rom nezmal Laalthy hirds were used as test
sasples, Tha serum and bDlle somples wepe dlluted 5 Limes
tc cnsure that Lhe ring diacsters vers within the rangs of
diensters produced by standerd rsference antigens. gg yolk
from six dunk eggs Alduted 1/4 with £BS was usred to 2111 the
anticen wall for quantification of IgC and IgM.

WO ant {T.0.)

Thre thod of tath and Mareick (1952), with alight modie~
2casdcn, wan used.
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1£2¢rantial cowm

vedffied wopper peroxidene mothod of Sato and Gakiya
{1963} was folloued,

Skatiaticel analvaly
Seakiatical snalysis of the date was doue by the nethod
af Snedecox and Cochran (19687).
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RESULTS

Exparinents to etudy the imnuns responseg

The ircune responses to SROC/3. gyphirmeiyn were studied
in non=taresactoniesd (control) and bursactomised ducklings
Duresctomy vas parfocmed Ly surglioal, chamical, hassonal or
antibursal serum mathcds. The sntigen (SRDC/S. Symhiourium)
was inoculesad at day 7, 28 or 42 of sge and the responseas
in body weight ond weights of bursa and spleen west dster«
mined, after sacrificing the hizds four wesks aftsr giving
the antigen, vig., at £ifth, sighth and tenth weeks respece
tivelye The body weights, as well as the weights of bursa and
splesn in the control and treat-ent geoune w.ere snalyssl by
Analysis of Variance.

Ak tha sifnh wesk of eoe

In the cantrol group the oaximun body weight chitatinsd
wa3% 635 g and tha mindoum was 485 g, while in SROC treated
graup tha maximun was 740 ¢ and the minimss wam 473 go In
8. tyrhimuctuy incculated group the maximgn body weight was
650 ¢ sad tho mintmwn was 515 g.  Fvanthough the velghts
obtatined in the trestsd groups wara highsy than that of the
control, statistical analydis indicated that thoe differences
wars not oignificant,
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The waicht &f bursa in contrel group ranged from
0.840 €0 1,332 g¢ In SROC treatad group the waight ranged
fzon 0,548 €0 1,333 g, while 4in 3. gyphimelun given group
5t was 0,809 €6 1,311 g Statistical snalysis did not
réveal any differances in the weights of bursa natween oone-
geol and frested groupss

At £48th wesk, the weight of spleen in contral dusklings
canged £xom 0e397 =1.129 g, while the ranga in the 9°BC
treated group wes 0,270 ~1,125 g and that in the S.gvobimrioy
given group was 0.323 =0,994 g, In thie case also, the
weights of spleen fn the threas groups wera not found &0 be
gtatiatically adgnificant,

At tha elghtvh wask of agg

At eignth week of age, the hody weloht in the contiol
Auckiings ranged £rom 740-3000 g while that in the SDC group
was 540 ~1070 g and in S. fyphinystum given group it was
650 —030 g, Staticticelly significant diffarence (P {0.035)
was obsarved Detwaen the mean bedy wolghts of S tvphiouriuys
treated (752,875 ¢) and the control (865 ¢) and SREC given
(882.5 g} groups (Tabie 1).

The weignts of buxsa at eighth waek of age ranged in
control gooup from 0,708 ~~1,310 ge In SARC given grosp it
W3S O.659 =»1,463 g, while in 8. Lyphimyrium group 1t was
080 «~1.239 g Statistically there was no significant
differenca bhetvean thass groupste



Tsble 1. ANYA table to £And ouk differences in body welcht betvesn 8 weak=013
sunerol and SROG/S. typhimariom facculated duckiings

Souzee e 85 b 4 Infesence
Tzsatoeats 2 83442 4022L.5
2,538878 -
Broor i3 238695 113668.59

* gagatedcant (P <0.05)
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In control ducklings, waight of spleen at eight week
ranged £rom 0.531 €0 04790 g It SREC group it wam
00424 —1.377 g 2nd in S. gychimurdum group 1t vwas Q398
0.654 g. On statistical analysis, the veluss wers 2cund to
ks nonesignificant,

AL _the 10th veek of soe

In the 10th wask of ags, the body welght o€ esntrs)
duckling had a rangy from S80 #1320 ¢ while that 2or SRS
group was 850 »1240 g and for the B, Lyphimuriwa group,
640 <1280 g,

Hedcht of bursa in control rangsd £rom 0.088 =1,458 q.
In the traated groups, S30C had & range fram 0,892 =1.610 g,

while the range for S. Syphimupiun group was 000 (618 =
1.810 g«

The zanges ¢f spicnic waights in the thres graups were
am follcugs Control 0457 =04860 g, SOBC D431  to 04691 g,
Be Srphimusiun « 0s399«1,620 g
Statisticelly thers wers na significant dlffersinces hege
wean the body waights and the welights of bursa and spleen
of the thrge groups.
Canpyrinon of the bady welohts and usichts of buyrey god
gﬂ%ﬁ%&&m .g,.m_..; ﬁ i%éu hursectonined
uakidings wigh & e &
In this cazs, thery were IZCUr groupe « noneburssctomised
watnoculated contzol, surgicaliy burssotomiesd uninoculated
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qantrol,(SBal), surgically burassctonised and SRIC sreated
group (SDxSR) and eurgically bursectomisad and S gyphimuciun
glven group (3bxst).

At _tha £4£ch week

The bady welghts in control group ranged fzom 473 ge
805 g, while 4t was 520703 g 4n 38xC, 3¢5«935 ¢ in SBxSR snd
310=775 ¢ in SO¥Ste

trelght of burss i contzal ranged £2cm 1.032+14899 @,
vhile burss was completely absant in the cther groups.

In the case of splenic weight, the control had a range
of 0.440=0,777g, vhile in others the ranges wera 0,420«0,747 ¢
(ODNC) o 033016276 g (SDxSR) and 0,100,774 g {SIxSt)«

analysis of Variancs showed that the differences in holdy
weight and walioht of splaen were not significant,

At the edghth wagk

In contrel ducklings, the kofy welghts ab eighth weeR
of age rangdd from 400920 g. 20 SBRC the rangs was 530«
240 g, 4in SBESR it vas 350810 g and 4n SBxSt, 4X0=760 Qe

The walght of bursa in control renged £rom 0.469-1.380 g,
while buraas vas nct datacted in other groups.

Contrel ducklings ked a splenic veight in the rangs of
OatidT=00074 g vhilo 4n oth2rs ths ZangEs ward Ce235=5.474 s
(SB%T) 2 04121=0.967 g {in SDxSR) and 04138 20 0.388 g (4n 9Bx3L).
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sgetistical analysie fevealel? no sigmificant diffevence
15 dady welght batween control and treated groupla Sut
significant difforenzes were noticed (P L0,01) in mean
splonic wolght bstween contrcl (0.493 Q) and the thres
trestoents af SExC (0.516 gl, 8BS {0219 ¢) andl SGxSt
(0275 g} (Table 2,

A% the taqth waok

AS tanth veek of age, body weight of control duwkiings
had o rings of 60041370 g, svhile the ranges in troaced
groups were &s follove: Sid (48G-895 g), SESR (560-11€0 g)
and coxse (6001070 g)e

The weicht of bursa {n conteol rangad £rom 0,255-1.414 g,
while bursa vas abson® in the treatsd groups.

Hith regard to tha splenic weighk, the ranges wers
0s022+1,092 g {ccntircl) , 0.217«2.112 ¢ (SBxC) 4 0.273=1,307 ¢
{SBXSR) and 0,255-0.842 g {30x36).

The valyes ip tha caxe of body welght and aplenis weight
batwaan tha groups were found o be not aignlftennt, by
anslysis of Vgrienay.

3 '--u E)q 3
I 2 L LI Ao R,y

‘mimmw T5e tyorimir iy

As in the previcus asss, this esperitent alsc contained
four groups - nonebuirsectoniced and uniosculated contyol,
cyclophopphanide traated and unincculated dusklings (CyC)
eyelophosphanids treated ducklings incoulates with SROC



Table 2, AROVA table to £ind cut differences in weicght ©f spleen bhat

O-upelmold control and sargically borsectoadssd Guckiings l.mcuhtod
with SRBC/8. Syphimyriym
Scurce D = Mg b Inferance
Trastoente 3 1392417 484130.1
13.834¢9 i
Eszor 20 670973.8 3354649¢

¢ significant (P {(D.01}
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{Cysn} and cyclophosphanide treated ducklings inoculated with
Se typhdmurdun (CySt).
At _gha Sifth week

In conseal deckiings, body veight fanged Erom 4835835 g

In the Cy trested ducklings the rengss vers 460«820 g (CyC),
460-853 g {CySR) and 485600 g {Cyst)e

The weight: of bursa was in the folloviag rangest
045401013 g (contoal) , Qeld85=0.500 g ‘cyc)a De25%«1.,063 g
(CySR) and G.242«D.,038 g (CyStia

In contred duskiings, spilenic weighes varisd firom
(e307=1,229 g, whila it ronged {rom 0.380=0,050 g {in CyQ)p
0.26220.892 g (in CySR)z and 0.751=14257 g (46 Cyct).

Analyals of Vardancs showsd significant differcrces
(< 0.01) betwyen tha mesn buveol walghis of continl (0.9%5 @)
and other groupd of Cy (0.383 gde CFSR (0,457 ) anct Cyst
(0396 g)s Tho diffsronces {n Liody weights and eplanlc
welghks of ¢he fodr geoups ware nok statds3ically signifile
cant {(Tokle 3).

A% She eighth week

Body ueioht of caniyol duchiings hed & wange of 1000w
1390 g» while ‘n athers the ranjes were 455773 g (Cy<),
260=23165 4 {(CyTR)ant 920-1225 g (CySt) e

The uelght of buroa showad the fellovwing ranges in the

Pour groups = (JeB1l2e10461 ¢ (controll, 0.210«0.448 g (CyC)
(e218=1,025 g (CySR) and 0o361e1,013 g (Cy3k)e



Toblo 3¢ AIZVA table &0 £ind oul Aifference= in usicht of buroa betwass S-weakeold

control and Cyetraated Guckiings indouintad with BG/3. fyphimgrium
SouLoe o 53 ng 2 Inforence
Treptuents 3 1.658007 005525538
12.96227 hd
Erxor 24 1.310876%9 $e619965E-02

e~

2% Siemificant (2 <0.0L)

T6
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With regand te the veight of apless, tha Langas vere
a8 followss 0.444-1.008 g (control)s GeldleD.589 g (CyC),
0s507+1.071 g {CysR) and 0,22490.852 ¢ {Cystle.

Statistical analysiz by Analysis of Variance revealsd
significent Alfforances (P <0,01) in mean body weights, bote
vean the coatrel (1240 g) end tha groups-CyC (5984128 Q)
Cysr €105S g) and CySt (1109,167 gl The body weights bete
woen CyC snd the other ¢wo tweated groups of Cy3R and Cyst
wore also significantly Aigfesant (Tabls 4).

Differencas in the waicht of bursa hatwesn the control
€3.028 g) 25 tha othax groups of CyC (0,314 ), CyIR (D.422 ¢
and CysSt (0.577 ¢) vers alse statistically signiftcant (P<0.01).
(Table S).

tith regetd to the weight of splesn, aignificant aiffe-
renge {P<0.,01) was ohserved batween the contrel (Q.806 @)
and CyC (0.27C g} end alao betwesn CyC and the other two
treatments of CySk (0,778 @) and CySt (0.641 g) (Table 6).

At the tonth week

At tanth wesk of aps, body waight ranged fron 600=1270 g
{contxol), 8551200 g (CyCla 6206900 g (CySR) and 610«648 ¢
(Cyst)e

Wetcht of Durss had & zoangs Of 0.268«1.308 g (contzol),
04272214236 ¢ (Cy2)y Qel35«0e454 g (CySRY mri 014006230 @
{Cyst) (Pleta 1).
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Table 4. AHOVA boble bo £ind out Aiffcrsnces 4n body velght
batween O wealeold control and Cyebrsated duckliings
incoulated with SR0/3, Syphimuriin

Source > o a3 s Inference

Treatnts 3 1543288 614422
49.27739 e

Erxor L 311738 224558484

&+ gienificant (P <0.01)

Table S. ANOVA table to £ind out differances in welght of
kuces batwian 8 waek-0ld control and Lraated
duckiings inoculated with SHEC/3. :m%mha

Soucee by a8 ] r Infarencs

Treatments 3 2265478 0,7551588
1500772 okl

rrror 28 1,2879%2 D.0318072-02

o% giguifdeant (P < 0.01)

Tarle §. ANOVA hable to £ind out differsnces in weight of
spleen batwser; § wesk«0ld contrel and Cy-treated
duckiings fnoculated with SRIC/S. Sutimuziye

Source L+ 58 NS 3 Inferance

Treatrents 3 2420243 07NN
12,03744 e

Erzow 38 0,5832125 0.0393285

b sienificant (P Q.00



Piake 1. Tan weekeold bursa of control amd treated
ducklings
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Splonic welght ranged foom 0.,022«1,092 ¢ (canteol),
0e202=2.318 g {CY0), 0.312=0,424 g (CyTR) and 0.,115-0,248 ¢
{CystYe

Analysis of variance indicated significant Aiffercnce
(P (0.08) anly in weight of hursa, The Alffersnces in body
vaight and weight cf spleen betveen the groups vare not sige
nificant. Burcsal welght showsd significont diffozances bet-
weon the aontrol {0,709 @) and tws treattent groups of CyRt
(0.242 g) and Cy2t (0.195 @), Significant differences in
bursal welght wers sisa ohotzvad botween CyC (0.782 ¢) and
the two treatmants of CySR and CysSt {(Table 7).,

mr&m& c!.' the hody weh?mg and welchen of burﬂ and
; ] e ! AMES L LAz A ‘

In thio mxpariraont alsq, four group® werae Lhers - none
mrsectomiced unincculated control, teatastercne trasted
uadnoculated control {00), testanterons treatad SAC 4noCue
lated ducklinga (TSR} and teatostarona trested S. Syohiauriyn
inoculated ducklings (TSt).

Bt the £1feh veek
The body waight of contro) duekiings at £ifth week
ranged from 30=4350 ge In the trazted groups tha ranges

vers 88 £folluowms 250=410 g (), 230-5330 g {7sn) am
210=470 g (TBk).

Usdgnt of baPaa was in Lha range of 0.287«0.870 g



Teble 7. ANOUA tuble &0 find cut Alfforances in weldght of bursa betuean 10 weekeold
cantrol and Cy-treatsd ducklings insculated with SBQ/S. gyphisartun

Source or 88 52} brg Infazonce
Treatromts 3 2.31237 Ge4 359567
Qo 5G050L L4
Breor 17 14530289 Do 8406237TE=02

* sisnifisant (P< 0.05)



Plee 2.

Plate 3.

Darae of neaetarrzestonised SREC Anoculated
Guakling: Jell defined iymphioid acdulss
centaining loossly arranged lymphocytes
exxazsualata? Ty thick bands of Librous
tisoue. Surfase apithelium intact.

B & B. X 280

Buras of cyclophozohamide trsated SREO
dncouiated duokling: Soattered lymphicid
Zodlicies with loomsly dlsteibuted
lymphold cells. Epithwilal cells pra-
daminant and strora GadMRetcus.

H&B X 280
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{oontrol}, 02250435 a {(IC); D.232«0.442 g (T2R) e
0.2210.720 ¢ (T58)e

Cpienia walghts ranged £roR 0.209-0.270 ¢ {in centrol),
0e145-0.357 g (in T0Y, G.0B0<0D.446 g {in TER) and C.138-
0.844 g {4n 138),

Ansiysis of Variance revieled that ehw diffcransas in
bedy weight, welght of bucss and seigt of opleon between
the contxol and trested growps wire nsh sicnificane,

At the o;g%i_:_!;h Mok

In conbzol duokliings, the body wiight et eighih week
ranged from G50-928 ¢, The trecates duchliings shoved the
rangss of 420-925 g {dn 501, 355580 g (in TIR) ond 550w
1097 g (1n ¥st)e

The tangs in the weignd OF ANEa wed §00 05832314343 g
in controls 0«227=0958 ¢ 4 TTp 06118=0,647 g In 752 and
Ce 30204570 3 in Tobe

Yelght of spleen uas in tha rangs of 0,388-0,%43 g (in
acneraliy Ced¥0=0e538 g (in 7C), 0,182+1.077 g (in TSR) and
063850747 o {41 TEB),

Scatistlicel anclysis shoewed Sholt tiers werd no signifie
cant dlfSerences 4n he control Ind Tealsd grouwps. hetween
ths body velghics, wedghte of urss and oplecn.

&% the tenth weslc
At tath weaR OF age, coatrol ducklings weocrdad a ainimum
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body welcht Of 820 g end a maximm of 520 ¢ In TC, the
mindmam bhody weight wae 880 g and the mexiox was 40 g.
The lowast body weight 4in 7SR was 910 g and the highast was
108% g« In TSt group, body welght zanged from 7883100 g.

Tho welghts of hirsa Xanged fram 0.578-1,278 g (in
Centeol), 045414020 g (4n TC), 0,487=0,989 g (in T57) ad
De320+342086 g (4n Tok)a

Splenic weights in contre)l and treatnents groups were
in the folloving Tanyoss 0.670«14878 ¢ {canlzoll, 05T
1380 g (TC}, 0.450=2,417 g (TOR) end 0.592-1.004 ¢ (TS%).

Aralysie of Verlance roveaiod oignd€icont Aiffatences 4in
remn body wedght (P <0,0%) Lacwssn the contwel (777.2 g) and
e GResunant grown®, Vises, TO {03E g) and T} {941 )

{Tebla ), Differencos in the walitts of bugcn and opleen
were not significant.

This macinont aand aonsisead of Zour groups 82 ducke
MMnos as 4n tho grovieys caghe. The f4vst growp cuprised
of nen=bursestonised, uninozulated contrel, follomd by antle
mrzal sazunm tseated unduyoculatad group (ADD) , mntdbursal
seru: ofminiotersd Guoklings inoculstsd with S30C (ADSR) and
antiburasl serwn given duckliings iroculated with . syphimurign
{apst). Compardson of the body walght, seights of burga and



Table 8. ALCUA table te £ind cub Af{Zfezances in Lody selgtt betunen 10 weckeold

sontral ond tagtssi erone Lrastod Juclhlings inoculsted with SrRoc/
3o Lephimueiun

«*

Souzce w a3 ®3 -4 Infersnce
Traatoey.n 3 202337 36112.33
3.652078 ol
cryor 18 %108 $340.533

* gignaficant (P <0404
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splesn, was dons at three sge groups of Zifth,week, aighth
uesk and tenth woek,

A% the S1£6h veek

The body weight of the control ducklings Tanged from
300450 g, while thak of the treated groups ranged froo
200-520 g (ADC), 250975 g (ABSR) and 245«438 g (ADSE).

vaights of hucsa showed a pangs 0f 04247-0,55% g (con=
trod), 0s331=0.779 ¢ (ADC), Ca343=0.671 g (ABSR) and 0.250=
04645 ¢ (BDIC)e

e woight of splesn in control ducklings had a xange
Of De200a0.270 ¢, while the rangos An the oLteX groups warg
0.250+06370 g (ABC), 0e168«0.350 g (ABSR) and 0.155-0.208 g
:4:103 1Y

The Aifferences in body weight and in weiche of buxsa
end spleen batvosn oonsrol end troeated groups were No% Sighle
fdwont o8 pay Mnolyocis ol vavimwid.

A% the elgnth waok
At the oighth weeal, control duwekilings recordad a body

welght mence of 820085 g, while thes ranges in trestad groups
vove, S95TI0 g (ANC), 422780 ¢ {ANOR) snd 445060 g (\n5t).

™y Tonges in the wvelcht of bucsa were ao foilcume
01452’1.154‘ ) 5@&3&!}, 0,522~1,497 -1 CW?, 03200758 g
(ABoR) and G.JE0«1.027 g {(20St).

Welghts of spasen vanged £oom 0,521=0.85% ¢ {control)
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0:501w1,304 g (ADC) s 04423«1.740 ¢ (
{AD3e).

statistical analysis ravesled significant differences
in mean body welcht (P< 0.03) batween control {843.33 g) and
the treatsd dunklings, vie, ADC {704,167 g), ADSR (624,147 g}
and Anst {696,667 g) (Teble 9).

and 0.2%0«0.728 g

Signifiicant Alfferences (P <0,08) wara algo observed in
maan bucsal welght batwesn ABSR (0.519 ¢) and the conesol
(0,870 @) and aleo batwéean ADSR and ARG {1,050 @) (Table 10).
Differences in weight of splean botwesn the control and treated
groups ware fcund to be nonesficnificant.

AL tho sench veek

The body weights in ccatrol and sntibursel sarum treated
ducklings were in the following zangess 5GG«918 g {conteol),
485300 g (ADC), 9101100 g (ADSR) and B8X=935 g (ABSE).

Helghts of burss ranQed £2am 0.305+1.051 ¢ (contral),
06430=1,071 g (ABC), 0.8640-1,140 g (ABZR) and 0.558«1.144 ¢
(ABSt).

Splenic weights had a range of 0.279-0.948 g (control),
06338=0,957 g (AIC)y Qed25e3,875 g (ABSR) and 0.428«0.737 ¢
in ABSt,

Analy=is of Variance revealed significent aifferences
{P <0.03) batwasn the meaan body weights of ADSR group {976 g) ax
and that of control (787.5 ¢) and Al (739 @) (Table 11).
Differances in waights of bursa and spleen batween the centrol
and treatmant grounds were not statistically significane.
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Table T« ANOVA teblle to £ind cut the dififerences &n hody
wedght between 8 weskeold control and antibumeal
serus treated duckiings inocuiated with sunc/
Svphdmurdun

Be

Souzoa v 85 121] ¥ Inference

Toeatrwnts 3 150938 5031287
3,962283 hd

reroe 20 253958 12697.9
S Eimizinant (B< 0,08)

Table 30. ANOVA toble to Sind ous the disferonce in woighe
of bursa hetwean § vacheold control eand antibursal
gerur ticated ducklings inoculated with oioc/

8¢ fxchimrive

SOUZCE '+ 83 Hs b 4 Inference

Toeatmants 3 (G.0921538  0.2573846
4.628235 ®

Lezor W0 1.288222 $.424508E8.02

* sfgnificant (P <0.05)

Tabls ile ANCVA tabils %0 £4nd cut ths Aiffersnces in body
weight betusen 10 wesk=~0ld contrel and ansibursal
senm toeatnd duokiings inoculated with SUL/

8o Syphimgeiug

source e 58 Ms P Infecance

Treatronts 3 6482 5582767
3845054 @

Ernen 17 246393 1450%.77

* significant {P <0.05)
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Gistepathology

bur 2] 3

The turse of Tabzicius wes campletely absent in all the
biras which wers surgilcally bursactomised, The foliowing
hestopathalogical shanges were noticed in tha bursa of none
hurssctonized and burssctomised groupss

Shaep RDC trasted oroun

Noneburssstonisad bhirds glvan only shesp RIC as sntigen
shoved, at fivs woeks, vall dufinsd lyrpivid nofules contaioe
ing leosaly arranged ly-phosytbes ancapsalated by thick bands
of fibrous tissua, Surface eplthelium wan intact {Plate 2},
There was no garminal centra activity in lyephoid Zollicleas
syan though laterophilie Anfiltration was geen in scoe of the
£011licles, By sight weeks, lyrphold fallicies showed cerminal
centre activity and ~asrophoge rasponse. Eplthelial cslls
ware prominont and Lhere was a terdiency Ear crypt formaticn,
By ton weeks, very active lymphoid follicles with active gere
mingl CAartres weNS presunt, SHoWing macrophags resnonos,

So Syphimurdum Lresied groun
Bursa of birds given 3, fushisprivm slone snowed ac five

weeka, many active lympholdd follicles envapsulsted by thin
hands of f£ihzcus ticaye and containing loosaly arrangsd
Jyrpholdd calise Cenerslly thevs was no garminal cantre actie
vity avan though macrophage £esponse vas praésent in gersinal
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cantres Gf cortain follicles, Epithelial lining was intact.
At eight weels, active lyrphold Zollicles vers present, and
some of the germinal centras showed macrophags and histio-
cyte yesponss, bBroliferation of macrophages occurred in
perilyrphoild lccations.s By ten weeks, many active lysphoid
folliclies with widensd, active germinzl centres warea pressnt.
Lynphotd ¢ells shoved diffuse proliferstion end there was
facal mecrophage resciion 4n dobs arcas. In thoe pesiiyumphold
locseicns, saticular cell prolifarsticn vas sesn. Spithelial
Aining was intact and there was stramai oadamse
Guejophosphamide trented group

Sxtenaive dugriing and shinning of thw bursal folds,
wich esvare dsagzae ©f arypt formation, was ssen in f£ive wesk
0143 cyclophasphamide trested uninoculated birds, The promie-
nant, iong villous appearsnce of the apitheliz)l surisce was
very charactsristic. The number cf £ollicles was faw and
those which waze precent were compact, with lcossiy arrangsd
lymphodd ¢elis, Thera vas relatively mars asnsant of ratie
cular cslis. Sub-surfece cpitheiial cells wure &otivae
flatazophiiie and macruphegic dnflltraticn coccurred in osube
epithalisi tissuo. In certain araas, Losre was nscrosis in
the mibe-epithalisl regich, Cpithelial layer was chrown into
leag, thin pepillery folds dn oight wéask ¢34 burss. Stroma
was abundant and only fooul loose lynphold collecticns and
ceattered piosma oells were paens Eyapnoid Solldcias sere
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fev in number ard contadned very locssiy arranged lymphald
cells, In sooe £olliclaes, thens was daganeration and negro-
sin of lymphoid celims Tan veak Old bursa shawed strophy

of lymphotd follicles. Ths lywphosytes in the folliclas wexe
lcosely arrangeds Prominent epithelial £olds were present
and raticular hyperplasia was alsc seen.

Burss cf cyclophosphanide snd shuap RUC treated birds
showed st £ive waake only very 7sw, scattored iy-phold
fodlicles with locoaly Sluseisuted lyrphald collr. Ipithelisl
colls vers predoninant ohd the stroma was cadanatouss Sule
face epitheliun showed fnvaginaticn ond coypt fosmaldcn. In
aostaln ageas, chers wos desguamation af epitheligl lning cells
{Flats 3}« AL eight weeks, lycpheld follisies were hypete
tycphic and contained loosely arranged lymphold celle., Prolie
ferating lyrpiolid cells vera sesn towards the perdiphecy of
this Ayephiodid fuilicles, Epithiellal cells ware prominent. Ten
wagit 024 bursa shoved sctive lymphoid folllcies with active
gurodnal centres and proliferstion of iymphocytess There was
integstitisl cedema and 8 tandency fox oxypt formaticn,.

Hany lyrphoid follicles sonaisSing of losssly areanged
lyaphoid celle wers prassent in thae bursa af five wesk old
cyclophivsphanide and S. tychimurium treated omzup of bimds,
Surface spithelinl cwlle shoved dezqusmanion, Avvaaination
and fozmaticn of cryptee. Stoms was osdematous, In some
follicles, gucminial centrzes showed mporophass TEBPONSe. AL
eight waecks, meny active folliclco ward prasent and lymphold
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cells showad digfuse proliferation. Gearminal centzes wers
sctive and widensd (Flste 4)., umecous lymphoid follicles
with loosely arrangsd lymphocytes ware sasn with bursa at
ten weeks. Cartein fcliicles had active germinal centres.
Epitheifsl colls were praminent and there wae a tendsncy
for crypt formation,

Ta starar !

In sestosterone trested uninoculsted ducklings, at five
weeks of age, there was stromal oefsna with fccal aveas of
degeneraticn and necrosis, Tha epithalial cells showsd
degensration which was nct ssan at both eicht wask and ten
Week old controls (Plate S)e At eight weeks, the epithelisd
lining was intack and at tan weeks, epichelial cells ware
vary prominant. In all the thees age groups of five, aight
and ten waeks, lymphoid Zollicles contained loosely srranged
lymphold cellss At five weaks, the lyrphocytes in soome
follicies showed haryorzhexis and Raryolysis. Tha stroma
was abundant at ten wsaks, with alicht stromal oedsmse

Testostercns and sheep REC Sreatad birds at £ive siseks
ravsaled bursa having many follicles with siichily activated
germinal centrese The lymphold tissue centalnad hyperktrophic
and hypseoheomatie lyrpholid cells, scoe of which wera dn
stazes cf mikcais. There vas slight congestion of bLlood
vessels and in fcenl nveas dn the suboucosal isyer, areas
of hetercphil and macrophage reacticn were sssn (Plste 6).






Plate 6. Bursa of tastosterans treated SREC inocculated
ducklings lymphold tissue show hypestrophic
and hypsrohramatic lymphoid cells, Arsas of
ﬁma%lzél‘?ﬁ macrophage reaction.

1 ]

Plate 7. Bursa of tastoztezcsg troated S %ﬂ.ﬂ%
‘ inoculated duckiing: Numorcus w:zx AOpe

Zo)licles with active gormisel csnires.
Scvara oaorophacs vosction szon torards
pesiphacy 3% iymheld folldclos. 314

[ 1
1& Ne X 250
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loosaly azvanged lymphold celis, hut the gurminal centres
uere eactiva.

Antibursal sarun tregted snd shwep X glven group
shovsed well encapsulated lymphold nodules with very loosely
arzanged lymphoid calls, at five weeks of agee. There was
a sendency for necrosis in some of the lymphold nodules,
espacielly in the f£ollicles in subspithellial location.
Diffuss proliferation of lymphocybes coccurred without gere
minel cencre formptdon, #nd in Socal sieas thezd wal prolie
fsration 3¢ moseophagess By eight weeiw, iynpdhnid folliclss
showed Alffuse lymphoid collexilions, stllld without germinal
centre activity. Stroma showad elight c&faca and inm cartsain
szgas, hyalinfsatiun and necrosisg. Many lymphold Loliicles
had acktive germinsl cintres and Aiffussly prolifersting
lymphorytes st ten wieks, Ther: wes elso & tendsnsy for
erypt foruaticn. Periphernl lvnohoid cells wars ssvevely
hypsrehrocatic snd active, Thers vera numerous follicies
with vall dsvoleped germinal centres, Slight strosal cedema
¥as ales present.

The buros of the (ive week oid group which wes given
antibursal serur cod adninickered S. Lyphimpeiuws asbicen
soveaied loogosy auranged lyophoid foilieles st of vhich
showed diffuse hecercphil in€iltretion {Plale 8. The
Lyrphold Sclileies wake hypestrophio snd showed ackive gase
minal contrege The lunenm 0f the buras conlained deganerated
desmancd,cd opithelinl colls: sSurfecs epithailal celis aleo
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lymphoid folliclas with active gorminal centues were also
prasent at ten wesks (Plate 9).

1) Lt 2

Burssctonised uninoculated hivds at five weeks showed
foor) arcas of reticuler coil hyperplasia in tha spleen.
yrphodd follicles were inactive aven at ten wesks, and con-
toined Aisfusely arrangsd, looss collection of Llywphocytess

Splean of burssctonissd and sheep ABC given birds
showed cnly slight reticulsr csll hyperplasia and focal
arsas of lymphold hyperplesia at fiva weeks of age. At
aight weeks also thera was slight reticular cell hypsrplesia.
Tean uask old splesn showed qongesticn and diffuse lymphoid
hyparplasis, o follicles vers seen.

Se fyphimgrium treated Lurssctomised birds showed focal
and diffuse hypoerplacia of lymphocytes at f4ive wesks, Thare
was moderate to asvers faticulsr cell typerplasis. Diffuse
preliferstion of lymphooytes and reticular cells 4n the
perlartorial sheath vas cbosrvsd at eight weeks, There were
alss many nacrophagos dn psriagterisl loceticns.

Cyelophogphanide trasted groyp

The spleen of five-week old cyalophosphamide treated
uninoculated birds chowed deplation of lymphold cells and
loosaly arranged lyrphoid agossgates without 20llicle for-
mation.
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At fiva wesks of &ge, oyclophosphianido and shesp R8T
treated group ehoved diffuse lymphedd hyperplasia. Thare
wora few lymphold folllcles uith active garninal cantres.
Focal srcas of retioular cel) hypsrplasia was also sesn.

Few lymphold follicles shcowed dAiffuse hyperplasie of lymphoe=
cytes at aight veeks, AL ton wecks, besides Aiffuse hyper-
plasia of lymphocytes, a faw small misrolymphaeid follicles
vire also prosents

Many wall defined lymphodd folllcles with active ger-
minal centres were =ean fn ths splesn of fiveewesk old
cyclophoaphanide and S. sychimuelun treated groups Lyrpho-
cytes showed diffuse hyperplasis. At elght weeks also nany
lymphnid follicles with active germinal cantree ware seen.
B81ight reticular cell hypucplasia was 3lso prassnt. DEffuse
hypeeplasis of lyriphocytes, bt no iymphold follicle forma-
tion, was goan at ten weske,

Tastostercns ereatod grouo

only & faw lymphoid follicles showing diffuse hyperplasia
vere pressat st eightt wasks in ths spleen of testosterons
treated uninoconlated groups Diffuse hyperplasia of lyophow
cytes was oloo seen in ten week old splesnc

Thers was siight diffuse proliferation of lymphocytes
in the splaen of £ivea week old testostercne treated sheep REC
sdninistered group. Facsl proliferation of reticular cells
wss glso gvident, particularly in perlartarial shaath. At
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eight weoks, mlid AlZfusa reticulsr coll hyperplasia vas
g2en and at ten weeks, o f&w lyphotd £ollicles showed
active germinal centras. DLffuse hyperplasia of lyrphonytes
and ratiquier cells was sluo Seen.

Spleen of testostercns and 8. fyphimpzdus trasted Livds
showed severs proliferaticn of lymphicid cells, forming nany
wall defined lymphold foilicles with active getminal cantius,
at £ive wesks of ape {Plate 10), There was alss a slight
dagroe of ratfzsular cell hyporplesia at eight vesks, Thers
wpre many lympholdd folliclas, scce of which ware hypertrophic.
Siffusas hyporplesia of lymphooytes and weticular cells in
tha perlenterirl gaglon was alus ssen (Plate 11). Only a few
Lymphiold focllicles, showing diffuse hyparplacia of lymphoe
Cyees, VeTe prossnt ot ten vadki.

Antiursal serum treated group

The splesn of antibursal ssrun treated uninoculsted
ducklings st ten washs chowsd many ective lymphodd fcilicies
and germinal centras. Thars was alss diffuss proliferstica
of lyrpaccytes and raticulac cells,

At 24ve wseks of age in the ¢roup dooed with antibursal
aszum end adninfetsred chasep RSC rsvezlesd cnly a few lymphald
£ollicles with active gesmiral contress At ¢4 weeks, there
was modsrate diffuac hyperplasia of ivmphocytes.

A fov Llynphotd fallicles with active gezminal csntres



Plate 10.

Plate 1%,

Splesn of tastostercne treatad S Zyphinupeium
Anoead

sted duswidngs Proliferation af
lyohold ealle. Many well defiined iyrpinid
£olliclesn with active gerninal centues.
H&B X 250

Splean of testosterane treated 3,
Ancculated dumklmga Diffuse hyperp.

of lyrphocytes and reticular cslis &n tho
peciacterlal region.

H&Ee X350



&«.ﬂvnﬁ
TR Rl
BT DB R LR T ﬁx 37, 5
ST " e ) o ,_Mwm mﬁa...\%w% " mww.%ww .«%&W RN
kS e Mwﬁx S e DAY k@ ,w,w AEE
i ..M. I ..@.%u“ o0 »W‘ﬂ\hﬁmw_‘wﬁg & Lw <0 K aﬂ.-
2 ﬁ.ﬁ«?«._&\ M\uew‘r Gz 7 e Eap ) &Mv Yoadd «
uuiJaas*\.wf..q & .»Lﬁ\@%x. W~.V\.v.¢v.m % \..aﬂhw.r.%. oA *Vﬂv&@ R WwV( 2 u.w. 4
L bR N e
4 T e ) ) S Bt T
e e e Mn PR
™ \wu...,.»brm ) .\.wn..fa:. 2 S ot v AL Jm. LAy
Gy, wit? A A e%uﬁmw\w ARG 3. 4 Ry i oy pIe
shep e/ mzéw.wwsnwu», egno$ Y m«..:.:(.r..sﬁ A a«ﬂﬂ? wnf,ﬁ,x .w.vunﬁwﬁ_ﬂm..
7l ST AL AT N
e BT B g .mm«rw.vofm G RRACED Oy AT, \%
\w&,@ﬁ?@w&g@ L N
Aﬁh&w&,a.m\mmmﬁw.m?mwmhw\wmﬁﬁ«.ﬂ.w“,m@ »M \%..W s x BHS .«Mﬁm& R .m«”ﬁ\ fo
VT S IO TS MV% , ..mm NN
e B R
BT Ntk SRSy £
anlfwuﬁnuwk\ &!Km.aw W
B AT Lt ol
GREA R

Yy
AER
NS A \ﬂ@ wﬁ.m,.. is(ﬂ-hu\&
4 YA ”Mm‘*kmwuwlﬁ mWJmM&W \\C\.n., b
3 h«@.ﬁwvv.»ﬂ. i [t 11 EAR 0 e
e T
AT w%w LELPR 1)
e ST X d E NI ::,m...t z.th.m
P LR £ e sesil,
,@%ﬁm%wm A
S e
¥ A =




313

werae present in tha spleen of five week old duckiings which
were given antiburaal cesun and S. Lyohfrwrium, Proiifera-
tion of reticuler oolls ceourred arowyd perlarterial shaath
ot ten wetka of age. Thare vas also formaticn of micro-
follicle.
gSemn glotuling

iym 8 pitaticn )

ammantum sulphate precipiteticn of globulins was
carried cut with pooled semu ganples. The protein cuncons
trations of glchulins precipitated at 33% and 40° levels of

ASS were 1.888 g % amd 5,969 g 5 respactiveiy,

Desides aroniun sulphate, sodium gulphate was aleo
upad to pregipltate serun globhulins. Tha protain concens

tration of precipitatod globulins was found €0 ba 4 g <.

got. filtration chcmabocraphy

Ammonium sulphate precipitated glchulins were concentrated



14

with polyvinyl pyerclidens (SVP) and subjected to Sepjsdex
GeZ00 Gl £4leration. Tie typloal cheemstsgran (Fige 1)
ravesled twd malin pesks for the eluted globulin fyxantions,
7he elutlon voluae for Lhe £irst peai weoe 10 wl and chat
for tha sacond peak was 20 ml.

The cluted Sraobtons of the ascending linh of the first
major pagk ware poolad and suhjectud o0 ImmuncalacktIopho=
resia using sobuds antleduck serum. Theu s Aiffase iina
extunding anclodly Szon the antigon wall was chbielned
{pinte 12}, Tho pocled senple was concantratcd wich VD
and perun an tho soms colurn (o obtalin puwifted Xgiie

roacuions of the ascending lioh of the sscond major
pock vesg also pooled end subjocted €o fmmuncelsctiopharesis,
Then o precipitation ape laqated closd o Lhe antigen wil
wys profused, indicating the promancd of IgU (Plate 13)e As
in the onse of I, this pocled sample was alsc concentratsd
with PVP and rorun ch the sano column o further pteity the
Tex3e
Beeparation of ani:iscoum

antisaza to whole ssrun, gichulin and purified Ig6 ad

X1 of ducks wera raloed in rebbigs and each aatizgnn Jes
tosted by fmminosliectvephorusis using apeoific asntigen.

Lermealostyaniorsals
Irpuncsiactrophorssis af wiole serun of ducks against
rabbiz antidach sarua produced 13 precipitatcion arcs, two
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Plate 12. Immnoelsstrophoregram of purified duchk
Ig4 against specific antieIgM

Plats 13, Immuncelectrophorogram of purified duck
I0G spainat spscific anti-IqgG. Duek IgG
upper wall and chicken IgC lower ¢
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of which corresponded to IgH and ZgC arga (Plate i4). A
£ins} concentraticn of 33% ASS pracipitated glohulin frace
tion produced zix precipitaticn arcs against rsbhit sntie
duck sezu (Plate 13}, while 40X ASS precipitated globulin
formad ten arcs of ptecipitaticn. Sodfum sulphste pracie
pitated globulin cu the other hand produced 13 arce sgainst
antiduck sarum reised in rabbit. On immuncelectrophoresis
of 33% ASS precipitated glohulin against zebbit entiduck
glchulin, tuo bold preoipitation avcs were obtained, one
extending £ran the wall anodslly and the other sasn cloee
to ths anticerum though end extanding on either side of the
antigen wall, Sasides thass, four faint aresa wore also
seon, ettending ancdally and these merged with the above
twd arcs qathodally (Plate 16).

Duck bile on irmuncelectrophorecis against antiduck
secun raised in rabbis, producaed a single precipitation are,
extending anodally from the weli {(Plate 17),

A precipitotion are estending ancdally, directly from
the antigen well waz preduced by inmunselectrophcrasis of
purified IgH against hyparimmune cerum radsed in gabbie
{Plets 12). Purdifisd IgC produced a precipitation arc close
to the anticen well sgainst spesific hyperirmune sanum
(Plate 13), Immuncelectrephozesis of chicken IgS against
1ts antieIgC revealed that this arc corresponded with that
produced by chicken Ige (Plate 18),



Plate 14, Imuncalectrophorogran of Auck sexum
against antiduck serun, showing differsnt
ares of precipitation






Plate 13, Yomuncelectropherogram of dusk globulin
agoinst antiduck serua

Plate 18. Iomunoelectrophorogrem of duck globulin
¢ againsct antiduck globulin



Plete 17, Irremosiectraphcozogran of duck bile
against antieduck serum

Plata 18, Immuncelectrophorogram of chicken and
duck IgB sgadnat anti-chicken gl
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Zazyn protedn
Tota) secys proveln concentraflon in nosburssctomiseq
ond tursectcnised ducklings

Pooled semz samples from noheburseciomised {control)
&nd bursectonised ducklings of one €O tan weaks of sge wers
erssyed for total protein coneentration, the values of which
&Ye presanted in table 12 and graphically raprassnted in
fige 3. Dursechony was parformed by surgical, chemical or
hermonal mathods, or by using antibursal serum.

g wao Zound that in tho nonelagssctonised ducklinga,
the highast isvol of soxun prezain (4.313 g %) was at 8th
waek of ags and that the lovest level (1,813 g %) was at the
ist wesk. 7The cerun protein lsvela in all othar wesks fell
within thees caonges,

In the surgically huwicectomissd group of ducklings,
the highess seryn protein value was found ¢o be 4,313 ¢ %,
Hane ay that of the cuntiol group, but tha mavimun serus
protedn leval was obsarved bath at ths 7th and 8th waeks of
830,  The minimum value of 0,938 g % wae recorded in the
203 week, which was less than the minimyn asrum protein
lavel obesrvad in the control groups

Cyclophoephamide treatad group of ducklings showed a
makimm sszun protedn level of 4,0 g % in tha 7th waek,
which w28 lass than the maximay level £for ace=matched cone
tral groupe The minime level was 1,813 g <%, sintlac to



Table 12. %Zotal serum preieins in nonsburosctionised {ecatzel) and bursectonissd Suckiings
from 1«10 weaks
Total ssrum proveins (g %) ot wasks
Treatmants
b} 2 3 4 S 1] 7 8 9 1%
Centrol 1,813 2628 3,500 36375 3.250 3,125 34830 24313 3.438 2.500
Shixe 16990  TeB38 2,063 24183  3.125 3375 4a3E3 £.313  3.8% 2,063
<y 1,538 1.813 3,813 2,435 2,863 3,053 4.000 3813 340 2875
? 2:138 14688 3,125 24250 34375 34125 30500 5375 4625 2,563
ABY 3e000 14563 £,563 26313 3250 2500 24625 2313 2.438 2.875

A9
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FIG 2. MEAN TOTAL SERUM PROTEIN CONCENTRATION IN

NON~BURSECTOMISED @ BURSECTOMISED DUCKLINGS

AGED 1-10 WEFKS
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that of tha ccatyol group, but ¢his mindmel value was
recorded at the 2nd vesk of age while it was seen 4in the
£érat wock in the control grovps

The testoasterens trasted group ahovwed a maxdmum ssxums
pratein devel aof 5,373 g X at ghe Sth week, fcllowed by
4,628 g % 4n tho 9th weselk. Too rindoum value (1,683 g R)
aeen 4n the gecond week of age was less than that in the
contrel greup.

In the antilburasl secum tEeatod group, the naxionn
serun protelin level (3425 g 99 uag obuezvad at 3 weeks of
agay which was lesy than vhe maximan lswel for eontool and
cther breabment groupds T mintmm leval vas found to be
1,593 g *3 ot 2l and 3048 veoks of ags, wWhich was alac less
than that cf the conerol.

ropny the burscatanised guoup3d, She maximm level of
parum prokoin vag obsdsved 4n the testostercne Lreatad group
{5373 g %) and the minimym level (2,938 5 %) 4in the sucgle
cally buresctomised group (Fige 2)s The maximum SEXUm DL~
tein leval was observad at the Bth weak of age in the con-
trol, surgically burssctomised and testostercns tveated
greups, whareas in the Op treated and ABS treated groups,
the maxioum lavels ware sesn at the 7¢h and Sth weeks rane
pectively. From the table 12, it could be seen that the
serum protein levels at 10th weak shawad a decline 2n all
the groups axospt ABS group.



tiean total sexum protain values in non-burssctonised
and bursectomisad duaklings afesr incculation with s/
8o typhimpium ars givan 4n table 13 and Fig. 3«6, The
centrol hirds 4n this case wers noneburssctomised ducklings
incculataed with either 53¢ {CSR) or 8. Lyphimupiug (ost)
Durssctomised ducklings formed the trsatment group in this
expardment., B was performel by any on2 of ¢ £our methods -
ourgical [8BR), chamdoal (Gy), hornonel () of Ly sdninistras-
¢ion of antitesal serum {N53).  aimilar €0 the cantols,
the Hursoztanlsed groups were aled inodcuiated with sSieC or
Be gyohinugrium, Ths inoculaticns wers donie an tha 7th
{group I3, 28%h (gyoup IT) or 42nd (group XTI} days of age
and ths sexum protein valuss ware dstermined on 7, 14, 21
and 20 dsys pesteinoculstion, 4n asch groups

8 1 don

The higheat valus of msan total seum protedn concet-
tonition of Osit ducklings was sxen ia gToup 3T €4.313 g %)
and &he lowest 4n group IXI (3.0 g %), whilc 4in croup X, an
Lntermadlery lovel (3,375 g ¥ was asen, In ¢St duckldngs,
maxiromn servy protain value ves observed in group X (4,0 g %),
Scilowed DY group IT {3,7% g ) and group XIT £3.625 g %)
{Teble 13).

among the bursackomised dusXlings, the highest concens
tration of serum proteins (5.688 g %) was noticed in group IXT
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Table 13, Total semamulg %) iAo nanshurssctanisad and parssctonimed duckliings of 3 age
groups inceulated with SREC/S. tynhimmeswn
Trostment Group ¥ Group II Croup IXT
Pays afier
incculation ? 34 22 28 7 14 2% 28 7 4 21 28
csn 3,375 32325 Be375 4.053 de313 44313 34812 J,313 I.000 3,000 2750 4,013
csk 4,000 3813 3,375 $4588 P50 0425 44180 4,683 3,625 G4SN0 3,378 4,083
Sax3R 2,188 24625 24625 3,625 2375 2625 3528 34625 2:,875 2.B75 34265 3,340
snx3t 1,930 24438 34075 34125 3.250 44813 3813 40313 3,375 2.438 2,188 3,375
Cy3R 26230 34813 52250 4e313 G083 54250 6.500 34375 64375 44000 44125 4,270
cyse 3525 44838 TlBB QeB83 30625 €313 3.1E5 34123 L6838 64000 6250 64250
TR 20875 30125 30240 34375 3,200 34370 .00 3,645 4350 2133 3,813 3,918
38 3375 2875 2,838 3,813 AuBL0 24878 4409 4.438 Je625 24430 2,125 2,878
3SR 3780 2300 2875 4,563 o875 34813 3313 JeBU3  JolT  Ju625 JeITS 3,625
NG 24875 24325 44063 44383  6.503 4,813 4.BI3 44313 4213 2,188 4.063 S.000
Geoup T - Antigen lnoculated at Cay 7

Grzup IT « Antigen dnccalated st day 28
Group ITIe Antigun {ncculated ot day 42

ot
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FIG 3 HISTOGRAM REPRESENTING MEAN TOTAL SERUM PROTEIN CONCENTRATION 1N NON BURSECTOMISCD
AND BURSECTOMISED DUTKLINGS, TDAYS AFTER INQCULATION WITH S RB ¢ / S typhymurium
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of Cyst and gpoup IT of ARST and the lcwest value in group I
S SExSt (1.938 g %) (FiAge3).

In group I hupsectonissd ducklings sdninistazed SREC,
the higheat lavel of maan serua proteln was 3.7%0 g %, in
ABSR and thy lowsst lavel vas 2.188 g %, in 5B x 5k Come
pared £o CSR group I, cnly ABSR showed highex protein level
while SBaSR, CySR and TSR showed lower lsvalss In ggoup II,
the mesn sctal senun protein concentration renged 2zom
44063 g % (Cy3R) €0 2,878 ¢ % (AnSR)., Dut in comparissa
with CSR gzoup IX, all the bursectomised ducklings givan
SREC shcwed lower serum total protein valuss In group IX.
CySR pevaniled highest lavel of protein in group iXX (6,373 g¥),
while ths lowest levsl was ssan 4n 3BxIN (24578 g %) Only
SBEOR hadl lowsr peotedn level compared ko SR group i,
while Cys3, TS and ABSR showed higher levals. Comparing
gzoup I to IXI5, group XX duckiings snowed highest levels
of sorw proteine in Oysa and TSR, while in 90xsRk, group IX
and 4n A3SR, group I, sncwed highest levels (Fige3).

Salrmonells typhiourium incculated burssctomised ducke
lings of group X revealsd highast serus total peotein lgvel
in Cy3t {34325 g %) and lovest level in S35t (1.933 g D

On compardsen wirh C3 group I, 2l the burasstomisad Guche
ddngs hnd lower sagum protein values. Croup 1Z hursactomised
dusklings anowed a asrdn probedn level ranging Lrom 6.688 g %
{ABSE) ©o 3.250 g % {SDxst). Corpered to CIR groyp IZ, only
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ADSt hsd higher protein levels, while SHxSt. and TSt had
lovwsr levels {Fig.3). In group IXX, S, typhirueium inocu~
Jated ursestomisad ducklings showed highest level of serum
protatins (£.688 g %) 4n CySt and ths lowest level (3.375 g %)
in sBx2St. In this cass, higher serum protein levols than
that of CSt group 11X warg obsarved in CySt and Alst, while
TSt showed comparable level and in SBxSt the level was lovar
(#ig. 3},

A ccrporiecn of the thraa groupa in S. Suphimuriuym
incculated and bursectonised ducklings revsaied that group IXII
had highest levelie of sexum protains in Cyst and SBxSt, while
in ABSE, group IX hod highest level, 3In 95t, both groupe IX
end XIX shousd identical high lovels, which were greater than
that of group I (Fige 9)e

At ! O]

on the 14th day pasteincculation, ¢he mean total serum
protein of CSR group showed the hicghest valus (4.313 g %) 4in
group IX, and the louest value (3.0 g i) in group IXI.
Group Y shoved an Antarmsdiacy level of 3,125 g % In CSt
duckiings, maximan sarum protein levals ware choerysd in
group IIX (6.500 @ %), followed by group I (3.813 g &) am
group X2 {3.125 g %) (Fige 4).

Among the bursectomised ducklings, the highsst concene
tration of totol sorun protein was noted 4n group IZX of
CySt (6.0 g %) and the lowest value (2,188 g ) in graup IXX
TSR and ARGk,
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In 538C $ncculated bursectanised ducklings of group I,
thr maan serum protein vslues from highest to lowast wece
in the following ordery CysR (3,013 g %), TSR (3,135 g %),
SHNSR (24625 g ¥} and ABSR (2,50 g ¥)e Of thase {Iw valus
Of OySR wes hicher ¢than that of CSR group X, while that of
TSR wee afmilar to the controle In group IX, CySR showed
a maxiown serum protein level of 5,25 g %, followed by ABSR
(6,513 g %), SBXSR were higher than that of the control dutke
1ings of the sams graup, Croup ITY bursectomised ducklings
had & naxioum senyn protein concentraticn in Cysi {440 g %),
followed by ABSR (3,025 ¢ %} These vaiuss wers greatsr
then that of the contxol (3.0 ¢ We. Conparing all the thres
greups inoculated with SRBS, group YZ showed hichast values
in all the bursectomised birde, followed by group III in sll
caage exxopt TSR, whers group I value was higher than group IXX
vaiuss (Tadle 13 aud Pig.d)e

Burssctonised and S. Lyphimeeiur fnceulated duckliings
of graip I vevesled a sstun protein value higher than that
G C5t only in Cy3é {4.095 ¢ “), thile the lomsst value vas
gaen 1n S2aSt (2,432 g We In group IT &eklings, higher
senEn piotein concentraticn then CSt group IT wan chaerved
4n SBaSt (90013 g ¥, ABSE (4813 g %) and Cyst (4.313 g %),
T5u recsrded a lower value (2.875 g X) than controls All
the treated ducklings ooaing under aroup TIX ahowsd lower
acrym protein valuas comparad to CSt of same group. Amang
tha g2oup XIX traatsd hirds, the highest serum protein value
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was sesn An Cyzt (6.0 g %) and the lowast in anst (2,138 gX).

Comparing ths serxum protein values of the thres groups
treated with 3. gyphimuetyn & highes vaius fox Jroup II vas
found 1n SBxSt and ABSE, while the protein valus off group ZIX
vas hicher in Cyst and in 158, hoth group I and II vaiues
were idsnticsl,

DvantyaFirst: day posteincculgtion

on the tusntyefivst day post=incculatisn, the mean
total aserum protein of CSR group IT showsd hichest value of
3,613 g %, followed by group I (3,375 g %) and group IIT
{2750 g %) In C3t ducklinga 2lmo, the masimn tchal serum
protein was in group IT (4.168 g %), wheareas the groups I
ond IIT showed sane values 3,375 g 29 (Teble 13).

Among the hurscctonised duskiings, tha highest concens
tration of nean totsl serum protein was noted in group I of
Cyst (7.188 g %) and lowest valus in group 1IZ SBxSt
{2138 g %)«

In 9NBC inoculated bursectamised hirds, group X showed
total serum protein conzentration 4n the rango of 5,250 g %
€0 2,028 ¢ Y, tha highest valua being 4n CysR and the lowest
in SBExaSR. Amemg the treated hirds, only CySR had a value
highar than that of CSR groun X, The zange of total senm
pYotein £for grovp 3X wea firom 6,500 g % (in CysR) to
34313 g % (in ADSR). In tha treated hivds of this group,
only CySR and TSR shoved valuse higher than that of CSR
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group IT. The highast total sarum protein level in group IXX
was shown by Cy3 {44125 ¢ X) and the lowest by S5BxSR

(3265 g ¥)e ALY tha four tr¥atment groups of Saxsh, CySR,
PER and ABSR unded group IIT hed hichar ssrum protein values,
corpared to S group IIl.

Comparing all the threa groups Ancculated with S’DC,
group XTI shiowed higheat serum protein walues in SOxSR, CysSk
and TSR, folloued by oroup 2T An SORSR and THRe In ABIR,
the highost valus was shown by group Iii, while dn CySi,
geoup IIT had Sho lowass value {F2q. 5).

among Se Syptdouziym Ancculated bizde of group X, the
highost total serum protein value was shown by CySt (7.188 gb)
and the lovast by PS5t (2.438 g %). OFf the different trest-
nents in group I, Cyst and ADSt showsd highar protein valuss
then €Nt gravp 1. In group IX, the esrum prctein values
zang6d £Eon 44813 g ¥ {dn ABSE) €0 3.125 g % {4n CySth.
Capared &o O3t group IX, only TSt and Ahst hiad highow
veluss (Fige S)e The stzun protein rangs in group IIT was
from 6230 g % {in Cyst) €0 24198 g % (in soxos), Cyst and
AnBt duokiings shossd greatar gman ssrun prsteln levels
comparsd o tha OOt group ITX.

In the cace of J, gyphimurium incculated buscectomissd
ducklings, group LY revealsd higher secun prctein lovels 4n
ARSE, TOt and SBxSt, compared o groups I and X3iX. In CySt
dueklings, group IZ valus wag the lowest end group I value
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the highast, In ABSt, groups I and IIX ravealed the same
values of 4,063 g ¥ {(Fig. 5).

ToaniyeeAchth doy posteincoulotien

T higheat wsan serun protein value in CSR an the 28th
dsy past-inoculation wvas acordsd in group FIZ (4.613 g %),
and tha lowest in group I {(4.068 g %), Group 3T of O3RN
xecorded gn intemaediary value of 4.313 g %, In Q0%,
groupe T and IT showed high total pooteln valuas of 4,433 g%
and in group IZT the value was 4,063 gi, aimilaw 4o CI1
group I (Table 13).

In bursectomised duckliings incoulated with S29C/3.hvphds
myrdun, highest concentraticn of toeal oenun protefn as
obsezved in greupy 21X of CysSk (6.3%0 ¢ ) and the lowvest in
TSt group IXII (2.975 g %)

anong the ursectonised ducklings inoculated with SrBC,
ths totel asrum protain values of group X waxe® in the range
08 4,883 g % ta 3,375 g %, the highast value being in ABSA
ard tha lowest in TGR. Comparsd to CSR group X, CyGd and
ABgR sheved highsy seran protein values, In grosp IZ, the
total soTun protein level rangXl £ram 3,848 g o8 (4n T2Q) to
3378 g <% {dn CySR)e R11 the four teagtmenys in group IX
onowed lesser protedn values than CSR group 1Xs Group I1X
of SRBC Ancoulated hurssctomissd ducklings racordwd s serum
protein range of 270 g % {in CySR) €0 J44340 g & (4n SBRSR) .
Simidar to group IX, in group IIX elec ol tha four treatwants
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gavenied Igwer levele of scoum protain, cospared €0 SR
group 12X

03 gonpaping the thees groupe of burssctoaised ducklings
glver SREC,; group X of ABSR and Cysa zecordsd hicher serum
protein values than other geoups, while 4n 98xSR, ¢roups X
and IIT showed eguml values, In TSR, group IIT was having
hicher protein leval compared 0 the atber two graups (Fig.d).

In the Se $ypirusivn dnomluted burvssctomised biras,
the bignast, vslud of toetal serum protedn 4n group I vas ssen
in RugE (£.663 g %) ondl the lowast vealue in Soxst (3,125 g #).
Cempared to €5t group X, sll the treatmants unfer burssctondssd
groun I had lowow protodn values, In group I, the hichase
tatal sexunm protein lavel was fecordad 4n ABSE (44813 g 0
and the lowest in Crot (3.123 ¢« Only ABDSE shoved higher
protein valus compaed €0 OS¢ graup Il. The oean sarun
protedn lovel in group IIT rengsd Srom 06210 g € (In Cysle)
to 2,878 g % (4n 738}« Only Cyst and AB3L had hionar protedn
valuse, compared £o €56 group 1T,

A comparison butwesn the thres groups of S. Lyohimuzius
dosculatad bixds ravealed chat uroup 31T hed highar proteln
valuas in CySk and ARG, watle granp IT ohowed high valuss
in SBxSt and TS5t (PRgeS).

- d oy
u 140 2aseck gatdbody againgt
&) ::1- ratdan

Se Syphimuziwn antioen was Incculated so nonebursictonised
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{control) and burssctonised ducklings on the ssventh (group I):
20th (group 11) or 4204 (group LIT) days of age and the agglue
tination titres were determined from pooled sarwn sanples,

en days 7, 14, 21 and 28, posteinogulaticn. The results axve
given in tabla 14 and represented by histogzams in £4gs8.7-10,
The titras were exprezsed as the reciprocal of tha highest
Allutdon glving complete agglutination,

8 3 an

on saventh dsy posieincculation, the rwan antibody
titrs in contrsl group I was the highest (1024) fallawed by
the groyp IT and IIT (512 esch) (Table 14) .

Amcng the burssctomised ducklings in shx bixds, only
group I had any antibody cites (32), whiie no titre was
obcezved in groups X and IIX,

In Oy treated ducklings, group I titre vas higher (32)
compared to group IT nitre (8), while group IIX 4id not give
any sntibody titre.

Testosterone trasted ducklings showed the highest antie
body titre of 32 in group IIZ, followed by a lower titre of
8 in group II, while group I failed to shww any titre.

Antibursal serun aduinistersd bidds gave an antibody
titre of 54 4in group IT only, while no titre was obtained
for both groups T and IIX (Fige 7).

The hichest antibody titre among the bursectomised



Table 14, Antibody titrsr in aoo-bhurssctomised and burgectoained Guckiings inoculated
with S syphisurige

Treatmnt Group T Greup 1 Group IIX
Days after 7
1 Y phr i p 21 28 7 14 21 25 7 14 22 28

Control) 1024 2048 102¢ 1024 S12 w024 102¢ 024 512 1024 1024 2048

s8R - 71 28 128 32 32 o4 32 - 21 32 32
cy 32 32 - - ] 128 32 - - - - -

T - 255 256 54 8 64 32 32 g - 32 128
ABS - 128 128 12a 64 128 128 64 - 128 &3 8

* Thas titres are expressad as the reciprocal of ¢ha
highast diluticn showing complete agclutinstion
Group I - Antigen given on day ¥
Group IX « antigen given on day 28
Group IIT - Antigen ¢givan on dey 42

(149
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ducklings wss in group IX ADS and the lowest in greup II Cy
and tastcstercne trosted bizds. ALl these titre values
vere vary low, compared to the valuss abtained for all tha
thrae groups of the control.

A A 3

In noneburseckorised birds, cn the idth day post~
incouiation, group I zoveaisd mosdrum antibody titrs of
2048, while groups IT snd IIT showed the same titen of 1024
(Table 14).

Arong tha hursectonicsd hirds, the highest titre (250)
was shown by grouwp I of tastostercn® given duckiings and the
lowest titrs (8) by gooup ITX of SBxt ducklings.

In SBx dusklings, qroupy T reccrdsd the maxtimun titre
{84), followed by graup IT (32) and group IIX (B) (Pig.S).

Cyalophosphanide treated Susklings showed the highest
titre of 120 in group IT and the lowast of 32 in group I,
while group 11T falled to glve any titrs.

In testostarons trgatad hirds greup X gave the hicghest
titre of 256, followsd by group IX (64) and ne titre vas
cheerved in graup IXX.

Antitursasl serxum adninistozed duchkiings showsd tha same
titre of 128 4in all thras groups,

Ag in the provicus cass, hors aleo all the bursectomised
ducklings ahovwod vesy low titres, compared to the controle,
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Trantytirss 4 o 2

In nonebucssctonissd ducklings, ail tha thres groups
ancwad the same titra of 1024 (Tadble 14).

Anong the bhurssctondsed bixds, tha highest titcre (256)
was in geeoup I of tastosterans treated duoklings and the
lowest titre of 32 was seen in 598x group IXI, Cy group IX
and testosterone groups IX and IIX,

In oBx ducklings, the matimun antibody titcs vas
1238 in growp I, followed by 64 in group IX and 32 in
group 21X,

Cyclophosphanide treated bicds showed a titre of 32
in group 1T while both groups X and IXX did not give any
titre.

In teatostarcne given ducklings, the higheat titre
{256} was in group I, whiie the groups IT and XIX shared
the sane ticre of 32.

antirursal serun administersd duskliings revealsd
ddenticei titres of 128 in guoups I and IX, wiile group 1IT
shoved 3 lover tiLre of &4,

Cn 21 days posteincculstion slse the titres of
bursagtomised hHirds wers far below that ootainad in cone
trol duckiings (Pig. 9.

ot} £33 wd 11

Nenslursectonisad duckiings on 28th day postwinoculation



Antibody titre
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vevealad the sane antibody titres of 1024 in groups T and
I%, while group IIZ had & titre of 2048 {(Table 14).

Gzeup T of SDx and ADS treated and group IIX off tostow
gberone given ducklings gecorded thw highaat titres of 128,
while group IIT of AUS had the lowess titra of D.

In 882 duoklings, group I had &ho maxiemms tiore of
128, while idencicel tivras of 12 wspd givan by otoups IX
angd IIX.

Cyclophosphamide treated bDivds Ald nok show sny antis
hedy titre In groups I, IT ond IIX (Pig.10),

Testozterone administared duckiings showsd the highest
titre of 130 in group ITXI, folivuved by group I (64) and
group 2T (33)e

In Quokiinos given sntidusrssl samus, the antibody tiszes
were in the following ondams gresy X 4188, oroup IX {44)
and group IIX (8.

conmpared to the contrel graups, ducklings of sli the
bursactonissd groups hed very lovw antibody titgas.

b) Shaep red blood cell sgglutination to detect herolvain
Antibody titzes 4n SREC Jinoculated nonehurssctonised
and bursectomised ducklings wers dstermingd {zan poolsed
searum samples, on 7, A, 21 and 28 days posteincculation.
The antigen was inoculated at day 7 (group ), dsy 28
(group IT) or day 42 {group IX3). The rasults obteined
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are presanted in tabls 15 end repressntad by histograms in
£ige. 11e14, The titres ware expssaned as the reciprocal
of the highest dlluticn giving complate agglutinavion.

Ssventh day postminoculsticn
on seventh day posteinsculaticn, the higheat antidody
titrs syainat S2BC 1in non~bursactomised ducklinga was in

group IIT (512), £olloved by group IT (255) end grawp 2
{31334,

Among the agetondasd duekidngz, group ZiZ of testow
sterane Lzoaled end guony T oF AR3 tzected Auchlingo nsd
aha Dighess tduxe {123}, uhile the lowast tihre (0} Jas
seen An group III of Cy end group I of veastastazone treated
biz=dgs

In 98 duakiddang, gooun XTX hed highast titrd of 64,
Zollowed by group T €323 and gragp XX (26).

Cysloohaarhnmita created duckiiags revealsd 3 matimes
antdbstr 5itro of 32 4n groap XY and 2 ndndwm titre of 8
in group I1Z. Group I showed sn intogmadiary titre of 16,

The antibody titnes aivan by tsstastadens given birxds
wora ia the following ardems gooup IXT {1281, gzoun XX (32)
axt group T (8).

antiburasl sexun administernd ducklings Zecozdad ¢he
maxdrum gitve of 128 in graup X, whilz grour I and 11X
shaxad the asme titre of 32,



Table 1S. :s?muboay titrer in nonsWirsectomiged and hursectomised ducklings Insculated
A4 4irdsn

a

Treatoent Goowp X Group i Group ZIT
Days after 7 7 ¥l 7 2 8
14 21 8 4 2 28 14 2 2

coantEold 2 256 2BS 512 256 512 12 512 $32 256 258 256

3335 4 32 32 3 & ie i 32 54 Gl &4 63 &4
Cy is 32 15 8 32 128 3z 8 8 - - -

T 8 64 128 128 32 £ 128 123 123 .2 64 1%
ang s 258 256 256 32 15 16 15 32 32 32 1e8

* The titres are expressad as the reciprocal of the hicghest &llution showing
complete agmlutination
Group 3 - Antigen given at day 7
Group XX -« Anticen given at Qsy 28
Group IIX « xatigwn given at day 42

Y
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FIG 12 HISTOCRAM REPRESENTTNG MEAN ANTISODY TITRC IN NON BURSECTOMISED &
BURSECTOMISED DUCKLINGS 1th DAYS AFTER INOCULATION WITH SRBC
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FIG 43 HISTOCRAM REPRESENTING MEAN ANTIBODY TITRLC IN NON BURSECTONISED &
BURSECTOMISED DUCKLINGS, 21 DAYS AFTER LHOCULATLON WITH SR8C
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FI1G {4 HISTOGRAM REPRESENTING MEAN ANTIBODY TITRE IN NON-BURSECTOMISED &
BURSECTONI SED DUCKLINGS, 28 DAYS AFTER INOCULATION WITH S R B ¢

. Group I Antigen given at day 7
D Group II n 28
Group  II1I a " 42
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On comparing with the conbrol groups L o IXX, all
tha bursectomissed ducklings ravesleld veary low antibody
ritres against S0 (Fig.11).

r nth & .

The ncoeburcectonised duokiings at 14th day poste
Inoculatisn revesled anti-SREC titres in the Zollcwing
order: group IX {512) and groups I and XIX (236).

I3 dursectoudlced duwokiings, tiw maxioun citiw was given
by ARS grosp I (246} aud thw mindmrin by gooup XX OF D0 and
nps {16},

My SR Susddings, group IIT had maxirun titre of 64,
folioved by group X {32) and growp 2T {18).

Cyclephesphenide given duoklings showed the mamimum
titne 68 143 S4 gguap A2 and the oindmen of 32 in grouwp I,
uhile no Likze wvas chiained in group IiX,

Daghcoberand teeatod duckidngs ravsalied the sane titre
(54) & osll ¢hR BAKGG YAGURYe

Ancibugosl saren sdmindstored dusklings resorded a
marderys Sdiog of 256 4a group T, xollowed by 32 4in group IIX
20 14 in greus 12,

In campazinon with ¢ha contzol groups, only graup X of
ARS showed the same anbidbady Litre as groups X and II2 of
conteal, whild ald che other Locatnsnta had vexy 10w titres
(Fige 13)e
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Zwentyfirs; doy posteinoculation

on 2%at day posteinogulaticn, noneburssctomised ducke
lings revasled maxioun sntibody titre in group IT (512),
vhile groups I and IZT had the same titre of 258.

Ameng the burssctomiged bizds, tha maximum entibedy
lovel waa in group I of ABZ (258) and the pdnimam {(16) in
group I of Cy and group IT of ADS treated ducklinge.

Surgically bursectonmised ducklings showed highest antie
body titee {84) in group IIY, while groups I and IT shared
the saxa titre of 32,

In cyclophoasphanids treatad duoklings, the maxioum
antibody titre Of 32 was in group II and the miniman of 16
in group I, while group III f£24)ed to glve any titre.

Testosterone adntniegered ducklings showed similer
sitras of 128 in groups I and XX, whereas graup III showed
a lower titre of 64.

In ABS treated ducklings, the highest antibody titrs of
256 was In group I, while lower titras of 33 and 16 were
pecordad 4in groups IIL and IX raspectively.

As in the case of 14 days posteinoculation, only AnsS
group T had conparable titres with group I and IiX of cone
txol, whils all the rest had lower titras (Fig. 13).

h : [}
Nopwbursectomised ducklings at 20th day posteincoulaticn
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ravealsd corparable maximam antibody ticras of 512 in groups
I and I, while group IIZ had a lawer titre of 256,

Aoong the hurssctomised duoklings, group 2 cf AD3 troake
ment had the mexiwus titre of 355, widle groups ¥ and IZ of
Cy treatment hed ths minimam tiere of Ba

In supglcally bursectomised ducklings, antinhody tigres
in all threz groups ware the sane (64).

Cyelophesphanide administersd hirds showed vary low
antibody titre of 8 in groups I and II, wiessas guoup IIX
414 not giva nny ticre,

Testostezens treated ducklings reccrdsd a maximun antie
hady tltre of 123 in groups I and IX, while group IIT had
a wery low titre of i6,.

Antituresl serum givan ducklings had the highest lavel
of antibody (255) in group 3, f£ollowed by 323 in (roup IIX
end 16 in group (1.

vhen compered with che control groups, oniy ADS treated
group T had identicsl titus wish contyrol gzoup IXI, whille
all oshers had louver ¢isres (Mg.14).

quanefiatton of trmuneqlabuiine

Frecipitation rings ware formed arcund the weils
charged with test sampies ond inmmcglcbuling of known cone
csntrationn, Depending upan the quantity of immunoglobulins
prseant in she antigen well, differsnt ring dlamstora were
obtalned (Plate 19),.



Flate 19, tenoind's single radial fovuncdiffusion
tast showing dAifferent mmnes of
procipitation
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Tho mpasurenensc of diamcter of precipitesicn ring
formed sround tho antdigen wells charged with kmovn goncen=
trations of IgG and igM showsd divact relsticn with the
ecncentyation of the antigans. Thase valucs ware used for
gonstructing standard cuzva and 1t gave a straight line
zelationship. Using this scandszd curvey tho lewalo of Ig¥
ar IgG in seva samples, bile and egy yolk wors assosaad.
The values ara glven in tablez 1G.21.

sntration of Iud in sorum of noneburssstomieod
T3 A _ducklinas

The coneontTatisn of IgH 4n pooled serun sarples fram
noneburpeotomised (conteol! and burssctonised ducklings of
one to ten weRks Of age ware quantitated by Mancini's eingle
vedied iremncdiffunion tests Tha valuss odtainsd are pre-
sented in teble 18 and graphically rapragented in fig. 1S,

From the Sable values, LC wes found that in the ko
hursestoninad duckiings, the highast concantration of Igh
{44275 mg/ml) was at the elghth wesk of age and tha lowsst
aved (1.0 mg/m)) wan at tho thixd, fourth and Lifth weeks.
Tho Igh levals in all cthar vesks fell within these ranges.

In gsurgically buresctonissd (SDx) group of duckiings,
the highsst concentration of gorum Igfl was found to be
50 m/ml, dn the 10th wesk, and the lowest lavel wos
0,35 mg/ml 4n ¢hizd waeks The levels of Igd in firsk,
gecend, (hdrd, fourth, saventh end eighth weeks wera less
than that of the control (Table 16).



Tabla 16. Semm concsntretica of IgH in noneburssotosmiced (contrel) and burcsctomisced

Auoklings £rem 1 ¢o 1D wesks

IgH
oz Concantration of Igi {mg/ul) at wasks

1 2 3 4 S & 7 8 9 n
Contpal 24750 1,500 1,000 1,000 1000 3.278 3,525 3775 24750 3.025
sp: 1992 3000 042850 Q2725 o850 4025 3,023 2e0Z3  da550 S.000
Cy 1225 0a735 1.730 24730 2eTED  de2T>  Q.273 3,025 2,750 3,028
b 24300 170G 142235 1800 14500 34525 2.7%0 3.525  3.275  S.300
ABS 253 2,750 3.525 3.028 24000 S4850 3525 30275 4025 5.55%

6ot
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Cyclophasphemids treated graup of ducklings showed
maxdrzn IgM lavel of 4.275 mgy/ml 4n sixth and sevanth weaks,
which was highsr than the IgM lavel of condtrol ak the sanw
aga. lauest IgM level was 0,725 mg/nl, chaerved at second
vesk, end was lesg then the lsvel of ageematchad cantrol
{150 mg/ird),

A maximum IgM concentration cf 5.8 mg/ml and s mindwum
of 1,225 mg/ml were noticed dn 10th and third weaekas of age
respectively, iu testostarsre treated dusilings. These values
vére highoar than that of the aue matehsd contrals in which
the values were 3,035 reYml and 1.0 mg/d respectively

In the anciducnsl casun bfsaknd group, neximum IgM cone
cantraticn (5455 og/il) was obaezved in afzxsh and Gsnth weeks
of aye, which were higher than that of the controls of the
az@ age (34278 ng/nl and 3,020 ng/mll. The minimun conoens
tration of Igf3 was found to he 2.0 my/ml, at the £ifth week,
vhich was alsc higher than that of the agesmatched control
(240 m/ml)s

Among the bursectonised group, the highest level of
gerum Igt (5.8 og/ml) was choerved in SBx and testoaterone
treated duoklings, at the 10th wealkt of age (Pig. 13)., Maxde
rama XgM level was cheerved st ths eighth week in control
{4.275 m/ml) while 4in Cy treated ducklings it was seen at
sizth and sevoenth waska (4,273 mg/ml) and in ABS tveated
group at ¢he aixch and tonth weeks {555 ry/imd). A it 4s
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pressntcd in table 16, sexum Tgi levels of the contzol ard
212 the buskectonisad grouns arpept ABS group, weze high in
the #orst weok and thereafier dsolinsd upto the thizd waek.
In tha caso of ADS treated ducklings, there wasz a gradual
rise in IgM concentration from the fizat (2,8 mg/ml) to the
third {3,525 my/ml) wask,

Tha maal gerun gonduntrablion of TY! in non-urssctomised
and dursechonissd duckiings aftar incomlation with onng/
Be Sophimmindon ars prusanted dn teble 37 ead repregented Ly
histagran (Yice 26-19). As da tho 0220 of £okal SSDUN Proe
toln dotexmitetion, hore alza thars uero thuice gruupd.

Seventh Qav postrinoopistion

In CSR; the Lighest valuw ©f IgM was fowsd in geoup IIT
(34525 mi/sl), follcwad Ly grouy IT (2,625 myfnl) and group X
(275 g/isl)e  In CS% alsc highest concentration of IgM was
in group LIZ (44275 m/ml), while groups I aad IT ghowed
ddentica) levals of g (2.5 mg/mi) {(Table 17).

Among the harasstonissd duckiings, group 3T of CyaRk
recopded manimea IgM level {(5.08 my/mi) whiie grogp IIX of
Shtt zecorded the ninimy level (1.3 my/indde

Shaep RIT incoculatad hurstctarnised dusklings of group X
amaled oo IgH devel (3,025 rng/ml) 4n 58xS7, TER and ABSR
and thia leval was grestsar thsn thwms of CSH group I In



Talle 17.

ducklings of 3 age gro.ps incculated with SIBC/S,

Carun concentraticn of IgH (mg/ml) in none-bursectaeicod and urssctonised
syphimuzion

Trectaent Czaup I Group 1T Gzoup IIT

;’;g: uiﬁiiia 7 14 21 28 7 24 21 28 ? 14 21 28
O5R 22750 5,050 5,050 4.800 3,025 44275 3Je775  Se550 54525, 4.275  5.050 34525
cag 2.500 23750 44025 4¢550 20550 4275 44550 5.050 44275 42025 4,025  5.300
SOxSR 34035 34025 34023 34275 3.025 3,525 4500 34025 2.500 2.500  3.025 3,525
soxsh 20750 44025 40025 54550 3775 Ge550 44550 44550 14500 3.025 2,750 2750
CysR 2500 2,500 34525 4.550 5,050 54800 5.800  5.075 8.025 44025  4.025 3.02%
cyst 20753 3,325 34525 4275 4.000 $oT00 44553 44025 2.030 5350 3,525 3.525
TSR 3.025 4.025 4,550 44550 2,300 44025 44025  3.525 2,750 3.025 3,025 3.525
T 2275 34025 2,000 2:000 2.500 2.500 2.775 4.025 2,525 3,025 3,025 3,025
AnsR 30025 34025 34025 4025 3.525 4,025 54050 5,050 4.550 2500  2.000 2,95
ABSe 2:000 24000 20500 30525 3,525 5300 4e023 34775 3,025 44273 40330  5.0350

Group I « 7 day old dacklings

group IR - 28 day olid duckiings
CrouplIi « 42 day o1t dueniings

T
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CYSR she IoM level was lower (2.8 mg/ml) than bhoth othar
treatment and control groupss In group IT £he IgM cone
cantration ranged from 5.05 mg/mk (CySR) to 265 mg/ml (TSR).
Comparad o CSH group XX, the levels of el treated ducice
Ungs sxaept TSR wera highsre The IgH levels of group IXIX
bursectomised ducklings Xanged from 4.55 mg/mi {4n ADSR) to
268 mg/il {in SB®SR), Compared to CSR group IIX, ADSR and
CySR ahowsd highar IgM values. Comparing the threa groups
of Murssctomised birds inoculated with SR, highest Igt valus
was shown by geoup T2 in CySi, group IIT 4n ABSR and group X
in TS2., In SBxXSR groups I end IX showed identical high
values compored €0 group 1IX {Fig., 16).

In burasctomiesd ducklings gives S. Lyphimuriyn, in
group I, Igd concentration rangad £rom 2,75 mg/mk {in 58xS8,
Cy5t and T9t) 20 2.0 mg/ml (4n ADST), Compared to CSt
group I, anly the valus of ARSt wam lower. In group IT the
highest valus of $.8 mg/ml was zacordsd in Cyst and the
loviast value of 2,5 mg/nl was recorded in TSg. When compared
to control (CSt group XII), only TSt showed identical value
while all athers showsd higher valuas. 7The highsst YoM
value in group IIT was 2.52% mg/ml (in TSt) and the lowest
was 1.5 mg/md {(SExSt)e In all casas the Ig¥ values of
graup IIT wore lowar than that of Cdt group IIX.

On esmparing che thres groups of burassctonised duai
lings inoculated with S, Lyphimyriym, group II revesled
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high I levels in Cy3t, Soust and Anst, while group 11X
showed highast lsvel of IgM in TSt conpared to groups I and
Iz {Pig. 16).

Fougtoenth dey pastefgoguintion

Among nansburskctonised, SREC inoculated duckidngs, on
day 14 posteinoculaticon, gooup X recorded an g conoentles
tizn of 5.05 my/mi, while groues IT ard 11T secozded {dene
cical valuss of 44273 oymle In CS%, chw highest value for
IgM was shovn by group 2T (44275 mg/ml), Zoliowed by group ITX
{2028 mg/m)) andd group T (2.73 mg/mi) (Tabis 17).

In burssctomised duskiings given SRB0/3, typhimuzivym,
tha hichest Igd leval was seen in group IZ of CySR (5.8 mg/ml)
and ths icwmas dn group T ADSE (2.0 mg/ml).

pursschondsed ducklings of group £ given SRHC, revealed
en IgM eoncentration ranglng feom 4.025 me/md (In T523) o
205 o/ml (4n CySR)e The IgM levals of all tresatments under
group I vers lower, compared o group I of CSR. In group II,
the highast valua of IgM was shown by CpSt (5.8 my/ml), and
the lowest valum by 5BxSR (34525 mg/ml). Carpared o coniw
sr¥ol (C3R group II) only CysR had higher IgM value. The IM
levels in gll trestments under group IXX ware lossar than
that of CSR group ITIX and L1t ranged f£rom 4,028 mg/mi (in CySR)
to 2e5 ma/mi (dn SDXSR and ABSR),

Op comparing the three groups cf bursectomissdt Saps
given dueilings, group IT hed higher IgM lavels in Cy3r,
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SBxSR and ABSR, while 4n TSR the IGM levsls of grsups Y and
IT ware dentical and highar thon that of group IXI.

Apang S Eyohimueiunm dnoculated and burssctontesd Aucie
ngs of group I, the TG4 consentration ranged from 4,025 ng/al
(in smxst) to 2.0 my/kd (in ADSt). Comparsd to CSu group X,
£ha 291 lavels wera highsr in ll casss excapt ABSt. In

group IT, IgM izval wap maxisum &n ABSE (5.3 n/ml) and
nindmys in 758 (2.5 mg/ml)e The IgH levels ware highar than
that of C5t group II in sll cases sxcept THte ToM concen-
traticn 4n group X1T hursectomissd and g. Lyphimgrium dnocus
lated duckiings rangsd Zrom 85,858 mo/md {4n Cyst) to 3,025 wg/ml
(in S5xSt and 7St)s In CySt and ANSk the level ums graater
than that of C3t group X1, while in TSt and 3BxSt 4t vas
lover (Pig. 17,

Compardng the I levels betiwsn the thres groups,
geoup IIZ showed the highest IgH leve) in CySt, whils group IX
was having mexirum IgN congentratlon 4n anxsSt and ADRSE. In
TSty both ¢the groups X and IIT had iduntical leveis of IgM
which was greater than that of group IX (Pig. 17).

#4 133 o)

On twantyficst day posteincculsticn, CIR graups T and
TII had LSuncdcal iovele of IoM (5.08 mg/il), while gooup IT
had a Jower level of 3,778 mg/ml. In €Sk, highest IgN level
was shown by group BT (4,58 mo/mid, while quoups T oendl IXX
showed 1dsntical lovels of 4,028 no/ml oaq (Table 170,
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In burssctomised ducklings inoculated SRSC/S.Lyphimuciue
maximan oM concentration was shown by group IT off Cysk
(5.8 mg/nl) and the minimum by group I of TSt end group IIX
off ABSR (2.0 ng/mdle

Among the hurssotomissd duckliings adninistered SRHC, thw
growp T had higheset IgM lavsl in TSR (4,33 mg/ml) and the
lowest in SBxSR and ABSR (3,025 mg/mlls Compared to CSR
group I the IgM values of all treated group X bivds vere
lover. In group XTI, tha 2¢9 ranged from 5.8 me/mi {(in Cy:sR)
£0 44025 my/ml (in T5R)e In all Cases, IgM valuas were higher
than that of CSR group IT (Fig. 18)e Ig¥ concentzaticn 4n
grougp IXIT @anged £rom 44025 ngfmd (in Cysi) to 2.0 mg/md (

{in ADSR), Compared tO CSR group IIT, the Igi levols of
treated group IIT birds wers lowar,

on conparison of tle IgH lavels betwesn the three groups
off SREC trsated birds, croupy IX showed hitghost concenttation
of IgA in EOXSR, CYSR and ADSR, while &n T3R8, group X showed
highest eongentration.

29 S. tushimgrdum fnoculated Marsactonised duckiings,
grewp T showad highmat IoM level (4,025 mp/ml) in CmeSt and
TEL ahcwed the lowest lavel (2.0 mg/ml). Comparad to C3t
group I, the Igd lavel of SHRSS was tne same, whilae that of
tha Cydt, TSt snd ADSK woxe lower (Plge 16). In group IX,
highest leval of IgH was it ooxit ond Cgst (8,95 omAvl) and
the dowest level was cden in TSE (3.775 ny/l). Copared to
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contzol (CSt gacup IX), the IgM devels of Oy el Snust
wace ildentical, while thet of T5& enf AUSL were lowers The
¢4 consenzration 4n group I vanued from 4.55 me/od

{4n 2BSE) %2 2.75 my/ml (in 52x98). Only ARSt group XIT
showed higher oM levsl 4han 053 group XXX, while in cthers
it was lower,

on corpariecn wichin 4he groupy, group XT showed highesy
I valued 4n S8xit, Cpst and 97&, vhlle qroup ITT shoved
highest valus in ARSt.

Tesntyeiohth day post=tnoculstion

On the 28th day pestsinocylation, CSR? group I chowed
the hicghest IgM velue {5,55%5 mg/ml), Zollowe! by group X
{4.8 my/ml) and groun IIZ (2,525 me/ml)s Xn G2 thv highest
IgM concentretion vas shawn in group TXX (5.3 ma/ml) and the
lowest in oraup I (4.55 mg/mlls Creup IX showed an inters-
madiary value of 5,05 mg/ml {fable 1M.

Ia the bursectomisgd and BROC/S. Syptdrupium Andculsted
dueklings, grcup 2T CysR recoxdsd the maxirum TN ieval
{8,075 mg/l} a8 group T 900 regordcd tho nindsium Zeval
(2.0 mg/indle

Group I of bursectomissd ond SBE? afsinistarad duckiings
revoaled the hichest IoM value 4n CysR and PSR (44859 mx/md)
snd the Jowset velu@ 4m ADSR {44025 mg/al)e On comparison
with CSR group I, the IgW levals in all four trasumnits wers
lower. In group I7, the nexiuum IgM consatration uss shown
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by Cy32 (6,073 mxy/ml) and the lovest level My 00uSR

{3,025 reyml) when carpeared 40 C3R groap I, anly, Cyid
ohowed a higher XgM value (Fig. 19}, The Igft velus ranged
30525 M/l (in SBRSR and TSK) €0 2425 my/ml (in ADSR), in
aroup TIT of bursectemised and DS glven ducklingse Tha
Toit values ©f SDHGR, TOR amd COR wora idantical in group XIIX
{3,525 moy/ml), while 1t vas louer in CySR (3.025 ng/ml) and
ABON {2428 mg/Mle

on comparing groups I €0 I, group I hod the highest
Ight levels in CDxSR and TOR, whila group IT ohowed highece
Levels 4in CysR and ADR.

Ancng Se Lyphimurlim admindstered burssstomdsed duck-
lings of group I, xSt revealsd bichest Igi value (S.55 mg/ml),
vhile 7S¢ hod the lowast valuz (2.0 ng/ml). The Igh level of
cnly Shust was highsr thon thot of CCt group Ie I group II,
it values ganged from 4.5% ry/ml (ia S0:SE) to 3,779 oxy/ml
{in AD3R). Tha Ig lovels ia all treatmenss usre lowar than
shat of Cot groun 11, On comparing groupy IZI treakmonts the
highest gt levol was ohtained for ARSt (5.05 ng/nl) a26d the
lowsct f£or GRuSt (2,73 mg/ml)e ALl the valuas wvera lower,
cerpared to C56 group IIX (Flg. 19).

M compopicon botvecn groupe rovealed higheet lovels of
It in group X of ODxSt and Cyst, while in T5t¢ it was group I
and in ADSE, group IZX, which chcwad tho highest levels of
b (o
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Zopum gepsentration of ZoG in noowburceatoniced snd
byesectomisad ducklings

Pooled seryun ganples Srom nonebursectenised (control)
and bursestordoed ducklings of one &0 ten vecko of age were
quantitated for Igd level by Mancini's singlo sadinl imrunce
aistusion tast. The rasults obtnlned arae presanted in
table 18 and graphically xepresented in Pig. 20.

Table valus revaialed that in control ducklings, thoe
highest concentration of sarum XgG {0.07S mo/ml) was chbearved
in aighth and tanth weahs of age, ond the levwert lovel
{S.975 ma/el) was chaazvaed at ninth wask of age. Tha lovel
of serum g0 ot the firot usek was 7,475 ng/mi (Tahle 18).

In surgically rursectordsed group of duekliingn, tho
highest serum XgG level (8.475 ng/mi) was seen ot £ifeh,
ninth and ganth waoks of ago. This valuc vwas lces than tha
highest lovel of Ig6G seen in eontrol. The lowest Ig0 valwa
4n thin group was 4.0 ny/ml st khe fourth woak, ubich vas
&£lso lesgor than tha vslue for contxol (5.975 rg/ril).

Cyclophosphamids treated ducklings revealed a roxdman
G lovel (2.5 ny/ml) st the efghth and tanth weckn of age,
which was greeter than the maximum value for control. The
rinioum IgG lavel was 3.0 mg/rdl at the fourth weck, uhich uas
leos thon that 0f tha control.

In teetosterene troated duskliings, tonth wesk showed tho
maxdmun level (10,0 mo/ml) of IgG, vhile the minirun value



Tebie 19. Secum concantration of IgS An nonebursectoaissd and hurssctonised ducklings
fram 1 tQ 1D wasks

Concantretion of X6 {(ay/ml) at weaks

Treatmente.
1 2 3 4 S 3 7 2] @ 0
Control 7ed475 @475 86000 8.000 6a500 T7.000 8473 S.075 S5.975 8,975
5en 2875 La5T7H 54475 44000 Be475 84020 Te2D0  7.000 0.47S 8.475
15 4 34475 T4 3475 3,000 G500 TIDD  £.500 9.500  B.975 2.0
Ky 4,000 4.00 54278 5,875 7,000 7.007 7000 84878 8,975 10,000
\ns 3478 B.475 8,300  S5.5R  T.O0D 13,097 114523 DePT8  BeATE 12.5%0
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(4,0 ng/ml) vas scen in £irst ond second wecks., Compared to
contral, as in Cy trestsd group, ths highest IgC level was
qeeater ard tha lowert leval was leszer, in testootoxons
txepted group =1s8C.

Mntitursel serunm afdnistsred group of duchlinde revealed
the highest g3 level {13,085 mg/ml), vhen comparsd to control
ard othoy tveated groups. Ths lovest value dn this case vas
36475 my/nd, Geen in £irat week, which was less than the
coptrel mintmune

amcng the bursscionized groups, maxinum concentration of
apxum Ig0 was obeszved in ABS givan group (13.05 mg/inl) at
sixth veek and the minfrmum (3.0 mo/ml) in Cy treatad group
at the fourth weske In SBx, Cy and tastostorone trsatsd
groups, meximim serun IgG leavels wors showed at the tenth
waek (Fige. 20)e In tha £irst wosk, Ig5 lavel was highest in
contzol{7.473 my/ml), when comparad to 50 (4.473 my/ml), Cy
(3475 xy/m)) ¢ tostostercna (4.0 may/ml) or ADS (3,475 rmp/md)

As in tho case of masn concentration of 2, the con=
cantration of 109G in nonebursactomiced and hurssctonised
duckiings was determinad after inoculation with 8305/
8e Lyphimpeiun, by Mancini®s oingle radiel immmodiSfusion
technique. The valuss of serum I9G chtained are presented
in tebls 19 and represented by histograrma in PAgs. 21-24.



Table 19.

Secum concentration of ¥g6 (ng/mi) 4in non~burssctanicsd and bursactouised
daidlings of 3 458 grouss ilncculated with SREG/S.Lyphimuedun

TZeatant Group I Croup 1X Geroup IIX
m&:ﬂ 7 14 21 28 7 14 21 23 7 14 21 23
can 40375 5,000 5,000 Ba375 S.000 60500 7e475 B3T3 3.300 74000 84000 8,373
cae 3,000 2,000 4,000 8e375 4.000 5475 0.000 Bed75  5.475 8,975 8.475 11,025
SIS 30475 5000 5.000 56373 Se775 6500 8,000 84378 7000  7e475 7473 8.000
SDEIE 4,000 5.000 11,025 11,025 5,973 84475 10.000 5.375  3.000  7.000. 7000 8,300
CyaR 30375 34475 5,000 40875 B.000 S.975 0.000 BeO00 5075  6e500 5975 54975
cyste FeATS 5.000 B.035 Se000 5.0U5S 7475 0edlS 8.000 74000  BeITS 7475 7475
an 3,000 3.000 5,000 5473 4e175 7,000 D.300 10,000 7475  0.975 9,500 10.000
7ot 30475 B.000 5,300 Se0U9 50875  S5u975 04075 10,003 G075 10,525 104525 11,025
ABSR 36000 34000 44000 74000 70000 5a975 7e475 10,325  8.000 3,000 3,000 3,000
ADSR 3,175 20475 4000 GaO75 Se000 74000 Ted4TS 9.500 54975 6.500 7475 12,050
Group I - 7 day-0l2 Suwehklings
Geouy IX - 28 day=0ld duckiings

Graap IIX = 42 dagenid cdaskliings

1
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Bavonth dey posteloccuinticn

on day peven pasteinoculasticn the maximn IgC leval
{S.0 mp/rl) wos shaum by groups IT and IIT of C2R, while
group I showed a velue of 44478 mg/mle In C5¢, tho highast
Ig4 levol was saan An group IIX (54475 ry/ml), £ollowed kb
group IT (4.0 no/ml) and group I (3.0 mo/ml) (Table 29).

Ameng sha hursectoniesd duckiings inoculated with Siog/
S gyehimuries, the meximun Ig0 lovel wes observed in
gmoup IXT of 756 (8,975 my/rl) ond tha rdnirun volue 4n
group ¥ of TOR and ADSR (3,0 rp/md).

In burzectoniced and SRIC given duwoddings of groap I,
the hichast level of IgC was scen fn SHxIN and CySt
€3.475 rg/mL) end lowsst lovel was gocn In TOR and ADSR
(3.0 mg/mlle ALl these lovels were lower than that of CSR
group Ts  In group II, g0 level ranged from B.0 myml
{4n CySR) L0 40475 moymi {dn TSR)., Tha IgG levels of both
SUsIR and Cy5t were highor than that of growp 1T OO, whils
tha lovels of TSR and aBSR wore lower. IQe concentration in
group IIZ ranged from B0 mg/ml (in ADSR) to 5,575 mg/ml
(in Cyil}e Compared to O greup ITZ, all troated ducklinns
ohowed higher IgG levels,

On cermparing within tha chiree grouns of hursectomissd
and SBC given ducklinga, group IIZ was found to hova the
nandemn IgG level 4n ShwS, ToR and ABGR, while in Cyon,
group IT chousd roxwivun lavel (Big. 21).
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Groupn I hursectondised dueklings incoulated with
Be typhimwriun recorded highast level of IgG in ODuSt
(4.0 my/rl), uhile L3entical lovels Of 3.475 cv/mi vere
dstected in other thraee Sreatronts. The levals of oG wera
hicher in al) ceses than that of C5t group I. In groun II,
IgG values ranged £rom 5,975 ng/rl (4o ODxdt and Cyle) to
5.0 /Ml (in ADSt). In Lhis cosc algo, tha I8 lovel was
highor in 0ll (Teatmonbs, compered to C5E grouy ii. Cone
contraticn of I6G 4n group 22I ranged £rom B.975 o/l (4n TSt)
+0 8,975 m/al (4o aDUk), A in the gbove cames, in group 11T
slac the ZgQ valuas ware higher 4n the traated grouvs, when
corpared to G4t gecup IIZ.

¢n corparing the threa groupa in burseotomiced and
Se Smbinusiym Incculated duckiings, group TIX was found to
give masimum ZoG levols in all four treatrents.

3 snth ot = ation

At tre 14th doy post-inocalation, in COR, raxirum IGS
comcentration was secn 4n grosp XIX (7.0 ng/ml), follcwed by
group IT (6.5 mu/ml) ond group I (5.0 my/mlle i CS54 AaCKe
lings olso maxicpyy Ig3 concomtration was oecerded in group 2XZ
(8475 myYm)), followied Ly oroup 3T (5475 (yy/ml) amd group I
(3.0 mg/m) {Tabla 19).

Among tho burzsectontced ducklings incoulated with Sty

o fyphimucium, 7Ot greup IIT showed tho highest lavol of
saren 200 (10.525 mgy/ml) whille the lcuwest IoG level of

[}&]
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3.0 mg/nl vas esen dn geoup I of TSR and groups T ad IIT
Of ADSR,

In burssctomtsod ducklidngs given £RD2, the maximam
concentation of g0 An group I was seen in SBxSR (5,0 mg/mi)
end the mindmum 4n TSR and ABSR (3.0 mg/mlde Only SBxSR
ahowad the some loval of Ig0 compsred with C3R group I, while
in othars, tha lovels were lower, In group I, IgU value
zanged £rom 8.975 my/ml 4n CySR €0 S.078 rg/mt in ABSR,
Compared o €57 group II, CyJR and TSt revesled higher IS
valuas, whils SOHxGR shosed sinilar, end ABSR, lower valuss
{Plg. 22)e The concentration of Ig3 in group III ranged
£rom GeD7S mgy/ml (in TUR) o 3.0 mg/ml {4in ARGR). Only SBxSR
and T6R of group IIT showed higher IgO concentration than
CSR group IIT. Comparing batusan the thzse groups, in SBxsn
and TSR, maximen IQO values ware chtazdned in group IIX, while
in CySR and ADSR, group IT showed mardoum volus,

8¢ fyphimuedun givan butsoctomissd ducklings of group I
had & highest Ig0 levol of 5.0 ro/ml in 5oxst, Cylt and T8e,
and lowest lavel of 3,475 me/mk in ADSt. ALl thesa values
vare highor than that of CSt group X. Oroup II ducilings
shoved an IgC level ranging from 8,475 moy/ml (4in SDxit) to
5078 mg/ml (In 76t)e In this case also, oll the valuves of
the burssctonised birds were highar than thosa for €St
group IX. Maximun IgG level in group ITIY bursectcmizad and
S Syphiruriun incculatad ducklings vas ssen in TSk
(10,525 mg/ml) and tha minimm in ADSE (6.5 mg/mlds The
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IS5 lovelo of group I1T, when corpared to CSt group 1T,
vare hicher in CySt and T8t cnly (Tige 22}, On comparing
the threo groups, grewp I had highest IgS lavels 4n 63xSt
snd ABSE, while group IIX XgS level =was maxdimim in CysSt and
TELe

Tuagtvedrst dsy vosteinoculstion

The maxiranm Ics lovael i1 €SN on 21st doy posteinocula-
ticn was in group IXI (8.0 rg/ml), followed by group IX
{7,475 o/rii} end group X (S0 ng/mlde In CSE aloo tho
raxiren IgS leval wvaa in group ITI {8.975 mog/ml), followed
by group IT (8.0 ma/nl) and group I (4.0 ryy/ml (Table 19).

Among the bursectonised ducklings, the highast lovel of
TI90 was cbeervad in group I of SDxSt (11.025 mg/ml) and the
lowest in grous IIX of ABSR (3.0 mo/ml).

Group I of bursoctonised ducklings fncculated with 60C
showed an Ig0 raige fram 5.0 ng/nl (4n SBxon, Cyd and TS,
o 4.0 mg/ml (4n ADSR). The IGO levels of SDRSR, CyS: and
TSR ware identinal with that of €O group Is In grouwp II,
highest InG value was given by 7SR (9.5 ng/ml) and lowest
by ARSR.(7.475 nc/ml)e The IO levels uore the some dn Cyat
ond sSBes? (0.0 n/ml). In compariscn with CuR group IX,
ARSR gave identical voluz, while the others gave higher
values. %The valus for IgG vas highest in TSR groum IIX
{945 Ng/ml) and lowest in ADGR group IITI (3.0 mo/ri)e Only
TSR showed a higher IGG value in group IXII, on comoarisen
with CSR group IZI,
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In comsaring groups X to IIZ of burscectcmised and SUDC
incoulated quoklings, group IT showed manimum Xo0 levele in
all the traated groups, uhile &n TSR, group IIX aloo ahowed
the sone valug es thot of gosup XX (Pig. 23).

Bursectenised ducklings of grouwp I, fncrulated uith
e Lyushiruriun, showed highost IoG concentrotion in S8xSe
{11,025 ny/mi) ond losest An ANSE (4.0 ng/ml). The I¢CG
values of OD«%St, CySt and TSt uere highor than that of CSt
geoup I, while ABSY was identical with controls IZn groap I,
the IO esncentration ranged £rom 10.0 mg/ml in SBxGE to
7475 r/ol in ADSt. Only ADSG group II had lower IgG volue
cempared to ©S6 group I¥, while SDuSt, Cydt ond TSt shwwad
higher valuco. The conceatration of IgG was highest in TSE
group ITT (10.525 mg/Mideand lowest in 0BxSt group IIX
(7.0 my/mil)e Ondy 75 shoved higher value than ¢St groap IXX,
vhile GoHxSt, Cylt and ADSY ghowsd lover gl valuos.

On corpaning tha thege groups of burpectoniced and
Se gyehimuetun incouloted ducklings, highost IgSG value was
chserved in group I of COxG, group IT of CySt ard group IIX
Oof T3ten In A3SE, groups II and IXI choded egual quantities
of IgG (Ddg, 23).

Ly chith day noasted

On tha 28=h dey pesteinoculaticn, tha nean IS levsls in
22 were tho sane in elld three groups (8,975 ryvml)e In ©St
mandraz IgG level was shown by group XXX (12.025 nig/ml), while
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groups T and I3 showed sama IgG level (8.475 mg/ml) (Teble 19),

The maximum levol of IgG emeng burssctonised ducklings
dnoculsted with SRBC/3. Ltyphimurign was chssrved in group IIR
of anst (12,05 mg/ml) and the minimum lavel in group IIT of
ABST (3.0 mo/ml).

In SAnd inoculatsd, bursecteomised birds, group T shouwsd
an IcS pango £rom 7.0 me/ml (in ADSR) o 4,475 mp/ml (4in CyoR).
All four tueatoents vwara having lowsy IgC levels, ccmpared
to C5R group Xe In group II, ABSR revealed mawimum IS oone
centraticn (19.325 mg/inl), while CysR showad the minimmnm level
{5.0 my/ml)e Compared to COR group IXI, TSR axd ARTR had
hicher XIgG wvalues, IBXSR had s IgG lsvel and Cyik had lower
level (Tig. 24). nighast g6 concantraticn dn goowp IIT vas
chserved in 7ot {100 my/iil) and the lowest 4n 2831 (3,0 mg/ml),
In comparison vith C6R group I, only TSR had highar IgG
lsvel, whilo S50xSR, QySR and ADSR hed lower levals.

On compardng groups I 20 XXIY of 3REC inoculakod hurssce
temisoed binds, gooup IT showed mawiown XG0 levels 4in =il four
trastoents, bk in TS, group IZX nlsd had the sama IO lavel,.

Sroup T of 8. Suchicupium inoculsted and hurssctomized
Guoklings revealed an XS concentration ranging from
11,025 me/nd (dn CDusSt) to 5.0 my/ml (4n CySt and T5¢). On
compazdng with CSR group, only SBxSt shoued higher IgG laval,
while Cy3t, 738 snd ADSt ohomad lower levals (Pig. 24), In
growp IX, TSt recomded & maximun IgG lavel (10,0 mg/ml),
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while 00xCt shoved méntrum lavel (5,975 tyy/ml)e. Comporsd to
€St group II, TIt ard ABSt showed higher Ig0 vslucs, whersas
50xct and CySt hed lowar valuas, [iaxdrmn Ig8 concentration
in group IIT wan obearved in ADSE (12,05 mg/ml) and minimam
in 5048t (6.5 n/ml), In compariscn with CSL group IIX, only
apst had o higher IgC lavel, uhile TSt ohowed qomparable Igs
lovel and OBu\St and Cyse had lower lsvels,

Comparing the three groups in Se Lyehiruriun Ancculated-
bursastonised birds, group ISZ shoved maximum IgE volues in
Tot and ADSt, while in SHvSt 4t was group I and 4in Cyse,
group 11, uhich showed maximum valuez (I'ige 24).

Concentraticn of forumcolobnlins in hle and ecg yolk

The concentiotion of invariaglobuling 4n bilo o] ezq yolk
vas detemined by Mancint's eiagle, radiel dwmunodiffusicn
technique, using specific sntissra £0r Igh and 3gl.

On guangitating the inmmmoglobuding in Mle ¢f none
bursectemleed (centrol) and burcectomisad duokiings of eight
wooske of nge, procipltosion ringae wore preduced only agatnst
anti~Ig'l, vhile no ring formeulon cocurced against anti-Igl,
Thés indicated ¢ha progsice of only Ig! in bile of ducklings.
The nean Z¢fl concentratiens in control and treatsd ducklings
aro given in feble 20. Prom tha table valucas it was guidant
that while control ducklings showad a high concontration of
It (4,025 moyml), the Yot concentraticn was grastly raduced
in 59y (2.0 mg/nl), Cy treated (1,0 mg/rl) and tostostorane
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Table 20, Concentration of IgH in bile of nonebursactomised
and burssctonised ducklings of 8 weeks of age

Treatment Cencsntraticn of IgM
{mg/md)
Cojtral 4.035%
SBK 2000
Cy 1,000
g T 750
ABg 3,02%

fable 21, Concentraldey of YoM and I¢0 in egg yolk

Saple tice It {ry/m) 206 {gy/al)
1 30220 D500
2 3.230 7.1
3 4,440 7100
4 282 9,540

Hezn Je488 8,000
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treated (2,75 op/ml) groupse In ADS group the I concens
tration comparad o ontrol was cnly 3.025 ma/ml.

Four egy yolk ssuples vwars used for detexrmining the
Ig level in egg yolks The values cbtainad are prasented
4in toble 21, In this case, presipitation ringd werd proe
duced against both antileIg and enti-XgG, Fran the table
volues tha Ig4 level in egg yolk was £ound to Da in tha
renge of 2402 oyal €0 .44 myol, with & rean acneonttss
ticn of 3.425 mg/ml. The IgG concentration rangsd £xom
7018 me/m) o 9.64 mxy/md, vith a masn value of 8.0 nyml.

Total jeugecyto gount

The toksal leuscoyte caunto of noswhursactonisad (cone
trol) and puesectonised ducklings vers determined £rem one
o ten wooka o©f nge and the results arc presented in table 22.
Tha hrsactonieed ducklings comprised of surgically bursec
toised (5Bw), cyclophosphanide treated (Cy), testostorone
treated (7) and antibursa) serun sdmdnistersd (ADJ) groups.

In tho control group, the highest cean leucooyte count
vas obsexved in the £irst veek (43,280/can), with o zange
of 37,000-49,000/cmme The lowest masn lduscoeyte count was
seen in tha third woek (30,885/cmm), with o range of
34,825=30,125/cmms  The values for the other woeks fall
within ttiesa ranpes,

Bursactonined dusklings reveslod the highest mesn
leweverte count {(43,590/c.mm) which was higher thsn that



Table 22,

ean €otal Loucceyzic eount of nonenursactanissd and hursgckemised dusklinsa
ak waskly Intexvals

-

Agz in aeo2%s
Trostuonts
1 2 e 4 5 & ¥ 8 ] ki o)
contro} 48283 Q4220 308088 WIS 43070 43730 43430 3IRAIL 41320 35930
Sox 447700 453590  RUTO0 323260 {8230 84200  39RAC 40650 45338 35600
ey A0A30 43530 20320 200 44940 43SB0 41000 4ALETO 44230 44233
Ky 48729 44090 AJMO 42240 40720 43300 23950 43535 44750 40850
ABS 36550 24840 43760 42040 33880 40563 432350 39190 41930 £3920

(49 ¢
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of tho control (d4,120/c.'m1) in the second wesk of Sbw group
and the lcuook mean leucccyke count (28,380/c.«) 4n the

thivd weck of Cy greap, The lowdst valug was loozer thon

that chiained for age matched contral (230,805/c.mn) (Table 22),

In suroically burescctonised dueklingo, the highost mean
laucocyto count wag 45,590/c.mn (range £1,300«49,250/c.rm)
recordad in tha cecond week, and the lowest count vas
29,700/c.tn {rengs 20,900-35,400/c.mm), sean in the third

woaRe

Cyclophosphamide trsated ducklings revealed the naxirawm
mean laucocyte count of 44,940/c.am (range 40,000-49,500/¢.rvm)
in tha £1£th woek and the nintmun camt of 28,360/c. 1
{ranga 21,450-33,150/C.rm) in the third wooke

In testostaerons trcated group, highest ecunt of leulGw
aytes was seen in the ninth veck (44,750/c.tm, vith & range
Of 44,000=45,200/c.r) , while the lowest count was obtained
in tho tenth woek (40,450/c.tm vith & range of 35,000
45,200/cemn) «

At the teneh weok of age, antibursal serun adninistered
group recorded tha maxdmum leucecyte ccunt of 43,500/c.rm
{ranga 40,000«48,000/c./mx1), whoazeas the minimum count was
recorded ot the £40eh week (36,080/c.0m with o range of
24,030=42,000/cere) o

Ancnig the f£iva groups of ducklings, a decreaso in Lotal
leucceytc count wao obzdrved in the third waok, in control,
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8% and Cy groups, while in testastorcns treated gnd ADY
groups, an increassd count was socen in third weak, compared
£0 the ascond week. In the seventh wesk algo, contzol, SDhx
and Cy grasms showad decrassa in leuccoyta count, compared
0 sixth week, while testostersna and ADS tzraated groups
had highezr countse at the tenth week, lower leuccoyto counts
uaEe obtained £or control, SHx and testostorons grouaps, while
Cy and ABD groums had highcr counts, corpaxdd to ninth wesk
{Table 22).

Statistical anslysis cf the data is givan 4n table 23,
A comparison of uweckesise total leuccoyte counts revealed
significant digfcrence (P< 0.01) batwesn the testestercne
traated groap (43,840/c.rm) and tha Sux (29,730/c.sm) and Cy
{28,360/c.mm) groups 4n tho ¢hird waek of acee Dut no sigid-
ficant Alffsrance wasm detacted heotwean testosterone and ASS
traeatad groups, at the third wseke o signidicant diffexences
uore chosrved betumen the groups gt Other weehs.

Differontisl count

The differentinl leuccoyte count of the none-bursactomiseld
{control) and bureectordsed duckliings £rom one to ten veeka
of age uvas detormined. Ao 4n the case of totol Joucooyte
count, four treatmant groups ware there in surgieally burfe
sectonisad (S0x), cyclcphosphanide given (Cy),., testoskorcne
troated (T) and antibursal serun sdninistered {ADS}. Tha
raen valucso of the control =nd trastnent gooups £ar the diffee-
rent wesks arc given in tablc 24.



Tablae 23 NVA teble o £ind cut the differxcnnes in total leuecscyte count
betwern 3 weelmold nonsbursacterndscod and bursestonised dacklings

Sourcs i3 58 S b Infaranee

Treatnonts 4 1,217593B409 3.0430330488
3.453814 ke
Lreor 20 7.2014450408 3,6007220+07

#% significant (P 0.01)



Table 24 Mean differen ial counts of non bursectomised and bursectomised ducklings at weekly intervals

Age in weeks

Treatment 1 2 3
L H B B M L H E B M L H E h M
Contrcl 76 60 22 20 120 - 7 20 27 0O 1 40 00 61 00 37 80 1 20 -
SBx 68 40 29 60 180 02 - 64 60 34 00 1 40 - 49 00 47 80 32 -
Cy 73 80 24 60 120 0 40 72 80 25 60 1 40 D 20 49 80 49 60 0 60
T 71 40 27 O 1 40 0 20 62 40 37 00 0 60 63 BO 35 60 0 €60
ABS 83 60 14 0O 2 20 0 20 - 79 00 18 60 2 20 0 <0 - 67 20 31 60 0 80 0 20 0 20

Age in weeks

Treatment 4 5 6
L H E B M L H E B M L H E B M
Control 56 00 43 40 O 60 54 60 43 80 1 40 0 20 76 40 22 20 1 0 0 20
SBx 73 00 24 60 2 40 64 CO 34 60 1 40 58 80 40 60 O 60
Cy 64 40 3500 040 0 20 68 00 31 60 O 40 66 40 30 €0 3 00
T 7 0 20 40 1 GO 0 40 59 60 3820 1 60 0 60 70 GO 20 5 175
ABS 5360 4520 1 20 - 66 60 32 20 100 0 20 62 GO 36 40 1 40 0 20
1, = Lymphocyte (contd )
H = Feteropnhil
E = Eosinophill
B Basophil
M = Monocgyte

22/



Table 24 cantd

Age in weeks

Treatment 7 8
L H E B M L H E B M
Control 71 20 27 00 1 40 0 40 S1 20 47 00 1 80
SBx 53 60 43 40 2 40 C 40 0 20 58 40 41 20 0 40
Cy 73 40 25 €0 0 €o 76 40 22 20 1 40
T 79 25 18 00 2 75 49 25 48 SO 2 25
ABS 62 80 34 60 2 40 0 20 - 54 00 45 20 0 eo

Age in veeks

Treatment 9 10

L H E B M L H E B M
Control 69 80 28 80 10 0 20 69 20 29 20 120 0 20 0 20
SBx 67 Q0 32 ¢0 1 ¢co 73 75 25 GO 1 Co 0 25
Cy 56 20 42 60 1 .0 63 CO 36 20 0 80
T 71 28 25 50 3 ¢Co 0 25 68 50 28 15 2 50 0 25
ABS 63 GO 35 20 1 60 0 20 78 60 20 B0 0 40 0 20

L = Lymphocyte
H = Heterophil
E = Eosinophil
B  Basophil
M Monocyte

L9¢
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igmphacyte gount

The maan per cent value of lymphccyte count 4n €he cone
txol duckldngs was highzot in the £irst weak (76,870) =nd
lcuest in the olghth wesak (51.21). In othar weeks the valuea
foll within this range.

Among tha bursectonised Aucklings, mesn par cent value
o2 lyrphocyte was highest in ABS (G3.6%) at waek cne and
louvest in Sox group (493) at third weak.

In SBx grouy, the caximum count of lymphocytes vas
recopded at 10th week (73,75°%) and the minimem at ¢hird
week (40%) .

Cyclophstpharalds treated ducklings showed masdrmen
pereantsye of lymphooytes (76.4%) at eighth week and minioun
lgvel (49,8%) at thizd week,

In testosterone acninistersd ducklings the hicheat pexe
centage of lymphocytes was seen at esvmnth week (79,25%) and
the lcovest porcentage at eighth weak (45.254).

Antibureal serun given birds had highest count of Lymphoe
oytes at £iest veek (83,6% and lowest count at Zourth week
(53.6% (Wable 24).

Apslysle of Variance of the lymphooyte counts at weekly
intervais revaaled significant differences bstwesn the cone
o)l and toeatments 4n the £ollowing cases,

AL weck one, no signilicsnt differenca wvas ncticed betwean
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the contzol and trestment group, whereas significant diffe
renca (P <0.05) was detocted batween lymphocyte counts of
ABS (83.6%) and ane (6043 and also between ADRS and Le3ECw
gtogene {71.4%) teeated groupe (Takle 28).

Significent differsnces in lymphocyto counts after the
£iret vsok wae cbsezvgd only 4n thae fourth weake ML the
fourth ugek, sicnificont differcnces in the lyrphooyte count
wera recorded betwsen the conteol (S6%) and two treatments
vizey, SB: (730 and tastosterons (72.3%) Created groups. On
ecorarisca bhetueen tho treatmenta, significant differances
vere ahperveld {D <0.08) bstwaen 5Bz (73%) and A3S (S3.6%)
and ealog belween tectestereno (T0.2%) and ABS (S3.6%) groups
{Pable 28),

After the foutth woek, significant diffexences in the
Iyzhecyee count was seocorded cnly 4n tha ssventh weak, In
the seventh veak, canpariscn of the control with treatmant
qroups revepled significsnt differences (P LC.03) only bete
ween control (71.23) and SBx (53.6%). Compuring batween the
sroatmentsy significmnt aifferences in lyrphooyte counts
(P (0.05} vore noticad betveen ZBx (53.6%) ani two treatment
graups, vize, Cy (73.4%) and T (79.25%) (Table 27).

Sigmificant dAf2sxences in lymphooyts counts were alss
ohsarved at the cighth ueck (P (0,057 between control and
srgatmeant groups and alss in between treatmente, Control

(52.2%) rovesisd significant Atfferance, eompared to Cy FEOUp
(76.4%), while Cy group showed eicnificant di€fazences com=
pared to S8x (S8.4%), T (49,255 and A88 (569 (Table 28),



Tabla 25. ANOVA table tc £ind cut the differences in lymphocyta count betwesn
1 veakeold noneburcectenised and bursectoniesd duchklings

Souree DF 55 1s 3 Infezence
Trastments 4 3064086 76.5214%
2,370845 4
Exzor 20 533.,0538 26.65469

* Sipnificant (P < 0.05)

Table 26, AUOVA table €0 £ind cut tho differences in lyrphoeyte count Letween
4 week~0ld nonebursectanised and bursectordasd ducklings

Source or 1] 1S F Inference
Treatnents 4 903.6484 225.9121
4.172752 *
Crrox 20 1002,797 54.13584

* sienlficant (D D.05)

LY



Tabla 27. ANOVA toble to find cut the differences in lymphocyts cocunt between
7 waek=-cld nene=hursectonised and bhursectenisad ducklings

Scures oP ] a2 4 Infercncs
Troshoents 4 74575 186.6875
3.18544 *
Exror 19 1112.123 58.5329

* giguificant (P D05

Table 28, AROVA table to £4nd cut the differences in lyophocyts count hetueen
3 wegk-0ld pon-bupsectonisad and urssctiomnisad dueklings

3curce by 58 s P Infercnce
Troatmanes 4 BGE9.7332 217.43485
3.090508 >
Error 19 31332.878 70.15131

* Signiflcant (P {0.05)

Tt
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o sigoifidcant Gifference in lymphogsyte csunt batween
the contzol end Sreatment groups, or within trestmante, was
sheerved at the riineth and tenth wesks of age.

HeSerophil gount

The msan peroent value of hetercphil count in non-
bursectordcod (contrel) ducklings vas highast (47:%) 4in thae
eighth veok and lovest (22.2%) at weeks cne and six (Table 24).

Ameng the buresciomised dusklings, the highest count of
hateasophils vas ohserved dn Cy (49.6%) at the third veek amd
the lowest count was geen in A0S (14%) st £irst week,

Surgionlly burssctoniess duckiings ravealed a maximirs
haterophil count at ¢he third veek (47.8%) antt 2 minimm at
fourth week (24.6%).

In Cy treatad ducklings, a nadmum hetercphil count vas
chserved st the third week (49.6%) and the nindcanm count at
QAohth veek (22,23 .

Tastesterone admintstered ducklings racordsd the highest
count of hatarcphile at tho eighth weelk (48,5%) and the
lowest count at sevanth wack (18%).

Amcng the ABS fncoulnted duckliings, the maxioym hetero-
phil count was obearved at the fourth and eighth waeks (45.27)
and the minfmum at £iret wosk (14X).

Analysis of Vardsnce of the hetercphil counte at weekly
dntervals csvealed significant Alfferences batwean the contrel
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and treatments and batwean troatmants, in ehs following casest

At ane wesk of age, 1o ajgnificant diffezancy vas obsecved
betwsan the hsbercphil eounts of control and trsatmsnt groupd,
while significant differances {P<0.05) were cbosrved in the
counts of A0S {14%%), vhen copuved to 582 (22.6%) s Oy (24.6%)
md © (47%) tresteants {Table 39), In the sscond week ales,
significant Alffsrences (P<0.08) wera detected 4in the hete-
rophil counts of AP {18.67) , comparad S0 38x (34%) amd 7
{37%) groups. o signtficane differcences vace noticad bate
wean othan groupa of 4he seme apge (Tadle 30).

significont differencos in talarophil coumts aster the
second weeh vere ohsezved in weok foure Contzold {(43.4%) and
the trastments (92x {24.6%) od T (20.4°%) chosed sicnificant
Qifterencas (P<0.01), Comparing within trastmento, nignd~
flrant Alffezennes (P<0.01) vare caen batueen the following
treatrentss T (20.4%) cumpeorsd to Cy {35%) aad A8 {45.2K)
and 59x (24,6%) corpared to AR5 (45,33) (Table 31).

agear bie fourth weel, sicnifdcant diffazencan 4n hetee
rophl) counte wore noticsd only at the stventh week. Contral
{27) revenled significant Aiffevences {(P< 0.0%) compared €0
SBx groug {43.4%) only. Compsring the treated grours, sige
nificant Alfferences in heteraphil count (P< 0.03) were
onserved between S8y (43.4%) and two treated cToups, vis.,
Oy (25.8%} and T {18%)s Significant Adffensnces (P< 0.05)
ware plsc cbsecved datween T {183%) snd AB3 (M,.6X) groups
{Table 32).



Table 25. ALOVA toble to £ind cut the diffgrences in hicterophil cocunt begwzen
1 wasi=cld non-burscctomissd and burscctomised ducklings

SounCs e 58 [ P Infarence
Tregtments 4 347.3406 86.78516
3.022279 L
Error 20 57443020 28,71514

* Significant (2 {(0.0S5)

Table 30, A OVA table to £ind cut the differences in hetercphil court betwesn
2 veg¥=old non=bursectoriscad end murcactonmized Aucklings

Soures >4 58 | $ 11 P Inference
Treatmeats 4 434,6256 108.6724
3086605 -
Error 20 04,1885 3%5,20742

* gignificont (P {0.05)

1 /A4



Tabie 31, ANOVA table to £ind out the differences in haterxophil ccunt betuesn
4 vack=0ld non-bursectonised and bursectomisad dueklings

Seures DF 85 M3 F Inference
Treatnents 4 994,384 248.646
8.,74943 helad
Erpoyr 20 1047.061 52.353D3

*2 Blgnidieant (P <0.01)

Table 32, ANOVA eabie to £ind cut the Aiffarences in heterophil ccunt batween
7 weekeold noneburcestonised ard bursactenissd ducklings

Source or 3s M3 b Inferance
Treatmenta 4 720.0118 1600029
36144331 »
Brror 10 1087.69 57.24692

* Significent (2 {0.05)

SLY
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In tho sichth weck also, significant hetorcphil ccount
digfercneas {P <0.05) wore noticed between contrel and treated
groups and sleo in batueen treated groupse Control {4715
shewed significsat difference only when compared to Cy (22,25.)
group. “Jithin the treated groups significant Alfferexes
vare cbsexved between Cy (22,8%) and all othor groups, vit.,
583 (4142%), P (48.5%) and A5 (48,3%) (Table 33).

o adenificant diZfsraencas in haterophil counts vore
notdced at weoks nine and ten, betwaesn the contrel and treat-
ments and olsc within treathments,

Fon hi

The rzan value ©f cesinophil count in percentagn, wWas
highest in control ducklings at cighth weck of age (1.8%)
and lowest ot Sourth veck of age (0.63) (Table 24).

Among the burseatomised duckiings the naxirunm ecsinophil
ecynt wag obssrved at the third wask in SBx group (3.23%), ond
tho minloun (0.4 %) wos socn at weeks four and Live 4n Cy,
uesk eicght in SBx and week ten in A\DS grouss (Table 24).

In the Six group, the highoot count of sesinophils was
cbipined at the third weck (3.2%) and the lowest at eighth
vanlk (0.450) .

Cycicphosphanide admintstored ducklings gave a mnasirmnm
cosinophil count at tha oizth veek (3% ond o minimum count
at the fourih and £4<th wecks (0.4%).



Table 33.

AI'OVA table to £ind ocut the differences in hsteraphil count bhetween
B wegh=0old non-bursectomiced and bursoctorised duckiings

Source Dy 88 M3 ? Infarsnces
Treatments 4 853,028 217,207
2450588 *
Brrcy 19 14204152 74674458

* Significant (P (0.05)

LT
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Testostarcna givan duckiings had maximun comnt of
soninophils ot wesk nine (3%) end minlmu count at weeks
two ond theee !O.ﬁg)l

In ASS created kirds, Lhe highest lavel cf essinophile
wap seen at sevanth swmek (2.4%) and che lowest level at
tenth wesk (Oad%).

Rasophill coung

In the control ducklings a hasophil cownb of 0.2% vas
abtadned in seccnd, £4£th, sixth and tenth wseks, In
g4vanth week, 2 count Of Ced% vos seen, The cantral bicds

Aaid not Give sny basophilic counts at vaeks one, thise, four,
eloht and nine (Table 24).

Surgicatly tucssctonised guoup of duskiings rocsrded
& boaoptdlic count of De2¥ in the f£irst wesk, while in
saventh w2ok 2 count of O0.4% was obtained. ARl othor weeks
falled to glve ooy Couuts.

Cyslophosphaaide trasted birds had a bascphilic coumt
of 0,28 in the Sourth weak onlye

In Gestoskogone given Gueklings, a high basophil count
of 0.6% wan chsesved I veek Siva, Solicwed by 0.4% in week
gour and G.25% in vechs nine and ten. o bascoililc counts
were cbtainad for the otnev :iooke,

Anvibrsel cerus adndndotonsd Guekilage shouwed a basow
philic count of Je2% in woeks ong to threo, oix, saven, nine
and can.
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anocyts qount

In the contzal duckiings, o monoccyte count of 0,23
was obtainad only in the nineth and tsnth waske (Teble 24).
In surgicslly bursectonises kirds, a count of 0.2% was
observed in seventh waek and Q.25% in tenth wesk, Cycloe
phosphanids treatsd ducklings ravealsd s count of 0.4% 4n
ueek one and 0.2% in woak twos Tastostercne administaved
ducklings had a monocyte count of 0.2% at week cna cnly.
In antiburssl ssrun trested ducklings, a momocyte count of
0.2% was observed at wechks thres and five only.
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DIBCUITONT

Funationing of the irmune meshaniem 1is dopandont on
the lywphatic systen. Avian lynghatic system de functiow
nally divided into dbursa=dependant and thymusedependent
compenents, of which the bursal componant is sesociasted
with humorsl 4mmunity and the thymic component for cellue
lar fomundty (Firth, 1977) The bursa of Febricius, a
unique crgan presant in avian spacies, functicon centrally
as the pregenitor of Smmunocampetent cells in the huroral
drrune systenm, producing antibely oelacules - the immuncs
glotulins. A study on the differzant classas of imrmnoglo-
bulins and their characteristics is essential to Mnow their
dmportence in hunoral fcvminity ond significanse in the pathoe
gunesis of inflecticus diseases,

Ducks have two pairs of trua lyrph nades snd are hence
considered as idecl experinentsl materdal for determining
phvlogenic irmunologizal ralaticns between manmals and birds,
The susceptibility pattern of dusks to infoctious diseases
18 quite Aifferent £rom that of chicken and they are gene-
rally more resistant to cormen avian dlssases,

The role of bures in antibedy production was assassed
by determining the antitody titres and quantifation of
imunoglobulins in sexa of nonwbursectenissd and bursegto-
miced ducklings incoulated with SR0C/S. gvphimuriyo.
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Henesbursectonissd uninosculated ducklings had & mean
pody weight of 850,375 ¢ at the £4fZth week of age, which
showed a oteady fucreass to 865 g at eighth week and
1132,S0 g at 10th wesk. Hashimote and Sugirmra (1978) slso
regorded a rise in meon body welcht of Uhite Pekin ducks
Srom day of hatching £o 11 uwesls of sges. In nonebursectos
niced duwsklings inoculated with 8350/73. Lyphimyeivm also
tha body welights showed increace frem £1£th to tanth veek.
But in S. Syphimurdun given dusklings zt eighth woek, the
body weights were significantly lower with P <L Q.05 (751.875g),
compared £o SRDC incculated (652.50 g) or unincculated (865 g)
Guckidngse This differsuce howevar was nct datactad at the
tenth veek.

In surgically dursectomiced ducklings, there wars no
significant diffarencus in hody weight batwean tha non~
bursectomiaged unincculatsd control, Sowe, SOHXGR arxd GBalt.
Thesa results are in accordancs with the obesrvaticns of
Husller g ale (196D) who found thst S3x had no effest on
Wdy velght. Gisllor and terek (1973) alzo noted that Sox
&i4 not interfere with grouth, evanthough s substantislly
lover weight gain cccurrad at thrsa weeks follawing burssce
comy.

Cyclophospharide administersd ducklings showed signifie
cant differences (P < 0.01) in bady weights cnly at the eighth
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vesk of aga. Staclotically sicnificant reduction in mean
bady viefohto vas observsd in CyC (898.125 g), CySR (1055 @)
and Cyst (1109,167 g), whan compared with the control (1240 g).
Tha mean bady vweight of OyC group was also highly reduced,
corparsd to Cy5R and CysSt. Significant Gecresse in body
woaight of Cyetreated ducklings wssc observed from 7 days to

3 weeks (iidraga gt ale. 1976) and st on® week of agae
(tashimoto and Suginura, 1976). Thay slaa chserved that
thars vere 1o differences in body weight betwesn control and
Cy=groups, after £ive wocks of age, and thet at 7 weeks of
age, the body weight of Cy-ducklings was even greater than
that of tha contrcle 7Tha results cbtnined in the present
study revaaled a statietically eignificant decrease in body
veight at the 8th weak, while no such diflorences uere
cbeorved at £i2th or tanth wasks, On® possible ressen for
this Aispority with earlier results could ba thet 4in thie
stufy & doss of 2.5 nmg Cp was used while earlicr workers
have axpleyed higher dones of S-18 ;mg. lienca the suppressive
effact of Cy might have becons apparent only after f£ive weeks
and it might have worn off by ten weaks.

Ducklings hatehsd £rom ecggs Aipped in cna per qent testow
sterons showad significant differcnces (P £0.05) in oean body
welcht betwaen the control (777.5 g) and two troatrent groups,
vizey, TC (915 g) ond 798 (951 ¢) s &t 10th wesk anlys Thers
vas o significant difference in body weight batuween control
and TSt group. Nueller st ol. (1960) had repcrted that the
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1Bx uoing 19-nortegtostercns produced birds weiching loss
than the centrels. Glick (1563 sleso recorded a oignificant
raduction in body weight at four weeks of age in two par cent
TP trasted ducklings, while no significant aifferances wers
found ot tha Gapeold stapgt. Contrary to these reports, in
this study, the mean body wedcght instead of showing decrease,
showed an increase from control in 70 and TSR at 10th week.
This could be dus to the use cf 7 instesd of TP as it was dcne
by others. T7estostorcns is easily metabolized and aliminsted
from tha bady without producing msh effect on tha hursel
system. RBusnthoagh T3t alog showed incrensad body welcht
than esntzol ot tanth week, 4t was not statistically signifi-
cant.

Antiburepl ssrum administered duckliings zovesled signie
£icant Aiffarencas (P <0.03) in hody waight copared to con-
tzol, cnly st eighth and tenth weaks of age, AL eighth week,
significant roduction in mean bady welight occurred in AnNC
(7044167 g), ABSR {624,167 Q) and ABSt (698,667 g), when cone
parcd to control (843433 g)s At the tenth wesk, hovaver,
ABER hed o significantly higher body wodght (976 @) in compa-
zison with control (707.5 g) and ABC (739 g)e There are no
published zeports on the effect of antibuzsal serum in ducke
1inge.

amang the different methods of burscctony employed,

Syaicphosphanids was found ¢ preducs the maximam raduction
in pody velight comparad to other treatments,
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LEfeck of bugeoctomy on the welght of buras
The mean bursal welght in uninosculated nonelizsectonised
ducilings showed o oteady inorzase frem the £4£th vesh
{0955 g} to teth wiok {1,175 ¢)e The mean percontage of
rrsal wedght 4n rolation to body welight was meceloarn at £48%th
veek {1,170 In onebursectomised ducklings inoculated with
SABC alec a steady increase 4n mean burasl welight from 0672 g
(=t Sth weck] to 1.0680 ¢ (at 10zh woek) was noted, vhile in
nenebursactonised, 2. Syohiruriom given ducklings, the nean
buzeal welght dncxoaoed £oom 04561 g at 21gth wealt o 0.998 ¢
at alghth week and then agein decreased to 0,930 G at tenth
wesk, BDut geatictical analyais of tho dgta 444 not reveal
any elonificant difforencas in welght of bursa batwsen the
uninoculated and incculated groups of ducklings, st sll the
thres apge groups (Sth, &th and 10th waeke) under seudy. The
percentage of bursal walcht in golaticn to body welght vas
raximm 4n both ghava groups, ot £1£th week. Hashimoto and
sSugimura (1978) have zaportsd that tha percentage of bureal
velght 4n relation to body vedght in tbhite Pakin duoklings
was naximen {(0.24%) a% one week of age ofter which it dselined,

Surgically bursscteaised duchklinge lacked bursa com-
plately, 4n all thres age groups under study, therehy inle
cating tha effectivsnons of thic pethod 202 BUTERCEOYe

in Cy treated ducklings, significant xaduction 4n buvssl
size, occuxged at £1fth, sighth and tenth wecks of ape,
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eomparsd to controls At £4£th weak, the mean bursal velghts
of Oyt (0393 @), CY5R (0,457 g} and CySt (0,398 g) were
signigicantdy Sicfsrent (P <0s01) £rom that of control

(0.932 g)e Dilferunsos in the volght of buvsa &t the eighth
week, batuesn the control (1.038 g) and ather groups o€ CyC
{0.314 gls Oy (0,492 ¢) and Cyst (0.977 g) were aleo statioe
tically significent (P <0.01). Significant differences in
buxosl velcht (P4 0.03) wera also cbosrvad at tenth weak,
batveen the contzol (0709 g} and tuo eroatoent grouss of
CySR (04249 @) and CySt (0,208 g)e The bursal wights of
Cyoik and CySt wers ales significantly smaller compored to

Cyl (0783 glo 1draga gt ale (19756) found that the relative
waight of the bursa in chichen docreased ahruptly Just after
tha injaction of Cy and that it Aid nct raturn €0 &ho CoOle
toel level until scvan weeks of age. Significant raduction
of butoal veight of Cyetreated ducklings hava also heen
saported (Hashimoto ond Sugimuga, 1976p Sugirnurs @8 gl..1977).

eklings hatchad out foom sestostexone treataf egys
diad nct revesl any afmisicant Gifferences in buraal welght
compazed to the cont#eld group, 46 all thres age groups of
£4£th, alghth and tenth wecks, under sitdy. This pesult de
contradictory to that obtained by earlier workers. Glick
engd Sadler (19561) Sound shat Adpping fertile egge into salus
ticas containing TP coused significent reducticn of bursa
sine ond Lhat 4n gome e2es sven Glininuted the Duras, Adede
aldstretion of 10-noztestostercns oF 17-ethyl-15-nostastosterans
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an 12ch or 13th DD cpused a £ive to twanty-Sold reduction in
hursal weicht {Huailer g 3l.s 1962), @lick (1963) peported
significantly reduced pursal size in ducidings hotched cut
fren enps whilch vare dipped 4in 2 g % 92 on che Siéeh day of
inewbeticn. In the pressnt study, purs testostorons was usad
in 1% concentratisn, vhile cther workers have used 19-portes-
taotercne o TP, 4n graster concentration. Testosterone was
poge axsily wotakclioable, coparad £6 tho other twd darivae-
tives and this might have reduccd its entiburssl effest at a
faster rate, ¢corpored to tho other twa. Thus ¢he lack of
sionificant Aiffsrency 4n the bugsal waighta of Tetrsatsd
ond coatsok ducks could be atlribated to the Zaster degradse
ticn end alimination of this hormone. The lowar concentrae
ticn used, to gveld mortality, could slso be a contridbutory
factor for the dacgeased effect.

Antibarssl sorum administered ducklings recordsed signi-
£icent Aifferences (P <0.,05) in mean bursal weight betuean
ADSR (0.519 ) and thoa contzol (0.870 @) and also batween
ABSR and ApC (1,050 @)y at Ehe eighth week only. Eventhaugh
ARSt also shinicd decreased buzgal welght {0,740 @) compared
ta control, Lt was not okntistically significant,

On comporing tha fcur metheds of hurcectomy, 83x% had
tha paxiren affect sioco burca was ectolly obsent in al) ege
groupt. Cymiophesphomdde produced marked reducticn in burss
sige at £1fth, eighth and tenth wesks, But CyC showed higher
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mroa} welght compored to controls ot tenth wesk, indleating
pocoible recovary. Ancag antibursol sazum ofminiztered
duekiinga, voducticn in burssl welght wae noted enly in
antigen incculated groups of ADSR and ADGE, cupored to cone
trol, at 10th weck, while ADC had hicher bursal walght. This
indicated that ADS hed cnly e late action on hupeas The lack
of significent differencs in burssl weights botusen testo-
sterone trested and contrel ducklings Andicuted that the
effoot of tostosterons might have wern off very early even
befiore hatching,

The moon oplenic waelghts of aonebursectoniscd and
unincoulated ducklings were Q.718 g at £isth wvesk, 0,812 g
at adghth woek and 04624 ¢ at tonth weak, Thus the splenic
wolght was maxicnm at £4£th weeks A succzasiva incressa in
welght upto the llth waek as zaported by Hashimolo and
Suglmara {1977) vas not seen hore. It might bo dus to kreed
aifforence. Haphimoto and Sugdnure (1977) used White pekin
ducks for thelr experimenus, while crossehved dusklings
vere usad in the presont experiments The percentage of
splean 4n gelation to body vedght wans elso maxivaxn (0.127:35)
at £igth wook, while tiashimono ond Sugimurs (1977) chzecved
manioum pereentage (0.23) at ehizd week. In 0IBC 4noculated
duanklings, the maximun mean splenic weight 02 0.662 g wes
found at afghth weak, while in S. typhimuetun given group
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it was saen at tenth week (0.790 g). Statistically thare
wore no significant Aifferances in spleénic weighto between
wninoculated and incoulated birvds st £12th, eighth and teath
wesks of 5g3.

In surgically buracctomisad ducklings, sionificant
digferences wers noticod at elghth week (P¢ 0.01) in mean
splenic weight batwesn control (0.498 ¢) and the three treat-
ments of Sikd (06316 g), SBxS? (0.219 g) and SBxSt (0.279 @)
But similar diffarences wore not chascved at £4£th and tenth
vweaks of agy, Similar decrease in splecn weaight was chaerved
by Haller and Perek (1973) at S«6 wecks of age, in chiclen
which ware surgically bursocctomised at dey-cld stages In
tho precant study, SBR was parformed st thivd day of age to
raduse moxtality.

Cyslophicaphunide given duckliings zavealed oignificant
difference (< 0.01) in weight of spleen at eighth veek,
betweon the control (0.605 @) and €yt (0.270 g) and also
betueen CyC and the other two treatments of Oyt (0.771 g)
end Cyst (0,641 gl. 8o significent reduction in asplenic
welght vos noted at £ifth and tonth weeks. Rousa and
Szenberg (1974) reportad that Cp given un Gays 1, 2 and 4
post-hatching caused lymphicoytic depleticn of the htursa,
thymua end splecne Hashimoto and Sugimura (1975) cbsarved
significant reducticn in waight of splsen of Cy-treated,
aeuly hateohad whito Pekin duokiinga, which lasted till ssven
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wanks Of aoee In this srudy, eventhough reduction in splenic
wolght vas not seen &n Cifth o tenth wasks, significent
reduction coourrsd in aighth waek,

‘reswstemm; sdodnisteorad duckiings, as in tho cose of
body welcht snd bursal weicht, Ssiled to show any cignifls
eant peduction in splenic weight alsc, campered to control,
at all tha thrse ape groups of fifeh, alighth and tanth weeks,
GMck and godler (1901) choszved thet dipping fereile ezgs
into TP solution coused rsduction in splean aipgs Glick
{1983) con the othor hond roported no aigaificant didferences
in the spleen weights of ducklings hatched from egpe dipped
in TP soluticne.

In ontibursel sorum given duskisiogs, no statistically
significant differances ware found in splenic weights at £ifth,
aighth or tanth weako, bhstween the control shd trasted groups.
This Aricated thst ABS @&id not have any cffeck on apleen,

Nweng the four disferant methoda of bursactény aemployed
in thic study, surglcal burssctomy xesulted in siguificant
rzofuction in gploen sizs of both eurglcally bursectenissd
uninocculatad and dnoculaced ducklings, whaft compared to cone
trol group, at eighth weck. Brenthough Cyetroatsment sisc
produced duckiings with reduced splenic weights at eight
ugaks of o099, statioticelly eignificant roduction cempared
o control was scen anly An wiincculated Cp-trasted ducklinge.
Testoetercne and ADS treatments 414 nct cause any reducticn
in splenic siae,
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fikstopathclogy

The xole o2 bursa in the producticn of Wmoral immune
rogponsens vas asecosed by examdning thae histeoicgicsl fea~
turas of the rolatad lymphold organs, viz., bursa and spleen,
i ponebuessctonieed and burssctomised dusklings, st various

age groups.
mirea of Pebrictus

In nonebursectomined duskiings qlven SRBEC well deafined
folliclas with icosely arzanged lymphocytes ond inteck sur-
face epitheliun vare cosn at five weeks. Carminal centre
activity and macrophnge rasponsas wers seen ot 8 weeks and
by 10 ueeke the lymphoid follicles were very active,

S Svphimurium incculated nonebursactomised duckiings
roveaied on tha other hand, many active lyrphoid follicles
containing loosely arranged lymphoid colls cven at £ive weeks.
At oight wealks, the gorminal centras of agme of thas ostive
lyrphedd €ollicies showed macrophage and histiceyte response
o proliferstion of nacrophoges occurred in perilymphoid
lcoaticnse Dy ten wsoko, many active lymphofd £ollicles had
widanod, active germinal ceatres with the lymphotd cells
showing diffuse proliferaticn and thexe vas alec fogal Macro»
phage rescticn in come arsse. In the perilyrchodd locations,
retiocular coll proliferation was ales ssen. Dpithelial lining
wad intact.

In Cy-traated dwcllings, thers wee extensive dwazfiog
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and thinning of the bursal folds, with severe degres of

ceyps formaticn. The nunber of follicles was very fouw with
locsely arranged lymphoid cells. Epithelial lining vas
thrown into long, thin paplllery foids in 6 week old bhursa.
prased (1978) found chat sdmindstration €2 4 mg of Oy per
¢hiok for threa conmacutive days postehatching caussd deple-
ticn of lymphoid cells in burss and that the bursal lobes
were goeduged twa to thrae times ¢he normol sice and remainsd
66 upto two weeks, Sachs af gle (1979) slso regordsd
dacreassd plical aise and thinning of dollicles associated
apithelium. The destruction of lyrphoid cells in buvss of
Cyw=tregted ducklings had boan rocorded by othar workers also
(Sugimura % gle, 19743 Sugloura end Heshimeto, 1976). On
inoculsting Cy-traoted birds with 0BC lymphotd follicles of
ursa wexas founi €0 ba hypertrophic hy the Cth weck end active
gerninal centres were chesxved by 10th waek, whoraus stimulae
tien with S. Lyohiruedus produced active germinal centres by
the aighth wosk inself, This indicatsd repeneration of the
tugssel folliclas in rasponss £0 sntigenic stimulstion. Cliek
{1971) also obsarved rogeneratisn of scme af the ursal
follicles in chicks vhich had baen glven a single injecticn
of Cge In Ghe prassnt etudy alsc s singls injecticn of Cy
waz given to ducklings and at & later stage, SAOC/S.tyohimuriun
was also sdminietered, Gince no reganerative changes wers
detected in winoculated Cyetreanted birds, the changes noticed
in this cssg, were dud to antigenie stimulatlion,
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Bursas of testostorone adniniatered ducklings zevealed
along with initisl Sepenerative changss of the epdithelium,
lccmaly arrpanged lympholid colle throughuut the period of
obogrvaticn. ©n the contrary, almost compiete ahsance of
Iymphooytes in the buras was reported in day old ducklings
(Glick, 1953) and 19 dsy old chicken (Gliclk, 1969) after
treatmant with TP, slthough & regencrativa change was
observad in the lattor by 43 Saya of age. bBut stimulation
of bursal follicles charsstarized by activated germinal
cantres after incculaticn with SREC/S. tvohimuriyn was
obeerved 4n tha pressat otudy and this xeasticn was pro-
found in 3, typhimuedun glven group during 10th veek.

In the bures of antiburssl serum trested birds, the
follicles ware twell formed, with loccely arranged lysphoid
cells, but without actéve garalnel centres at the 5th and
the Oth waokis. When theoy ware stioulatad with SINC, although
inicially there wae & tendency for nesrctic changes, by
B8 wesks, dtffuss lyrphold proliferaticn ond by 10th veek
aotive garnminsl contre formaticn were chsarveds. Inoculation
with S Suphimuriun oleo resultad in bursal stimmlation with
active germinal centrs forxmaticn, There are no published
repcrts on the affact of ABS on the histology of burca.

On the whole, ths bursal development was found to be
highly supprossed on tregtrent with Cy. The ADS and tewto-
storens treatrments also alicitad supprassive effect cn bursa,
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ut to a comparatively, milder extent, On stirulstion with
SWC/3s Syphiruciun, ABS as well oo testosterane treatad
birds recorded pursapl) activaticn with germinal centra formae
tion, but at a lator stage 4in comerissn with nNOa=ursecto-
mised hirda, The Cy trsatad birds also reacted ¢6 antigenic
stimnlation at a later date, hut with a cooperatively wesler
burca having extensive atrophic changee.

The bursa hos heen conoidared as a central lywhoid
orgen in bizds involved in the normal functicning of imwsoral
irmne systome BDut in ¢he pressnt study, 4t was cheerved
that there was a profcund proliferativae change in ghe Mursal
£ollicles with active germinol centros indicating the organ’s
involvenant in the irmune zosponoa te antigenic stimulatdon,
The mecrophags as well as raticular cell reacticns clec vas
suggestive of a raagting tursa, Hence it sppears reascnable
te censider tho burss in ducke as an croan with probably a
dusl role, pesrforming central as well as peripheral functions,
This dusl role had been cbserved in the burss of chicken
which formad specific antidodies agsinst antigens intreduced
into ehe luron, after 41ts separaticn from tha rest of the
out asscaiated lymphois tissus (Mdppelainen st pl., 1907).

Spleen
The gplegn cf nonebansectonised dueklinge insculated

with SROC revaaled gencral proliferative lymphold resction,
without follicle formsticn wharese 3. Syrhimuriym stimlsted
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ones revealed muersus follicles with active gerninal centres
by 10 weeka, along with the inltial lymphoid prolifaration.
Bt. Pierrz and Ackerman (1966) reported that in chicken, the
davalopmant of lymphooytic nodules appearad to be depandent
on the Inmmoral actics of the buras. In the present study,

the cbsarvation that only S. Syphimuriun (8 dspendent antigen)
incculated ducklings had spleen with nuenercus active follicles
suggentad that tha absve £inding was true in the cass of ducis
aloo,

In surgically bugsactondsed ducklings, the lymphold
reastion in the spleen was nct striking in any stege of
observation. Stimulation with SREC/S. Lyphipuziuym resultad
in reticular cell hyperplacia, while diffuge proliferation
cof lymphocytes, especially in ths pariastorisl shasth, was
praminent 4dn tha lotter case,

Cyclephosphanide treasted birds ravealed dcpletion of
lymphold eolle in splean, without follicle formaticn. Sinfe
lor chagrvaticn waa wads by prassd {1973) An Cyetrsated
chickens In addition, when S22 waa givan in the pressnt
study to Cy-ducklings, diffuss lymphold hyperplasis, a few
micrafellicles and a few germinal centras were cbserved,
Active gerninal centzes vere obzsrved in the splesn from
5 week cowards when stimmlated with 8. typhimgetus, Thie
enhanced reacticn also lends support &0 the postulaticn of
Ste Picrre and Ackerman (1966).
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Glick {1969) reportad that the mumber of bursa dapene
dant follicles in the splecn was reduced in 7P Anjected
chicks, active germinal cantre formation was not observed
in testostozone tgeated uninoculated ducklings in the present
study alen. Dut whan thoee birds were stimnlated with &35S,
reticular cwll hyperplasia and active germinal centre formae-
tdca by tan weoks vere recordsd, Similer but more sxteneive
and striking reschiong were obgarved 4n the case of S fyphd-
isfye incculated birda elso, from Zive weeks omwards,

In antiluroal serum treated ducklings, active splanic
lymphold follicles vere obearvad by 10 ieoks of ags only,
89 agoinst thelr cocurzence by £ive weeks in 0AB0/3. Lyphi-
rgedun stirulated groups,

From the present study, it was evident that bursa had
a cole in Lyrphoprolifserative reacticns of the opleen.s In
SBx disekiings which completely lacked bursa, conly mild lymphow
rrolifarative change was ghasgrved, shat €50 only 4in
Se Luontrurdun tnocculated gecupe Sincs the development of
lyrohocoytic nodules 4 splecn was considered to be depandent
on the humoral sction of the bursa (Ste Florre and Acharman,
1966) sad since a bursa wes gheent 4n this case, tha gbove
zeéaction qould have occurred with the help of B=cells derived
fron extyaburcal scurccts

in the presont study, sarglcol Bx vas conducked at
5 days of ag@s Glick {1953) had reported thst the ursa of
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ducks might release its immunclogically competent cells or
uxeoral subgtences during embryonic davelopment. [iance the
prolifarative rescticn sesn in spleen coculd 2lso have been
due to sunh fmrwnecorpetent cells releassd from burse during
axbryenic dsvalopment,

The othor groups of bursactonised ducklings possessed
urss, eventhough it wae very mich reduced in sizs in the
Cyegroups In thesa cacses tha iympliosproliferative reaction
was nore marked. Tha incroassd intensley of reagticn in
theps cases gould be attributed to the existing and gradually
ragenerating bucsa,

5 =4 5 e =1 )

¥ ona with neowkw

Separaticn of gicbulina foom pocled sarun samples was
aarried cut empleying neutral salts idka pormendum gulphate
{at 333 and 40% levels) ar ssdiun sulphate (in thrae stages
of 183, 4% and 4% £insl concentraticn). lilgher protein
concentraticns wera shihsined for the glchulins precipitated
by 40 senondum suiphate (S.989 g ¢ and by sodium gulphate
{4 g %)y comparad to 333 amconiun gulphato (1.488 g <l). But
on Armamoelectrephoratic analyais using antiduck sorum ralsed
in rahiit, the 33% amasnium sulphate recipitated Zraction
wes found €O b2 more pusc, compared to the other ¢wo. OSin
procipitatian aces vera producad by 33% smnoniun sulphats
precipieated globulin fraction against rabhit anciduck serur
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on tho other hond 40% asmoniu) oulphste end coddun sulphate
procipitatad fractions hed ten and tuclve svesd of preciple
toeticn raspectively, vhich wes noxe simtlar to thw immuno-
glectrephorogran of whole duch sszum, whare thirtsen axcs
were prodused agadinst antiduck serums This indicated thak
40% SN2 end sodivan saiphate Aid not completely romcve the
albunin Zraction of gsrym and honce the higher proteln cons
centrations abtained in thosg cases wers due to contaminaticn
with albumine This rasult was contradictory to the obeerva-
ticn of Fei et al. (10G6), who precipitated duck sarum gloe
tlins using 40% SAS. The fracticnation teohniqus of Toth
and ticzerescs (1981a) using sodium sulphsta at two succeselve
concentrations of S0 an® 33% was not tricd in this study.
on further chacking the purdty Gf 33X ASS precipitated glo-
buldn and Ammucelectrophorasie againshk rahbit antiduck
gictlin, twe Lold precipitation sros were ociteined, one
axtonding fram the well encdelly (suggestive of Ici), and
the other seen @lose ¢t the antiserum trough and extending
on elthor eids of the antigen well {ocuggestive of Igh).
Besides theag, four falnt ares ware alsc soen, merging with
the nbovs two, cothodally. Crey (10678} velated that dmmunce
elactrophoreais of starch block isolated gammamglobulin fron
dusk serun ehoved thrse antigenically distinet proteins in
the gemma globulin region. Ono extended dirsctly froo the
will, siatlar ¢o mamalian gemsa M globulins while the othwr

tus vera located 4n the reglon whore mammallan goima € globte
34ing were usunlly found.
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Hence, of thw three {racticnation methods employad,
33% oAS procipieaticn was £ound 60 b mars suitsble ger
Zrostionation of duchk globuling.
purificeeion Of serun clctulius Ly qel Siltration
ghrengtoarsoly

dmoniun eulphats presipitated gicbhulins when subjected
to Sephnden C»200 chromstography, tvwo malu peaks were
ravealed for thz eluched globulin fracticns, Practicnation
of chicken gerun globuling by this mothod by earlier workarse
alses resulted in the slution of proteins 4n &vwo mein pesks,
the firgt major pesk being lsrgely compesed of IQ gnd alphae2
macroglotaiiln and the sacendd major peck composed of IS
(Higging, 1978; Gool gh Dles 19203 Handapalan ef 3l., 1983).
Grey (19673) cn the osher hand cbtained three eluticn peasks
en ssphades: G-200 gel filtraticn of duck garma glehalin
fractions. Ths first peak was found &o correspond to the
Ig'l Sraction, clong with varying amcunts of 1ipid and agore-
gated makerisl, spd two incorpistely resolved peaks followed
the £ir=t neak, cepresanting the 7,08 end 5.78 IgG fractions
respactively, Grey (1987s) alsc chbaserved that the pelative
halighite of the escand and third pesks varisd with tha species
of duck and state of irmmundzetisne The absense of s third
peak 4n the prasent stuly might hovs baen due to incsoplete
separation of IQG to 7.88 and $.73 fracticns. Dventhough
the sephindexn buffer used was the same, the height and width
of the colwm was different {n the twd canes. A sephadax
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colum of 2.5 % 100 en wez used by oxey (1967s) while a
sharter and shinnse colwin of 1.5 x 70 cm was used 4n this
stulye Also, while Crey (10673) used liuscovy, thite Dekin
and MHallord ducks for his experitent, arcsoeshred ducklings
{Deeod x Khaki Carphall) wers acployed for thio study., This
cculd alse have conteributed to the eliminaticn of the thirxd
pratein peak,

Ismunoslectrophoresic of tha poaled frasticns of the
asconding limd of the £irst rojor pesk ajainst rahbit antie
duck sarum yilolded a difsuse line cxtending anodally from
the cntigen walls. RAconzding € the reports of the earlier
workors mantioned above, the first rmajor peak obtsined after
eophadex G=300 fracticnation comprisad of XgM and alphe-2
macroglebulin 4n chicken and IgM in ducks. Hance the frac~
ticns of the ascending lird of €irst major pesk cbihained in
this etudy could bo takan &8s Ighs. 7he production of a diffuse
line extending from tho snkigen wall indicated that the I
okteined was in cecipure forne As IgA has not 50 £ar been
detoctad in ducks (Parzy end Adtken, 109793 Toth and Nercross,
19818), the contazinant in IgH could e IgG. Concentratad
and rerun accending fractions of girst nsjor pesk yielded on
domunoelectrophorecis against spocific hypseiomune serun, a
single procipitaticn arz extending dlrectly from ths antigen
well, anodolly. These resulto cre in accordanca with the
chosrvation cf Grey (1987a) who also found a precipitatica
arg extending dirsctly fron ths well, similar tc msmmaldan
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caas glotuidn, on immnoelectrophozesis of starch block
inolatod duck garmegliobuline. Hance the precipitaticn sre
chitainsd in the prasant stwly on irmunoglectrophorasis of
rerun firat peak fractions could be taken es that of purified
X¥yte Toth and Horcross (19813) chssrved that duck IgH vas

& slectrophoretically hoteropencus protelin with compenents
mdgrating alowar than Igt of cthor species and that the cathoe
dod tip of duck IgH lines extended inta thes gama-2 aigraticn
TENS.

Fractions of the escending limb of the sscond mejer peak
viien subjected to immncelactrophcresis ageinst rabbit antiw
dusk oooin produced & precipitation oro located clsase to the
antigen well and extending on eithor side of it, Tho sars
type of are weo prolwesd againet speciffic hypariomine cerum
al20, vhen ooncentrated and rerun ascond peak fracticns wers
useds Iunoelactrophoresis of chicken 219G ajainst ics
anti=-Ig0 reveslisd chat thiz are correspendad with that proew
duced by chicken IgS. Geey (19670} revealed that duck 8,7 S
protein formed a pracipitin dand very €lcse to the antiserum
tzough, while ths more ontigenically complete and more slowly
digfusing 7.8 S protein formed a bend behind {t, In lemnoe
elaectzophoresis using duck whole secum end 4ts antiserum,
Teth and Noreross (19812) dstactad that besides the IgH and
major Ig0 axes, thers accurrad snothey arc also 4in the form
of a thin line immedigtely within the curve of the rajor IgS
dine and marging with it towards the cathodsl ends This was



presuned to he a ninor IgC ars.
mincr arc was act founds It might be due to tha formatdon
of a oingle major posk, instesd of two incarpletely resclved
paaks, follewing the €irct major psak. Tven then, the oiGe
ducticn of a single procipitation arc by ths second peak
ascending f£ractions which correspended with the are produced
by chicken IgG indicatsd that this src was thet of purified
éuzk IgS. High crogsezeastivity hed been obsezved batween
chicken Ig0 and Auck 7.85 Ig (Simmerman g gies 1971 hadge
and amdbrogins, 1994). Hence the IgG which was chtained in
i present study, could be 7.8 5 Ige

Sa n
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In non-bursectaonised ducklings, the total sorum proteln
vas found 4o rangs £rom 1,813 g % (at firvst weekr) &0 4,313 g%
{at 2uh weskl, 7This agrasd with the reports of esrlisr wore
kexs (Drandt gt ale, 19513 lorgsn and Glick, 1972). Defalco
(1242) zaportod a valus of 3.50 g % £or total proteina in
ducks, while curendranathan {1945) chtained a total protein
valud of 4425 % Cel9 g % in adult male dus™s anl 5.00 &
Geld ¢ & in afuit nonleying Sesale,.

Among thae bucesctonlssd ducklings, the rZanpes of total
serunm proetein from wacks leS wars, 1.98«3,313 g 3% (882),
14933-3.013 ¢ 55 (Cy)e 2,188=5.375 g B (T) and 3,0=2,313 g %
(anS)e The serum protedin levels in a1l four groups cf
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ducklings xevesnled s decraesce in ths second week, compared
to the firet woek. But tho control dusklings chowed a
staaldy incresse in level. This micht hove bsen due to the
affact of Bxs Tha 6ffcct might have been trpnsient since
fzem the third weak, burssctonised duckiings of all groups
axcept A0S recordad hicher protein levels comparxed ¢o second
ueslt, In ADS group, higher praotein levels cocourred from
fourth week, The rmoxdrara sarizi protein lavel was chservad
at the Bth veek of age in the contzel, SEx and testssterone
treated groups, wheress in the Oy and A0S treated groupe,

the naxioan levals wexd sean et the 7th and 5th weeks respec-
tively, Tho sarum protein levels at 10th wsek showed a
denline in oll the groups axcoph ABS groups lorgan and Glick
(1972} reported that nedther surgicel nor hormonal Dx had any
signidicant offget on the total protein level in chickan,

tio published data ere aveilable o the efizet of hurseckory
in the serun proteldn lsvel of duckas

1t was gean £rom the rosults (Teble 13 and Fige 3«6)
that the totsl serun protains of duckiings subjected to
varicus trsatoants were not giving a regular pattern, Dut
in general, there twes an initial decreass, f£ollowed by an
increasc, a week lator. Since similar work was not seen in
published poports, these cheervaticns could not be coampared,
Tha initial docrease in serum protein might be Gua to the
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inmodists affect of antigen sfnindstration from vhich the
birds racovared & waek lator a3 indicated by the rise in
protein level,

Arong bursectoniesd ducklings, sntigan incculstion st
all three age groups of 7, 28 and 42 dey= produced mntivody
titres £ar below thosa of controls, o ansibody titres vare
praduced dn ghe £ollowing traatments, 58w group X (at day 7),
geoup 11X (ot day 7). Oy group I (at days 21 and 28), group 1T
{at doy 28) and group IIX (at days 7 to 20)p Testostarone
traated group X (at day 7), and greup IIX (ot day 14), and
ABS group I and XTI {at dsy 7).

Glick gt al. (1083) found that hursa played a vitsd
zole 4n the production of antibodies to 8, Lyphimucdyn and
that the antibody preduction was grsatly dscreasesd in birds
bursgetonisad during tha £irst dow veeks aftor hatching.

The effoct was found o decrssse with increasa in age.
Similer results were obtained in the pressnt otudy in SGx
birdo 4n groups I and 1IT vherein eventhoush no titra vas
okeerved ot day 7, increased titres wera seen from doy 14-28.
Glick (1962) on the othor hand hod reported that Bx of Uhite
Pakin Quoklings ot four Soys of ags oX lataer, only slightly
reduced the entibody racponse at sis wesks of age. Contrary
ta this £inding 4n this study the sntibody level of $Dx birds
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glven antigen even at 42 Gsys wan coplotely shboent at 7 days
rosteinesulstion.

Ste. Plerre ond Aglerman (1985) zeoorded that chicks
bursectomiacd by TP injaction on the £4£th day of incubetion
showed a magked inobility to produce antibodies t6 Z. Lyphi-
gundus  In this study, s narked rsdusticn in antitcdy titre
was not sesn in teshostercne Group, compared £0 other treote
ments, evanthouch campared to control the reduction vas
ngrkeds Thie con be piizibuted to the poor action of testo-
sterona on tha burss, ss discussed eariier.

Lezman and Ceidana {1970} found that troaumant of chicks
with 4«6 rg of Cy for £irst three days of life suppracsed
prirary and sscenfagy rasponess ¢o S. Lyphimgedym. 7he
rasilts obtained vith Cyegroup in this study aste in agrsenent
with this obsarvation,

o data nro svailable on tha antidody titre in birds
ursectonised by ABC. Sut & reduction in titra compaved to
control was seen in ADS group also, indicating suppressicn
of specific immine rasponsa. This obssrvsticn is quite
dnterasting fxom the point of view that ANS did not have
ruchy effect on tho burcal woight and in its histopathclogical
appesrance. Proinbly, ABS specififeslly acted oa B cells
concerned uith secognition of 8. syphioneiun anticen.

b} Sheep xed blesd gell gggintinotion
Ameng the burseztaoniced ducklings, lcwered antibody
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titras thon the control ware obsorved in all thres entigen
given groups of Snx, Oy and T and in groups IZ and III of
ABS tragted birds, Croup I ABS administered ducklinge
reavealod tivrss ddenticsl o that of tha control at days 7,
14 and 21 postsinoculation, while at doy 28 the titpe waps
lover.

The zepults rovealed that in SBx and T treatosnt groups,
inoculaticn of gntican at days 7 and 28 produced steadily
Ancreasing lovels of antibsdy, while sdninistration of antigen
by day 42 produced idzntical ontibody lavels in all four wesks
of observatian in 58x, ol steadlly decreasing titres 2n
Tegroup., In Cy treatsd ducklings, antigen administraticn at
4203 Aoy Zevealod n very low antibody titrs at first week
post=ncculation and gt cther wseks titvas were completely
sheente In groups I and IT titres showed an increase upto
day 4 and chen decriased ADS gliven bivds hod steadily
dnereasing titres of antibody by inoculation of antigen at
days 7 or 42, while ansigen incculation at day 20 produced
steadlly decreacing titres,

Glick g gle (1958) found that $n chicken bursectonissd
during tho firet faw wacks after hotching antibody production
agalnat SWC wao reduced. Glick (1962) reported that bx of
thice Pelin ducklings at four days of sgs or latsg, only
alightly reduczed tha antibody scoponge st six weaks of age
and that at 24 wesks, burasctemised birde exhibited o signie
ficantly lowsr antibody titre than contrels. Bventhough tha
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antibody response of che Uhite pPekin duck was nct influanced
by 58x at hatching, the ducklings hatched cut fzom egge
dipped dn 2 g % TP on Sth day of incubvation fatlsd 2 ress
gond to Splmonells pullorun (Glick, 1983), Hirota and Dito
{197%) found thot antibodies profuzed by Th-trastad chicken
against SREC were slmost axclusively IgM type, and that hore-
ronslly bursactonised chicken rosponded to SRDC €0 a higher
extent than thess surgically burssctonissd in a neuly hatched
period, Hircta gt ale {(1976) meported that tha production of
I8t aneidedy sgalnat SANC wae not affected significantly by
TPy while imcming responses against bacterial antigens and the
produstion of 156 antibodies were strongly suppressad,

Larman and Yeldsnz (1970) cbservad that treatrent of
chicks with 4«6 ng of Cy for £igst 3 days of iifs suppressed
the primary and sasandary responses ¢o 5i0C.

Contradictory to tha ouaervation of Gligik (1963) in
thip study 58z of duchilings peotiused suppreosion Gf antiesine
titzes even from day 7 posteinoculaticn. Uhile Glick (1962)
performad Bx at € days of age, in this case Lx was done ot
3 doys of ags, which micht contribute to s5ome extent Lo the
raduced titres obtainad, At the same time, refuced antibody
titre in Sucklings hatchad from testosterone dipped eggs
syventheuch was sgen at 7th day in group I, it stezdiily
inoreassd to 128, controry to the observaticn of Glick (1963).
It might be que to tho uss of tsastosterond in this study,
instead of 7P, &t 8 lower concentraticon of 1 ¢ ¥ The severe
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euppragsion of antidody responses in groups X and IIX of
Cy=trentad ducklings was in agrsement with tha cboervations
of torman and tetdanz (1970). 7Tha higher antibody titres
obteined in tastostarcne treatad group, cempared €o 855x
group, was in sccordance with the findings of Hirota aend
Bite (1073). Suppression of antibody titres was alss ssen
in AD9 given ducklings, in groups IT snd XIX while in group X
the titzes vere more of leos similer o that of tha centrol,.
Thesa fdentics) antibody titres as that of ths cantrs) seen
in group X might have been dus €6 IgM entibodies, since
Nokatani gt ale (1986) have roported that tha Ig antibody
resporises wara found ¢o be ralativaly insusceptible o the
cytotaxic effsct of AUS while IgS rasponses vere highly
susceptible, There are no published repcrts cn the effect
of ADS in Aueklingae

Ameng bursectoniced dudklings, S8x group chowed a higher
Ig lavel than age-matchad control at wooks 5, 6, 9 ond 10,
Cyclophosphendde tranted duckiings zecordad higher Igi! levels
than ageematehad control st weeks 3«7 vhilc in testosterons
given ducklings highcr thon control Igt levels were absexved
at vscks 3 %o 5, 9 and 10, In autiburcal serun adeindstersd
birds, the Igh lavels wirs higher than sgesmatched controls
at waeka 6, 9 and 10. The serum IgM levels of the control
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and all tha bursectonfesd groupe sxospt ABS group, wers high
in tho firck week and therenfter decrsassd, In ADS group
thare was a gradusl ring in Igt conceatraticn frem the £irst
to the thizd wesk,

Hany uorkers have choerved slavated IgM levals in butw
sostomiosd chicken. Dut aimilar dats axre not avollable for
dugka. Claflin gt z2l. (1966) reported that surgically oF
hogncnally burssctomnised chicksn synthesizsed chiefly IgH type
antibcdicn. Van Metar gt ale (1943) have reported that dese
pite its suppressive effect on primacy antibzdy respcnses,

81 at hatching had no effect on the early risg in cizculating
Igie Laner gt zke (1971) alsc choerved that Ig levels wera
markedly alevated with cazlior Gx. Morgan and Olick (1972)
zacorded higher than gontrol I layels in SEx and D% groups.
Sawzda end bise (19200} found that colls producing Igt antie
bodies wers less suscoptible to the cytotoxic effact of
antibursal somm, earpored te thoss producing I3 antibodies,
The olavatesd Ig levels chtained 4n treated duokliings 4n

this otudy are in accordance with the rasulits of the above
WOLkere.

Lercan and Uaddanz (1970) cbaserved that 4«6 my of Cy
given for £irat shree consscutive days of life raduced Igi
and IgC levols 4n chickse Dut in ths present study, Oy
trasted ducklings had elavatod IgM levals conpared tO Conw
trol at wecks 3-7. This rmight hova been dus ta thoe lower
dose (2.5 mg) of Cy usads
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Seryn gongeatraticn of IgM 1n nonehursectomicad and
hursceteminsed duckidnes fnaonlased with S13C/S.tvphinueion

Coarparing tha three age groups at vhich 572 vas adnie
nistercd in bursectomised Sueklings, IgY values hilglez than
contrel level vere cbhtained in the following casast In
0Bz CR grevp T and group II3 in Cysi gooup 7I and Group IXX;
in 0 group I and group I3 in ARSY gzZoup I, oXcup I and
group XIX.

8o 2yphiryrium inocculated bursectonisad duaidings
revoaled dn £hs following treatnents, higher IgH levels
than goplral at the ehrec age grouss, on antigen inosulation.
In Soust higher lavelo were seen in groupe Y and IX. Higher
levelo of IgH wero chlained in Cy3t gooupa I to IXT; in Tce
greup T and 41 ADSE group IT end group IIX,

The increased I levels than control ssen in hurssce
temiced dnogulsted duekidngs corzaspanded €o eariicr reports
of elevated Ig! levels in burssctomiscad bizds (Claflin gt al..
1546y Van llaker g% gle» 19603 LoEner of sles 1971; llorgen and
Glick, 19723 Sawada and Bito, 1980).

G cagantrsticn of Zad dn andaad
2nd bur ey

Areag Lhe burssstonized duckiings, idn SOL greup, lover
I3 levele thon conticl vore chtaincd in wacks I=¢, 7, O
and 10 whilo the levels wore higher at othor woecks. Ia Oy
treatad group, wocks l-4 and 7 chowad lawer IGC laovels while
at wacka 5 ond 6 the levels were dontical and at wecks Q=10
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the levels were higher thon cantrole Testoatercne adminde
starad ducklings ravesled lower IgG levels than ¢ontrol at
veeks 1=4, 7 and 8. ligher IgG levels ware detected at weels
5, © and 10, ¥hile at week ¢ leval identicai to control was
obtained, 1In ABD treated group, lower IgG lavels wers
obtained at woeks i, 2 &0l 4 compared ta control. At 8th
uoek the IS levels of both ARS and centrol groups were the
eane, whila tho levels for ADS were higher than cantrol at
waeka 3, S 00 7 and 9 and 10.

Van fster gt al. (1969) reported thed Bx &t hatching
delsyed, but aid not prevent the normal increase with age
of plasma IgC concentration, Horgan and Click (1972) slso
ovoerved o delny in normal IgC producticn in chicken bursec-
tomised purgically or hormonally. Peray ond Siancnstock
{1573) found that Bx st hatching led to s moderate decreass
in 196, cogpered to sham bursectonised chicken. litrete and
Bito (1975 cboerved dacresossd lavel of Yo until Oth week
in bursesctonmiced chicken.

Lerner ¢t al. (3971) repcrted that Ok parfoxred as early
as the 3 DE with testogtercne propicnats resulted in marked
lowering of Igt.

Letnan and voldanz (1970) Getected zeducsd levels of
IGe dn chicken trezted with 4«8 mg of Cy in the £irst 3 days
of life. Cells profucing IgG antibodias were found to be
hichly susceptible to antibursal serum (Sawala and Dito,
19003 Makstant et ad.. 1996).
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Thara are no publiched reports on the IS levels in
tursactoniced ducks, Dut the reduosd oG lovels a% the
£4rst Jour weeks in case Of 50x, Oy and Tegrcuns are in
ackordance with the previcus reports on Ig0 lavals in ke
sectonisad chicken. In ABS group, reduction in YIgG level
1en saen st 1, 2 ond 4 weeks only, Andicating & lesser
suppressive effect by ADRS on hurss, compered to the suppre=
asion produced by othsr treatronts.

3

2

arya concantration of YIS in normhurnoctonte
purssctoniseg dqucklinns inocybated with SURC/

A G- Suphimgeiun

Among bursectonisad duckiings given S, SDnIR showed
hinghar IgG levels than control in group IZ and grouplll In
Cyse, higher IgG lavels comparsd to cankrol wera raoarded in
group IX and group IIT. Testcoterone adninistered and SIOC
given ducklings revesled IGG voluas which were highar than
control 4n group IT end group IIX. ADS traated ducklings
had highar 1aG concontration in compariecn with control in
group IT and in group IIX, In group I, the traated Aucklings
ravealed aither lcwer or identical IgG levels compared to age-
matehed aomtrolo.

In Se Syphimuriun inoculated bursectomised ducklings,
highar IgG levels than thot of apeematehad control were
cheerved 1 qroups ¥ to IIT of Snx3t and CySts dn groupe XI
and IIX of THL, and in groups I €O IIX of ADGE.

The production 6f lower levels cof IgO than control in
G800 given burgectomised ducklings of group I was 4n
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accoxdance with the Sindinge of other vorkers (Van lieter

at gles 19698 Lormon and vetdsng, 19703 Lormer et ales 19713
Horgan and Glick, 19723 Perey and Disrenstack, 1973 Idrcta
2nd pDito, 1975; Sausds ond Dito, 12803 MNakoteni of gles 1988).
At the same tine, higher IgG levalo ccuperad to control, seen
in groups IT and IZX of 50BC given and all three goroups of

8, tyohimueiun given burasctomiesd ducklings are gontradio=
tory to thess £findings. Glick {1586) ohserved that while
Cy-troatad bDirds locked IgS antibody to SANC, shoubk 504 of
the Cy birds produced none-speciftic IgG. Such non-spacifie
oG producticn might bo the causer of alevated IgG lavels in
pursectcaizad birds of this study elcd.

[ don o in

On quentify ing the immuneglebulil in bile of non-
bursactomicsd and bursactomiesd ducklings, precipitaticn
rings were produced only against anti-IgM, whils no ring
formption coourres against anti-XgG. Thie indicated the
presence of gnly I in bile of duekidnge. IrTOMOelectro-
rhoresis of duck bile sgainst antiduck gerum alss confirmed
this cbecrvatian., These resulte axe in agreemant vith tha
obesarvaticas of Pamels end Hgeins (1986) who found Iy of a
atnsle claps in dauck bile, with a molacular waioht of 890,000
and sugestaed that duck bildary Ig was an Igil-like molecule
eocretod independontly of ssrun Ig. Studies by Hadoe and
aproeius (15£5b) also roveasled that the bililary isrmmagloe
buldns of anseriforn birds were Ighelike,
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thile the bile of control ducklings showed a high cone
contration of I (4,025 oo/mll, the Igh concentration uas
greatly redueed in 88k (2.0 my/ml), Cy (1.0 ma/inl), 7
{3475 ng/ml) snd ABS {8,025 mg/il) groups. while no pube
Aished raparto are available giving Igd values 4in bile of
bucesctaniecd ducks, Hadge end Ambzosius (1588s) in a come
parative ptudy on the structurs of hlisry fmamcglohulins
£rom chicken, turksy, duck and goose, had cbserved that the
bile from thase hirds contoained immnogloimlins in pelativaly
high amcuntn of 4.5 ¢ 15 mg/ml. The decreese 4n IgM cohe
cuntraticn 4n bile folloming hurssctomy and the adsance of
ocuzh en offact in scrum concentration of XpM 4n She sams
group of bdeds indicated that in the former case, ths colls
concarned with IgM production ware depandant ca husea, but
not 6o in the lateor.

thsn the immnoglocbulins in 609 yolk samplce were quane
tizated by Uaneini's method procipitation ringe vera proe
duced sgainst antieIpi and sntieIgh, indicating the presence
of both Iget and IgG in eggy yollts CDventhoush the quantitaticn
of agg yolk Amounoglobuling in ducks had not basn done s
far, thy gbove Sindings were in spreenent with tha chbservae
tions of Yamamobo gk gle (1075) who Zound IcH and Igh aleo,
besides IgO 4n soncentoated preparations of egg yollk of
chiciean,.

In this study, the Igi level in egg yolk was found €0 be



214

dn tho ranpe of 2,02 my/ml to 4.44 mg/ml, with a maan con-
contration of 3,425 ma/mle Ths 1gG concentraticn ranged

from 7,18 o/ml to 9464 mg/mi, with & mean vaiue of 8,0 moy/ml.
only the quantitaticn of gC in epy yolk had baen attapted
previcusly, that to0 anly in the donestic foul and in the
turkey. The aounts of XIg0 in yolk had been zeported ta be
2035 my/m) in hen's egg and 2«6 ng/ml in turkay's agy (Rose
and $rlens, 1931),

Role of bursg An gntiboty production

he resulte obtainad in bagtexfal agolutination and
SREC agnlutinaticn tests Andicated that an irktack buvrsa uwas
roguived for specific antibody producticon in ducks, This
chaervation was contradictory to that of Click (1953}, who
foun? that while Dx of tihite Pekin ducklinga at 4 deys of
age or later only elightly reduced the antibody reapcnse at
& weaky, a signigicantly lower antibody titre than control
vas chtalnad at 24 wecks, This 1sd Glick (1963) to postu-
lata thet Bx after hotching would be €00 late to aignificently
influence the antibady response of the duck as tha bursa of
ducks might relsase its dmunclogically csmpstont celis or
humoral aubstances durdng embxycnis doveloprent.

The fact that the hurac-less bird was able to pradace
Igts, sugoested that the function of the bhursa was primarily
te dnduce the transitdcen feom syntheois of Igh to that of
IgS rather than to indtiake IgH eyntheeis iteclf. Under
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cizrzunstaneen in vhich the buroa was prevented at an early
shage €rom forming the potsatial to produce Igt might develep
in another past OF the body but the nonwbursel eite might not
be able to induce sfficient differentiaticn of tha IgS systen.
Thase results indicated that the bursa had a major role only
in the maturaticn fraom IgM to IgG syntheals (Larner gf gl.,
1071). ticticks ond van Alten (1972) have also suggested that
ursa might not be pecasgary for oll types of antikody xase
ponsese Dy experimante involving SBx from g8 early as 52 h
of embrycnaticn, Santovic eb gls (1975) alsc choerved thet
tha bursa might not ba chifgatory far the devalopment of the
bursal cell line.

Conparative studiee of Decoll develcoprent in the buras
and bone marrow of tho ehicken after hatching provided
support for the viovy that the bone marrow playsd an Amportant
rale 4n the gensratich of tho Begoll repertcire (Rincsde
o4 £)es 1973)s Hobicks (1573) also postulated that the bone
morzow couldd e & nonebursal otte for Decall &lfferentiation.
Glick end Rossd (1981) suggastad that avian bone marrow micht
possess a progenitor pool for virgin B colis that was dige
tinct €oom B ooll propeniters in the bursa and was indepen-
dent of that vrgen. Defus gt ale (2950) on the other hand
postulatad that the widespread mucosal nstwork comprising
Gof the brenchial lyrphoid agoregates, Harderian gland and
gut sssonistad lymphold tissue migat 40 addicion to acting
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a ssocondary lymrhofd tissue, raprosent ths bursal indepen~
dent sites of B-cell differentiation in chicken.

The prasence of clevatsd levals of IgH and IgC compared
to contrel in burssctonised ducklings, in spics of a decrsase
in specific antibody production against SaBC/3. typhdmiriym
indicated that as 4in the case of chickens, dusks might aleo
poESASs extrasbursal Degslle indapendent of the hursa of
Pabricius. Cventheugh the aite of producticn of thacs axtre-
hrgal Decollds are nck known till dats, avidences gre thers
to indicate that tho lymph nodes in ducks rmay have 2 zole in
thoir productiicon. There was no deacresass of plasma cells in
tha lymph nodes nor in the sploecns of bursschonissd ducks
{(Cugtrura and lachinoto, 1976), in which antibodgpeproducing
copability to Salmenella pullonun #as severely elininated
{tashiroto and Sugimura, 1976). This £iniivg showsd that
plasne cells might not originate £rem the burss. Suglmura
2% 3l. (1977) observed that in duck lymph nodes, tha para
oinuscidal srea of lymphatic nodules and the existence of
plasme ecalliz appearad to ke independent of both tha thyous
and the bucsa of Fobricluse The presence of higher IgG levels
in bursectonised duckiings compared to the control indicated
that the Ig0 produced might bs nonmepecific. Similary none
spscific ToG production had besn repocted fn Cystroated bhirds
which lacked XgO sntibody to SRBC (Glick, 1956).

Uaongtoloay
A comparison Of woskeulse totzl leuccepte counta revealed
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statistically oignificant Aifference (P<0.01) only at the
third wealk, that too only betugen tho tastosterane traated
gsoup and ehe S2r and Cy ¢groups. Gliick (1963) on the othar
hand 414 not £ind any altersticn 4n WEC gount sfter surgicel
or hormonal Die Jalkanen e gl. (1983} aleo reportad that
Six had g0 effect on the total lyrphocyta and athey white
coll counts in the poriphercl blood of chicken.

At many of the wecks under studys control and hursece
tomised dusklings revasied totsd leucccyte counts whilch vere
highor then thot cbassved by enrlier workers {Magath and
Hicoins, 19343 Szosnfvasan and Rao, 196% Surendzanathan,
1843)s Tha rcasons for this might bs breed difforence and
altared technique eeployed.

Bignificant differences in lymphosyta count bstvesn
tha contrel and various trsatmant groupd, under study were
datectsd anly at weaks 4, 7 and 8, Significantly higher
Imphooyte count compared to tha conttol was seen ab the
gounth wack (fn SBx and T) and ot the eighth weak {in Cy)
while signigicantly lower count than centrol was chtained
by SBEx at the 7th week.

Adcdnistration of testostovony proplonste had no signie
flcant dnflysnce on the aboolute lymphocyts count of ducke
linge and chicks {Gllalk, 190635 1969). Cyclophosphamide was
alzo not found to change the obscluta mmber of lymphocytes

{Glick, 1986). bDut sntibursel globulin adnintetraticn pros
duced a £all da circulating lynphocytes of chicke
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{Jonkovie g gles 1970} The results obtained in the pre-
sent study wepe contradictory €o these chearvations.

Septisbically efgnificant ditferences in heterophil
counto wore shagrved botwean the control and burscctonised
ducildngs in ehe follouing coseo. At ths fourth ucek SBx
and T groups had aignificankly lowersd hetogephil counta,
campared to gsontosle SBR groun showed sionificently higher
hoterephil ecunt then the contrel at the 7th waek, vhile at
the Sth veok, Cy-traatad birds hod markedly lower count,
oxpared to the contred,

Gidck (1983) choegvad thut the percantace of hatssophil
aount in ¢ weekeold duckliings woas not significently influenced
by (0. Sirmdler resultc were abtained in the presont study
aloos The abaolute murber ©f gronulocytes was not changed
by Cy=trastoent of chicken (Sldiclk, 18B8).

Jankovic gk ak, {1970) voporied that antilnmirsal glo-
bulin sdéninintration preducad a £all 4n gramulcoyts counts
of peripharol blced in chicka, Bintlar results were not
choerved in the prassnt studys

Coempazad to the contrel, ceainophil counts 4n the burssce
tonieed duckdings wers hichor, while the basophil and monde
cyto ccunto in conteok and SToated groups vere more or 1038
tha somo. Tha basophil and menseytoe counta obtainad in this

study werc much louwer thaon thak obteined by previous workera
{ilagath and Higoins, 1024; Srecnivasen and Rag, 106353
Supendrenathan, 1966} This night bo dus o bhrosd differsnce.
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SURRY

™a frowncglobulin profile and the role of burss in
sntivody production in ducks were investigatsd and pree
santad,

The role of bursa vas assassed by determining the
antibody titrves and quanti:t'aum of issmunogiobulins 4n
the sera ¢f noneduraectomised and bursectoaised ducklings
incculated with $I00/8. Syphimupiun. Bursectony was per
formed by sucgical, chomical, hozmonel methads or by treats
mant with antitaraal zezume Aniigen adnéinistraticns werw
dong at 7, 20 or 42 days of ago. The ducklings were sacrie
ficed four vaeks after inoculation, vis., at the Sth, 8th
or 10th wesks of age and the bady weights and waights af
arca ond eplesn datermined. Histopathological atudles on
the burea and sploen wexrs alzo conducted., The total and
dififerentinl loucsoyte qounts in noneburssotonised and bure-
sactomined duekiings were also dGetsomineds

The {omuncglohnlin profile of normel ducks was studied
by saparation and purdficetion of varicus classes of immnGe
glchuiins in duck serum and by guantitation af tha {mmunoe
glchuling 4n serum, hile and egg yolk.

In surgically hursesionised ducklings, thare wers no
significant diffexences in body weicht hetween tha none
bursectoniesd uninoculated control, SR, SGXSR and SBxSt.
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Cyclophwsphamide adnindstersd ducklings ahowad atstise
tically significent (P< 0.,01) redustion in mean body weights
in Cyc (898,125 g)s Cysk (1053 @) and CySt (1109.187 g),
uhen comparsd with the control (2240 g), at ths eighth week
of age only.

Duckiings hatched from egus dipped in cne per gent
tostostercns showed aignificant atffarences (2<0.05) in
mean body wedght between the control (777:8 ¢) and two treat-
mnt groups, vis., TC (918 @) and TCR {981 g), at 10th wesk
onlye

Aantibarsal serun sdninistered duckiings revesled signle
ficant reduction (P<0.05) in mean body weight 4n ADC
{704.167 g}, 28SR (624,167 ¢) and ABSt (896.567 g), whan
ocopared to control (843,33 g) at the Sth wesk. At the 10th
waek, Licwevar, ABSR hiad & significantly highar hody weight
(976 ¢} in compariacn with control {(787.% g) and ADC (739 Qe

among the different msthods of hursactorny employed, Cy
vas Zound to produce the maximum reducticn in body wsight
Soampared to other treatments,

Statistically significant differencss wera nct found
in waicht of buxsa batveen the unincculatad and incculated
groups of nanehursectcmised duckiings, at Sth, 8th and 10th
waakse

Surgicsally bursectonised ducklings lacked bursa come
pletaly, in 211 three age grouyps undar atudy.
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in Cy tvagtad ducklings, sicnificant xeducticn in buzsal
sige cocuroed et Sth, Gth (P<0.,01) and 10th (P 0.05) washa
af ags. AL 10th waek howevar, sigonificant dlffevences wera
cbsarved only betusen the control {0.709 ¢) and two tZest-
mene groups of OysR (0,249 @) and CpsSt {0398 @), ¥hile buras
af CyC had & highey welght (0.783 g) than khe conkrol.

Ho significant difCerences wered founxd in bBursal welght
of tostosterana treated duokiings in all thiee age groups
wdar study.

Antiburcal sertun sdnindoherxed ducklings regorded signie
Sloant differences (P<0.05) in mean bursal weight batueen
ABSH (0519 ¢} and the control {0.870 g) £nd also betwean
ARSR and ADC (1,030 g) cb the Oth wesk only,

Cn ooepatding Lho four mebhols of burgsctomy, SB was
found %0 luve the maxirm affect since Inrga was totally
abssnt in all ega groups under study,

Statistically there wore na sigolficont Aifferences
in splenic weight between uninooulated and inoculated nane
huzsestomiesd duckliings at Sthy Sth and Ioth wecks of age,

In susgicelly bursactomisad duckliings, sicnificant
differances vers noticad in rean splenic weiont (P2 0.01) ot
thoe eighth weok batween control (0490 g) and the three kreate
ment groups of S8BT {0.318 ), SURSR (0,218 o) and Smxst
{04278 gl
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Cyclophosphanide given ducklings revealed significesnt
differences {P< 0,01) in weight of spleen at the efighth week,
betwasn tha control (0.008 ¢) and CyT (0,270 ¢) and alsc bat-
waan CgC and the cther twe groupy of CysR (0.771 g) and Cyst
(0s642 G} s

Testosterane and ABS sdninisterad ducklings alsc failed
to ehow any oignificant zeduction in splenic weight.

Anong the four dlffersat methods of bussectony seployed
in this study, SBx produced aignificant raduction in spleen
size Of both uninoculaked and inooulated ducklings, at the
eighth vwaak,

Histopatholegical studies of the bursa revealsd in CsR,
st fiva weeks, weall dsfined follicles with looesly arranged
lymphocytes and intast susface epithalium, Germinal cantre
activity and magrophage Despontes ¥ers ssen at & weeks and by
10 waeks the lymphoid £ollicles wers vary sctive. CSt ducke
lings revaaled on the other hand, many astive lymphoid
follicles contnining lecskly arranged lymohoid cells even at
£iva veeks and by ten wesks, many sctive lymphoid £ollicles
had widened, active germinal centres.

amchg the hursectomissd duckliings, hursa was compistely
absont 4n SBx group. I Cyetreated duckiings, thars vas
axtensive dvuarfing and thinaing of the hursal folds, with
severs degrees of crypt foruaticn, The nunher of fellicles
vas vary few, with lcoscly arrangsd lymphoid cells. Lymphoid
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follicles of burea wars found to be hypertrophic by 8th week
and active germinal centres wers obagrved by 10th ek 1in
Cysh ducklingn. ¥n CySh group sctive germiuval centres wezs
produced by the Oth wask fecsif.

Burss of testosterone sfministered ducklings revealsd
alang with initial dagenerative changes of the epithslium,
locsely crranged lymphodd cells throughout the paricd of
ohservaticne Inoculation with SREC/S. fyphifsariun rasulted
in activated germinal centres sznd this reastion was profound
in 8. pyohimurius given group durdng iOth week.

In the burss of antiburasl sesun treatsd kirds, tha
ficdlicles ware woll formed, with locsely srrangsd lyrphaid
cells, and whan stimuluted with SRBO/S. typhimuriym bucsal
stimulation occurred wich active germinel centre formation,

The splean cf CSR ducklings revesied genzral prolifte
rative lysphold zaaction, without follicle formaticn, whersas
spleen of 3, vohimorium sticulatsd birds showed nunercus
follicles with sative garminal centres by 10 veaks, elong
with the initial lymphoid proliferation.

In 8ok duskiings, stimselatfcn with SRDG/3. Syphimorius
produced meticular cell hypurplazsie, andl diffuss proliferation
of lyrphacytes in apleen.

Cyclepnosphonide traatel LHirds ravasled Jdeplation of
ymphicld calls in splosn, without follicle formaticn, then

RO 3. yphimuriun wos given germinal centre formetion was
ohearyed,
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In tastostercns treatad ducklings, sctive germinal
cantre formation in splesn was chserved aaly on stimulation
with SRBC/S. typhizurduym, In ABS group, sctive splanic
ymphold Zolliclies ware cheerved by 10 waeks of age only, as
against tidic cocurzenste by Eive weeka in SRuC/S. Syehigueiym
stidealatsd gESupEe

Nronfun sulphate st 33% lsvel was fourd to be idesl
for £zactionation af duck serun giooulinn,

Imnunoslactrophioresis of vhols duck serum against antie
Suclc serun produced 13 precipitaticn arcs, while precipitated
glovulin showed oix araes against the sana antigezun, On
ismuncelectrophozresia against antiduck glebuiin, the preciple
toted glolin raveaaled mainly Swe Lold precipltation arcs,
one extanding from che well ancdally {suggestive of IgM),
and the other scan <losa &3 the antiseruyn tZough and exteand-
ing cn sither sida of the antigen well (sugpestive of XgG).
sk bile on Lemuncalactrcphoresis against antiduck serum,
produced & single precipitssion arc, extending ancdally from
the well {(sugpeseive of IgM.

Ammondun sulphate preainitated giotmling when subjectsed
$0 pephadoy G=200 ghotmatagwaphys two mein pasks wers
Zeeaied £O¥ tha eiuvtad globulin fractions, Coneentrated
and nerun asganding frecticns of £ircst major peak yielded
on immunoglestrephorssis sgalnet gpecific hypezimune ssoum,

a singls precipitation orc extending directly £rom the antigen
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axo located gicee to tha anticen well and extending on either
8ids of {t uon Asteckad on imuncelecktrophorosic of Congen-
troted and rerun spsond peak fractions agoinst opesifis
hyperimmens serun and it formed purdfied duck IgS. Immno-
electraphorasis of chicken IgS against 163 anti-JgG revealed
that this arc correspendad with that prodused by chicken IS,

The tctal sarunm protein congentration in noo-hursestos
olesd duchlings was Sound to range 2ran Y.013¢7 (at Jirsg
week) £9 3.313 g % {at Sth wask)s, Among ths bursosiooissd
ducklings, the serum protelin lsvels in all four groups revealed
& decrasse in the socond wank, conpared to the 24rst week.
Fiom the third week, buveestomissd ducklings of a1l groups
axcept MRS recorded higner prstein levcls cempared £0 second
wenks I ARS group, higher protein levels cocurred from
Souwih wonks AL 10th week, the sezum protein leveis showed
a docline in all ttw groups except ABS group.

In nowiarsestoniesd ard bhuresctonieed ducklings
incculated with S°BC/Z. Lyphirusiun, the tohsl sceum protedn
cencentratisne odtained wore not consistent, Camaring the
theee 302 gUsups of SaBC dncculghicn, only SBEusSR had lowey
than €SP 4otal serum protedin levels in graups T and XX, In
Se Syphipurius inoculated, bursectomised ducklidngs, only
Sbxst had sarum proteln levals lower than that of CSt in
groups T and 111,



216

Bactarisl eoglutinaticn test revealed that in all four
groups of Durssctomisad dueklings, sntigsn inoculation at
7¢ 30 or 47 dsys produced anttbody titreaz far belaw those of
controls.

In SROC agolutinetion sest, muong hursactonised duck-
1ings, loweresd antihcdy titres than the control werd ohascved
in groups I ®0 IIX of bk, Cy and T treatsd and groups XX
and IIX of ARS trested birds, Croup X ABS administered ducke
1lings revssled titres identical $o that of control at days
7. 14 and 21 posteincoulation, walle st day 20 the titre vas
lower.

Bureectonised unincculated duckliings revealed higher
IgM level than ageenstched contzol at wesks S, 6, 2 and 10
(cox)s at weaks 3=7 (Cy)s ot weeks 3-8, 9 and 10 {T)3 and
st weeke 2-8 and 10 {ADg), The sapum IgH lwvels cf the cone
trol) and all che bHursectontasd groups except ABS gRoup, wWere
high in the first week and thereafter decreassd.

In hurssctomisc? ducklings administsred 590, Igh values
highar than control lavel were abtainad 4in the following
gaseas in groupe I and IX of OHxSR and TSRy groupse XIT snd IXT
of CySRp and groups I &o IIX of ABER, Se Lyphimgeium inocue
latad bursectorndeed ducidings ravecled in the following
treatmants, higher IgM levels than controls in SSuoe groups
I and IXy CySe groups I to ITXy PS¢ groups Iy and An ADSt
groups IX ond XX,



227

Quantitsticn of Ig6 levels in bucrsectonised ducklings
revealed that in 5By, Cy and T groups loversd IgG levels
corpared tC age-matched contral were chtainsd in vwecks led
af age, From wasks Se10, the lavels wexe higher, lower or
the aame a¥ that of controls, in an inconsistent manner. In
ARD EzuetEd GEGUD, CUNMpSZed €6 CODERYl, lower S lsvels were
ohtained at weeks i, 2 gnd 4, vhile ot Bth waek tha level vas
the gane &t that Of &he eoutrol and at sther waeky, higher.

In bucssctonisad ducklings administexed SIBC, higher
Igo levals than control were cbtaingd in groups IT and IIX
of 5SBrSP, CySR, TSR and ABSR, In group X, the treated ducke
lings ravacled citbar juwsr o identicsl IgG levels cumparad
to age-ciatl.ed contiols.

Se fyphirgefun dncculated hurssctomissd ducklings
revealed higher IgG lavels shan that of age-matched contsol
in groups T to IIT in 3B%SE, CySt, TSt and AnSt,

Quantitation of ilspunoglobulins in bile revesled the
prasence of caly TgMe The IgN leval in the hile of rsec-
tomised ducklings was lower thasn that of the age matched
conteol.

Both XIgM and XgC wers found to bo present in egg yolk
of duck enbrycs. Ths mean concantrations of IgH and IgG
were 3,425 mg/ml and 8.0 og/ml respectively.

sicnificantly higher lymphocyte count betwean the cotw
trel and various txeatment groups under stuly wers detected
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only ot ueaks 4 (SBx and T groups), and 8 (Cy group)s At
7eh vesk, 55x group had sionificantly lower lymphocyte couat,
compared to cantrole

WAth Fagaxd to the hetsrophil count, at ths fourth
week of age 9™ and T groups had significantly loversd counts,
conparsd to contzol. 8B group showed significantly higher
hstarophil count then the contrel at the 7¢h weak, while at
the 8th vagis, Cy~trested hirds had rarkedly lower count,
compared to the ccntrcls

Comparad &6 the control, ecsinophil counts in the bure
sestordae? dueklings wore highsz, while the bascphil and
DAROSYLe aounts in control and treated groups wers more or
lass tho orxnse

In brlef, from tha prassnt study the following imporeant
conclusicns vese cdtained,

1. Among the different mathode of hursactomy employed, Cy
was found to produce the maximun reduction in body welght,
wbile SBx resulted in in Loto sheence of burza and signie-
f4cant reduction of aspleen size of both surglically bhucsec-
tomiced uninoculated and inoculated duckiings.

3+ Histopathological studies ravealed thot bursa haud a role
in lymphoproliferative rasctions of spleen, The naximum
suppressiva effect an burss was produced by Cy, while
maximun suppressive sffact on spleen was seen in S8x
gECuDe
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3. Amoongum sulphnte precipitaticn (at 33% level) was found
to b2 idesl foxr the separation of duck ssrun glebulins.

4s Sephadex Ce200 gel filtraticn was smiftable for purifica-
ticn of IgM and IgG of &uwcks,

Se The production of very low sgglutination titres against
Se Syphimyedys and SHEC and tha prosence of elevated Igh
and Igo levels in urssctomiced dusklings incculated
ERBC/S. Sypniryriyn indicsted that hurss was conoerned
with anly the produsticn of specific ancihcdies and that
axtrabursal Becslls woze gesponeible for produckion of
nonespecific inmunsglobulina.

&s Bilo of ducke contoinsd I, ae grvidensed by irmuncelectro-
Foretic and quantitation atudics,

Ve The I contentraticon in bile of burssstanized duchkliings
way lower then ched in thy contrsl group.

Be Egg yolk of ducks contained bxth Zgt1 and Ig0.
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ABSTIACTY

A study wan undartaken to caterming the iwmmnoglotulin
profiie 0f ducke and to delineate the sole of ures in
thalr production.

Amang the four Atfferamt methols of hutsectomy exployed
An the study, Qv was found to produce she meaximys aducticn
in by welcht compared €0 cthor trestmonts, Marked zeducs
tion in Imcaal veight was aiea profuced by Cy compered te
T and ADS groups, while in 68x group the bHuvss was 2bsent
in gote.  Surgicel bupsactomy esuited in signiifcant roduce
ticn in splocn size of both surgically bursectonissd unincoue
2ated and dacoulated ducniingo.

Histepathological studies revealed that the bursal dsvee
Jopment was highly suppresssd on treatoant with Oyes The A3S
and testastarone trustmenta slso slicited syppreesive effect
on buraa, bub &9 o compuratively milder axient. Zt was evis
ésnt that Xuraa hal a role in lycphopraliferative csacticns
of splean, as indicated by the raximam suppresszive effsct on
spleen by SB% gyoup,

Azecaium sulgphato &t 331 lovel was found £c ba ideal for
fractionetion of duck esrum globulins,

Tus main eluticn peaks vere ohéained on subjecting
arraniva sulphate precipitatad glohuling to ssphaduy: G200
chromatographys, Consentrated and rsxun ascsnding fractions
of first major pask yleided purifisd IgM vhile those of the
second major peak ylelded purified Igo,



Comparing the three age groups of antigan inocnlation
in ducklings burscctonised Ly different methods, total
protein lavale lcwer than the gonbrol wese ohoezvad aaly in
sgxit {groups X and I2) end saust {groupe T and XIId,

Bacterial sgglutinaticn test revealsd that 4n all four
groups of hurssctemised dusilings, antibody titres Sar below
thcae of controls were produced.

In S3C agglutinotion toet, lowarad antibady titzes
than the control woere chaerved In groups § &c I3L of Sk,
Oy & T«troated gnd groups IX & IIY cf ABS trested birzds,
Croup I ABS adninistered duvoxlings had idesaeizal sitces a8
that of contro)l at daye 7«2i pest-inoculatic=.

ursectomised ndnoculated ducklinga sevealad highar
It levals than age-matclhied contxools & rany of shia wasls
under atwdye In burssctomised duckliings administased 303C,
IgM valumg higher Ghat) control lovel waze cisnined in the
£ollaowing caseas in gooups I and II of SBasw and T}
groups XT ankd XIT of Cylig and groups I oo I3L of AB 3,
Sr Syohbmueiys inoculated bursactcndsed ducliings revealed
in the £cllovwirg treatments, highars IgM levels than controls
in SHXt gzoups T end IXs Cysh grouss T wo YINg TSk group Iy
&nd dn AS3E gmepo IT and TIL.

Quantitation of Iu0 levels in huwrsactanised ducklings
zevealeld lo-er than ¢ontrel levels in S8k, €y ond T groups
ot led womka of age, while the levels wers higacr <r Lower



or fdentica)l with that of control from week 5, In ABS
group the lavel was lower at 1.2 waeks,

iIn bursectomised ducklings sdwiniatersd SREC, higher
1gG lsvale than control were ocbtained in groups II and IXT
Of SBRSR, Cy5R, TOR ond ABSRe In group I, treatsd ducklings
govealsd either lower or identical IgS levals cooparsd to
sge ratched controlse S. Lyphimuriyn incculated bursectoe
rdsed ducklings had higher XIgG levels compared ¢o CSt in
all three groups of incculations

Bile of ducks was found to contain only Igt, os svidenced
by irmunoslectrophoratic and quantitation stuiies. The IgM
leval in bile of hurssctonized ducklings was found to be
iower than that of tha control.

Yolk of duck eggs conteined doth IgN and IgG.

Sionificantly higher lymphocyte count betwesan the cone
trol and treated groups under study was detectsd ot 4th
(in SBR and T) and 8th wasks (in Cy)e At Tth wesk, SBx group
had significantly lower lymphocyte count, compared o Cohe
trole

At the fourth week of age, SEx and T groups had signie
ficantly lovered hetezophil counts, compared €0 control,
5bx group showed signifieantly highier count then the control
at the 7th week, while at tha 8th waek, Cyetreated birde
hod markedly lower count, comparsd to the control.



Eoaincphil counta in burssotomised duwcklings were
hicher thun in condrol, vhila tho basophil and menocyte
counts in gonteol and treated groups were more or leas the
sane.

The results abtained Srom the present stuly ravealed
that,

1, Anong she Aifferent methods of Bx employed Cy produced
meximyn Xedustion fn hady welghd, while SEx resulted in
total elindnotion of bursa and significant redugticn of
spleen slne.

2. Bursa had a role in lymphoproliferstive reacticns of
spisen, Cye produced maxinun suppressive effact in bursa
while 4n splesn SBx caused maximun suppression.

3. Anmonium sulphato (33%) was ideal for soparation of duck
serun globullng,

4. Ssphadex G200 gol f£iltraticn vas sultoble for purifics-
tion of IgM and IgG of ducks.

3. Buroa was concarnced cniy with specific antibody production.

6s Elovatad Yo and IgG lovels wsre producsd in hugcectomiand
birds by axtra-burcsl B celle,

7. Blle of Auchs contained IgH, tha concentration of which
wag lover than the control in burssctonised birds.

8 EQQ yolk of Gucks contolned both IgH and Igle



