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INTRODUCTION

Ducks heve been doncsticated all ower the world
and in amany parts vhey foram an integral part of tne
nunan food source. Alinouch not so popular as the
chicken as meat or egg producers they have established
themselves as an inportant source of protoin food atloast
in certain rogions. From an sguatic life over the yeors
ducks have adonted to & semiaquatic life amd ol 1o,
efforta are boing made to rear them on terrogtr.al
intensive systes of manageacnt as in the case of chicken.
Concerted efforts have peen made to evolve brecds vath
o potential to produce oggs on an avarage 250 tve .00 per
annute During the last decade there has boen conclderable
improvoement in the gonetic potenticl of tae ducs Lop
productivity. HMoreover, in our country formors have seten
up rearang exctic breads of ducks lile the Kookicorpbell,

which arc high produccors.

In Rerals, rearing of ducks has all along boen
considored as a profitable propesition by faraws and tacre
is a populatlon of 4.3 laokhs of ducks in this stote. The
discase resistent looal duck with lwr productiviity vas the
backbone of the duck farmer in this state, The duclis were
allowed to house in the paddy fields after hervesl aid thoy
were moved fros place to place, even into the noelghbouring

states. The trad.tional duck farmer in Kerala althoash
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largely inclined to adopt classical practice of phshure
rearing of ducks has also imbibed to some exfent tno
lalest tecanology in the form of orecding high prodacing
stock and also practising intensive rearing. Tne Latro-
duction of exotic precds of ducks with change in the
janagenent practices as in the case of ocvher laivescock
has also led to change ia the disease profile of ducks

and new digeage probloms have cropped up.

in 1976, there sas 2 scvere gutbroak of duck vlaue
ln the slaste in which & sizeoable populabion of auclks s
wipad out. This creatsd an ararcness botn on the £Lramers
ag #ell ags tnimal drgsease workers in bhis siote rogirding
the ncceassity for proper diseasc cortrol moasures for ducks.

his nas resuited in foousaia, attention on ducy d.yeage,

]

asp2reially clinycopachologic manlifegration, and proygiay-

lactic and dnorepcucis measurss.

A proper underssanding ol the disease profile amd
nanifestation is very importoat for underialins dlszage
control neasureg. Tho mechamisn of the iaberachion beuseen
the invad.ng agent and the host tissue system detorinlnes
the disease munjfestation und this has we ve vRoroushly
understocd. All pathogons basically induce an irfluonsatory

reaction in ihe tissues and the ifutensity and type are
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important faectors in det.rmining vhe outcome of the
disease, ITre iaflammm bory process involves active porii-
cipation of tae daifferomi tessue compoucnts and nadsntors.
Extensive investigations nave oeen acde on tnis importaat
biological process ia the cas.e or nawdals. Tneroe hig not
been muck inforaation on cucmical, oiolojlcal, woscular
ard cellular neture of e inflummatory resyouse i1n Sha
avian sjecies, Howsever, in chicgen Jarlson and Suasr (1969},
Naie (1373) and Avadhys gt al. (1381) have made very
valuable coqatributions on the ¢ellular involvoae.t in

inflammatory process in the chicken.

There hags not been any systeaatic in~dopth study on
the various agpects of inflamnetory process in tho ducke
A olear arlerstanding of the cinronology <nd type ol cellular
involvonent is very ossentigl to {ix criteria for potholo-
gleal dragnosziss This would also nelp o ciariyy tne
nechanian in the spontansous duck diseasess. Therofore,
with the objective of elucadating ©.e pasic chansog involved
in the inflepmatory process in the duck, stuldies vore
undertaken to delineate tne mechonism of inflamsnlory reaction
in the duck using diefforeat chemical and biologicnl spenise
Besides this, wiith & view to undersiand the regjome involved
in spontunsous digeonses, tuking Dack Plague and Raasiizhal digoas
as models of viral infectiors a stady was desigd ekl che

pathogenesis and pathology <ere warked oube
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1o Inflammatory response in 4o mals

Tote Vievs developad in enclent timeg

Msany of tne manifestations of inflammation AcC easily
azen and fold and there seems no doubt tnal over singe man
nas eagrgod as a tmanxking aniaal, he hes baen corporned
with 133 swudys In co.sequence to his concsrn and Curios.t/s
8 vagn anount of literaturs on this subject has accaaulated

dating ag £ar oack as the Egyptian civilisation.

In the recorded histories of ancaicnb civiliy Muonas,
there exists anpugdant evidence to indagcate whab allelst
sone types of pathological lesicns, parcicularly uhdie
involving the skin and external organs, warn 4217 «Xarim.
The Bapylonians appear to nave been faailiar sita cfain
dlisease states, and .n the code of Hanmawrobi shect is
thought Go have been coaposed about 1950 BeC., cervarn
guccrfic rulws were laid dosn on a number of oporative
proceduras, the alm being to safoguard the life of the
putiw ez, Dwo fmportant documants that have osen prosgerved,
the nduan Smitn gurgecul papyrus, 16023 B.C., and tho sber
pagyrug, 1550 Bl.C., provide soune indication og to what tae

awglenl 23y.biang know asout acducliue, Taege pap Ti deal
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vith a number of kinis of inflammavion ie., apscIsues,y

uleers, carbuncles and “erysipelas®.

Durinz the Greek era, Hippeecraies, the so-c.licd
tfaehor of mediciae', was asnparcitly avle Lo roocu_nlse
and describe accuratoly a numher of disease shatus oush

ag pacumonia, tubarcuelosis, malaria and Syphord Tov o,

The outstandin; work of tne Romaa prried vasg urliten
by Cornoliug Cols5as, (50 3.Ce = 33 AJDl), in the fora of
a r.wview of much of ftne knoun medical kaaiadae &% the
tinee It 18 an thas roview taot the well-kuoun doscriptive
sentence fomiliar te all siadets of nathelozy apoocs for
the first tine in the literature. Sliow there arc foar
diagnostic narks in inflammation, codaess ard £solling with
heat ard pain. These have come ko be Knoun as The cardinal
signa of inflamnation, o' obLvavtusly represent A classical
description of the inflaamacory process as seen by the
uniniti ted in every day lifo. Galen, (150 « 200 4.ih),
another influeniial physician of his time nas added the

loss of funchion 2 the £ifvh cardinal sign of infilommavion.

1.2+ Views developed in tne period of Renaissunce Lo the

aend of the 19th centary

Although tue lagnt maicrosgope was avallablo Sroa 1024 AW

onwards, it was not widely used in the study of digcasea
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until the 13th century. Rokitansky and Vicghow uscd bhe
microscope at this time for the study of diszase. Virchos
appears to have been the £irst to nave propounded the
celiular concept of disgeage, aad was of the ¢opinion tnab
disease was in agtual fact, an aborration of tho normal

shysiologye

John Hunter {1723 = 1793) .s considered e oo the
fother of experimental pathology. By emphasising bae
taalutory? mature, as he called i, of the infloaumatory
process in ccmeating discase, he appears to have abl-ulated
speculation a4l experrmentation into the mechansns unders
lying vhe vageular and other local chamges participating

an thig reaporse.

The microgcope was used during the 13th century for
the in-vavgo svudy of the chanjes assccrated wath Lnflammation.
Dutrochet, in 1324, ond Yilliam Addison, an 1343, were the
farat to deseribe the adhesiveness of whive cells vlth
respect co the vasculor endothel.ua. Coanaelm (1832),
folloving his studies with the tongue and a:sentery of the
frog commented on tae increasged transudation of fludd
causing infiltration and swellang of the inflamcd {liosues.
Cohnhelim also attempted to rclate the changes in Lliviag
inflaned tissies to Celsus' c¢lassic signs of inlluanavion.

He corpelated tne redunsss with tae abnormal consostion of
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the vosgsels and the syelling :ién the transudation of fluud;
pawin was rulated Lo sensory ngrve odings, and noas to the

inore.used artoraal flow.

Metenikoff (1845 - 1918) wvas btne first to e hasise
the importunce of phagocytosis in the inflammatory process.
At thas time, 4Alebs, Loch axd several otners were Irailiar
witn the presence of aucroorganiszsus within while covpuscles
in the inflamed %tissucs but they were of the opinion that
the m.croorganisms found thls savavonment suiluble Lfor their
grosth and multiplication, and in addution it Jas Jhought
that tae laukocytes fevoured thelr disseminatlol,  ilotonw
ninoft enmphacised has view bhat the conspicuous vasoular
chan,es tanat $oexe place in inflamed tissaes are ingtrumential
in mobilising to the size the various defensive cloaoals

of {he body,

Starling, as early as 1396, put~forvard a bucory ln
an atblewpt o explain ihe excnange of fluld in a2 eapillary
hed under physiolojicsal circanstanscss e coasirdored the
caprllary wall bo acy ag aa insrt filter relaclvely
impormeable to proteins. In agsaning this, he poscolated
that £ the caplillary mwessure of wae blood . in oncess
of its osmotic pressure, tnere sould oe ag a resull on cut-
ward fiow of fluid, amd if che reversz /as true thon thers

would be an influx of fluld So the lanzn of tne weazael.
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Landis, in 104 vao, asle $o demonscrace tady

o

noTe
gas .n achual fagt a pregsur: gradione Rrgher oa ol

artoriolar sisde and lower on the venous side.

Arnold, in 18/6, pustulated vne exustonec of o “ceaent!
substonce behueen the endothelial cells, cnd v vug thousiw
tnat alteration in the natural proportiss of thus cloaent
was responsible for tae increased permewbilaty cm.down.ed
by the inflaned endotheliume Thes wiew apgears to wawve
geen wrdely accepted untal foarly recenily, wen w.th the
onset of the electron microscope, and tne develspacxw of
new technuy ues, the presence of such a goment matcorial
hetseen the cndothelial cells, as described by Araold aad
a lot of other investigutors, nas not ceen confiracd. This

polnt xs hovever still debetable.

Alongside the postulation and experimentation cone rh-
ing tne iacreased permelsility exniblted by the injurcd
vagcalar enlothelium, whicn was straulated Ly the obscrvat-
ions of Cohmneim, there vas a similar inberest and experi-

mentacion regarding the phenomenon of cellular cmijraticn.

One of the most confuswiag and most difficult subprot
in the history of pathology and forming o debatablo zoint,
is the origin of c2lls in the inflamnatory exudatsc, The

most popular tneory that zersisted for nany years, g2
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perhaps tnai proposcd oy Jdaxusov in 1206. Wanemow vas of
the opinion tnat all mesenchymal cells are derived from <
undifferentiated olagt ccll which in the pone acreoy is @
free hasmocytoblast arnd, in the otuner tuissaes, 1o in the
form of a fixed undaifierentiated mesenchymal cell. lie
proposed that the large lymphocybe wvas such a aulwvipotential
cell and that 1t was empowered to itransform into o awacrophege
or even a £ibroblast. Tenptyi s a3 Lhis tacory mwy Juve

peen at the tin, thore ave todiy sevoral 8rlo.s odgycctions

as to 1ts validity.

Motennikolf casurved cae szhavioar of the 'gsicrophaget,
(moutropnlil) «and the macrophase. He observed twat bhe
microphaze was the furst c¢ell to appear in the exudace and

that ot formad the Lirst line of defence.

T'he macrophage, the persistent scavenger ccll in
inflammtory exudaias, was so ndned by Mebtchnikoell oulb 1t
was von Recklinghausen in 1353 wao described this coll in
detail. He azscribed its origin to fixed tissue hastriocyses.
Since that time & number of poasible origins for Lh.g cell
have been suggosced, .. verchant (1890) ascribod iis
origin to adventitiol cells, Ranvier (1850) to lymphocytes,
Mallory (1393) to endothelial cells, Kiyomo (12314} to

BONOCS TS,

Iv is obvious from the available liserature v vt
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bvactoriclogy and immunnlozy nad a profound eficct upon the
reseorch on intlammation during ine sccond half of bac tuln
cerburys The effoect of modern trends in biochemisiry on

tne researsh Jork on inflannation becane appaceat durang

the last few yoars of %ne 13th century and the oarly days

of the present cenbury, Sir Thosas Léwis wag 0n0 of the
Lirst to naeve drawn the atiteation of research Jorkers to the
bloeaoaical as,~cts of the inflap~atory procoess, follvsing
hag obacrvailos on the role nf histamine as an inflomm tory
ageail, and i3z classic degorantion of tae Yuriple response®
(Lesia, 1327). Since that date a tremendous amount of work
ap.eared in the literature on tne possible mode ol funciion
of o nunber of vasosotive amnizes and polypeptldcs Q03 ghemical

mediacors in inflammation.

By the cnd of the 19th ceatury 1t boome cloor that
the ivfleaantory response Jas ot 1 swaple event, bus on
the conlrary, a series »f evonta that follow a morw ox loas
predetermined courso. AL i@ 8022 tiase, 1% 93S 8737 dnivor-
3ally accepitud that both the increased vascular poimeabillity
and tie ¢ellular omaigroation and dAnfaltration are wiwt of

Ghe game geaction and thet they are of ejual sl .CaNCea.

1.3+ ¥Yascalar neracsbil .ty

To347. Lnuroduction

The present voark is asinly concermed wida 1@ Cellul.r
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aspocte of the inflaanmatory rewction, but since increased
pormeability forms one of e major aspects of 1ae Llnfla=-
mmatory process, which is intimacvely linked wito e cellular
cnanges, it is considored anpropriate to glve a concise
sumaary of a number of facts and postulates cowc_ming this

aapect of the inflemmatory process.

This concige revicw 13 besed entarely on what Lo
known of ihe mamnal and lower vertebrate spoacies, as no
relevant inforpation appears in the literature regarding the
svian apccliosge.
1432 Normal

As atated above Starling (1895) assumed thot vascular
endothelium to aet as an inert filter relatively impormeable
to prouveins and suggested that if the hydrostalic pressure
exceaded the colloid pressare of the bleod Huere vould be
an outward filtration amnd that if the reverse hold true an
invard £los would resulte. In 1926 Lamdis bezan o sories of
accurate measurenents of capiliary mregsurs by ULLL? OLCIO=
pipettes. He was thus able o mecsure the hydrostatlc
pressure in both artericlar and venous capillarics and he
described a consistent pressure gradieat higher in the avtor~
lolar and lower in the venous side (Landis, 19534).

It was subseyuently realised that the capillory endo=
theliun is not only permeanls to water and electrolsics but
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to othor larger molocules as well, but not as lar_ v as
those of une blood protelns. Pappenheimer (1253) remarked
on the similerities betucen the characterisiics ol cupillary

permeability and that of artificial porous meabriiCs.

Sone authors stroagly support the existence of an
active vesisulor transport system across the endothel.ial
cell {Palade, 1353} lloore aml Ruska, 1957). Faycevt (1953)
obgerved that such vesicles were as a rule distribuled
along the border of the endothelial cell and nounc vag
sesn in the interlor of the cell, He conaidercd is unlakely
that these vesicles play a significant role in transportiug

colloids from plasma to extra cellular gpace.

To supmarise, tnere does not Appedr as you & slugle
hyputhesis vwhich ¢an accouat for all vae known facts of
capillary permesbiluby. AT ong extreme ave the su wocters
of the idea of passive diffusion amd hydrostagic Jlow of
Lluid and solutes through pores or slits of anall Dal
fired size ih a non-living barricr. On the oraer axtvwene
are those sapporting the hypothes.s of the govencat of
f£luid and selubes in and out of vne enlotaelial cytoplasa

and across the cell membranc.

T35« Altered vascular permeability

One of the important and characteristic aspocts of the

inflammatory response i3 the increase in vascular pormeability
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Leadins from the oorly observation of Cohnhoun
(1882), the nature of the defsct in the vasculor il
whaich alluors tne free passage of larger molecalaes hds been
and still 15 a subject of experimentation and s.ccvlation,
anl a numbar of fheories have sirge poen proroced 1 aa

attenpt to explain it, somw of which aret

1a5eltse The hypataszsis of the active sransport ap.aratus

The cbgervation that the vascular endothelian vog
able to tase up injected colloidal particles sujuoseed to
soveral investigators that 1t was actively partici.acing
in the exchonze of material ostueen the blocd and tissue
coppartmexts (Biozzi, gt al. 19433 Ovary, 19543 Gozaoy and
Rato, 19603 Palada, 1961). This obaervation hovovor
should pe looked upon with suspicion as the hehaviour of
farritin, a denatured protein, and colloidal gold cic.
which were ussd as markers, may not be similar to that of
plagna proteins «nd may in fect oo treated by vno endotho-

ilum as foreign (Spector @ «xlloughby, 1363).

The increasz in the rumbsr and size of Lntragyéo-
plasnic vesicles in the injured endothieliol gollso proapted
gevaeral investigavors to speculace that tnls iacroass
irdicates in setual fact an augmeatation of the nornal,
physiolozical active transport system (Moore and lusia,
13957)s Alknse {1553) deseribed samllor changes ia the

endotheliun of derasl capillaries of the mouse followlng
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the topical application of higtanine, and suj,ocied trnat
higtamine acts directly on the endothelial ¢ell o stinulate

tae actave transport mnechanlsd.

1345, Separation of cndothelicl cells

Majno and Palade {1051), using tno rat ercnastor
muscle and ghumulating 1us vasculature by losal L1, 61023
of histaming and S-hydroxvhryptanine (5«HT) roachald 2
different conclusion from tnat reached oy Alknse {173Y)
and Moore aend Raska (1357)« They suggested tnat the effcct
of histanine amd 5-HT was to causge the gsoparation ol

endotnelial cells,

Haddgy (1J50) and Rosley (1s64) opserved tnat bobh
5-1T and histamine cause & rise in tne introvascalar
pressurce felloving venous constriction. Rowlcy agérabubed
Tne sejaration of the endotheiial cells at tne ialcrceollular
Junction to the increased intravascular hydrostatac

pressure.

Landiz and Pappeaieiner (1955) appeared to gonort
$ne ldea that the increased vascular peorqzacility Zullosiag
the application of 5-HT, histomine and oradykidn a3 not
morely duce bo tae LnoTwroscd vooous pressure bab aliso to
a conourvent leosening of Lhe surface bonds betuweon the

endothelial cells, which in turn ney oe facilitated by the



increased hydrostatic pressure.

Spector ond Villoughby (1265) sumnarised the sousible
mechanisas of increased vascular peprmedbility indreed by

hlgtanine ag £ollougs-

1. Constriction of the small velns leadins to
increaged hydrostatic pressure in tne vomiles
witi: sunseuent "forcing o™ of provewn.

II. A controctale mechanism in the endotieliol coll,
swallar to that of smooth muscle which ig
contracted in tne presence of histomine. nae
cells mighs thug draw opart and in doing oo
perit the formation of inbercellul«ar gops.

IIl. An alteration in the pormenhility of the colls
causing them to alter their shape and thue nove

apert (possibly by a rounting-up process).

IVe & combination of these events plus an effect on
phosphe-proteln turn over at the surface of swhe
¢ell or possible alteration of the surf{.cc call
cnarge leading to repulsion of edjecent culla®,

1+546. Sagement membrane in vascular permeabil.ity

Follownng the failare of the electron microstopn to
Genomatrate the pogtulaved pores of Peppenheoimur p the
endotheliun, attantion was focussed on the basenos

mombrane a0 forming vhe limlting selective factor in
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vageular permeability, assuming that the vaseular cndo-
tholiun yielded a froe access to colloids wath or wvithout
the proposed vesicular transport system (Fawcett, 1593
Palade, 1453; Bennet; Luft and dampton, 1353; Polade, 1561).

Bennet g al. (1352) stated that vessels w.th a
detectable nagement memorane have a limited permcanility
to proteing, whilst veassels witn an incomplete basonent
menbrane, such as lymphatics and liver sinusecido, do in
foct exhibit much higher permeability to protein taen

other vesselg,

pPalede (1961) was not acle to demonatrate pords of
any kind in the begelent membrane and he poastulated tnat
if such pores do exialt they must be so bortuous as to be

invizible.

Te37» Divhasic nature of increased vascular perpo.ability

Sevvit (1953) made the int resting observation that
in thermal injury the inqreased porme.-bility in the cuta-
neous vessels of the puinea pig 18 diphasic. Hig observat-
ions were confarmed in the guinea pig, rat and rabbit
(Spector and Willoughby, 1358 and 1339; dilhem and Mason,
1953 and 1960; Allison and Lancaster, 1959).

The delayed prolonged phase of vascular parmsability

involves mostly tne capillaries (Cotran and Majno, 1.64)
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unlike the carly btransient histamine type of response

which affzobs mogtly venules.

1.5,8. Medistion of the vasgular events ia inflesmabion

Spector and Willoghby (1963) svated tnat evidonce in
favour of the existencc of endogenous chemical acdictors
of the perneability response comes fron the ability to
denonssrate theilr pregence at the time wmen they should
be oxerting their effects and their apgerent absence from
tne area when the inflamnation subsides or nas not ag yet
Dogune  Sven stronger support for this theory concs from
tae ability to suppress the inflamnatory chonges by the use

of spocific antagonists.

T35 Increased gpermeability and loukocytic emisration

Hurley (1983) shoved that increased voscully porgG.a-
brlity and lowkocytic emigration can be induced indopondently

£rom aach other,

Couran and dajne {1364) obaserved that vascular leakage
ond leukocytic cmigration did not necessarily toko place

Zrom the same vesagls

Hurley (1364) suggested that leukocytes in tholr
pagsase througa the hirseaent nemorane in some woy impair
ivs abllity $o rolein pacticles whica reached £is luainml

surfazce, as a result of incrossed vascular permesblility.
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143410, Conclusion

Relaiively roecent researcn work nas shown tact the
permeablility response in inflammation is sometin®s ouphadsic,
consisting of an early short lived phasge and ¢ doluyed oub
prolunged paasce. The delaynd prolenged phasce appoacs to
pu tne ossentaal part of tne raaction. The early transieat
prase 1s probanly medidvted by hustanune and/or 5-4T out
no aediator nas yet been descrived for the delayod prolonged
response. Recaznt Jork sugsested that dir et injury to

vegsels may be responsible for the dselayed prolon,od phdsa,

Te&s Cellular Agpects of Inflommation in jamaals

Toltel, Lutroductio.

o o o i S

Onz of the major featurss of the inflammatory process
is she emigration of leunccyiss from small vessels, asually
vemlaes, to the injured tissues. Zmigration ap adis to be
proceedad by tne nmargination of the leukocy.es Lol their
normal position in the centre of the blood strecn Lo lts
periphery and by the stleking of such cells to tuc luainal
surface of the endcetheliume. Although this process of
sticking o the endotheliun nas been owvserved, doscrlbed
and studied for the last 150 years or so, the mecianism(s)

responsible, waether physical or chemical, still remain
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largely obacurd. uJcosprce the discovery of a mmber of
agents which appear b3 be aole o block the adhesson of
the whice cells, their use aas not sacu any mere lighs on
the nechanism{s) coatrelling this process. The actull mode
of emlgeasion of these cells fron tae vessels a6 p3r1a0ps
slisntly bettsr wdearstood, altnoaga sose disagrocaent

g6111 exisis oa this asg.ch,

Leukocoytic emigrasdiin 1s usudlly appar.nt vathin a
matter of minutes follouing the application of aa lrritant
but the major +ave of it tates placce tuo to mix hows after

guclh glinulavion.

Onec of the debabtable aspects of inflamnation is the
transforpation of the early and usually predopinantly
neutrophilic exudate to one of moasnuclsar prodosaaance.
Tnere are three possible explamations of the process of

transfornatlon and trnese will be discussed an devoll latoers

1.4.2. Historical dats

Dabrochel in 1324 wag appar. fly the Iirsy fTo Jdeacribe
tae nargimation, atuednz and emigration of l.ukoo,.os and
congidored :t possible that the vossels had Flatoral®
oponlngs through which the blood can discharge ito clemeats

into the tussues. Arnold (13/5) was of the opinaon lhat



20

both white ard red cells emigrated througn the int-reelluler
cement which was thougnt to o2 prescnt betseen tvhe ondothelidl

cwlls.

Addsson (19+3) inuused anflomnation in the «b ol lue
frogts foot. He noted that witnin half an hour tuc number
of "zlobules? (leukocytes), adhering to the vesscls had
inoreased conslderably and that some of thea vere already

outzide the vessels.

Comnein (1832) vas of L1e omnioa that molecvlar
changes in the endotheliam were responsicle for wac events
seen in inflammation. He alco scemed to be faalliar with

the ameboid movemnent of leukocyites.

Adani {1903) a8 an favour of a passive aacure of
emigrating leukocytes. Later however ae dropyped aus &rgument

ami suwoported the amebold character of LoakoSyuas.

Clork ob al. (1936) using the Sandison rebbil's ear
chember cavrled out a critical atudy on tne sticking and
emigraiion of leukocytes. Clark and Clark (1)35) stidied
the same phénomene in spphibia. A% this bme thoy olso
hinted at tne concurront emigration of all typaes of loukocytes
but tney did enphasise the fact that the polymorphonuclear
leukocytos appearad to make thelr vay through tho 01l muech
faster than the other types. These iaovestigators Zuliled wo

agree vith Metchnikoffts view that sticking and cma ration
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were in consequonce to chenotaxis but on the othor hand
tney agreed w.tn Cohnhein's opinion thae a cnaaze in the
endotheliun is an essenbidl preliminary to tae sticliing
of the leukccytes., Goodanan gb al. (137)) seadied the
inflamnatory regporse vo emdotoxin and coserved adhesion
of leukocytes to the cndothelium of arteriolea and venales
in three mainubes. Duigration of cells was opservad in

three hoirs.

Telteds Intapcaliular conent and endocaolll.ory layer

Concurrent with the interest in the ultrasiructural
study of gellular emigration, there was also an inilrest
in the aetiology of stickiag of the leukocy.es to tae
vascular endotheliune. The electron microscopa failed to
confira vie speculations of early investigators with regard
to tae progence of a cemeuat maberial or a layer of fibran

cover.ng bthe luminal surface of tne injured ondetnellum.

Grant (1965) remarked taat i1t was Jquite poosible tnat
the faxation and dehydration procedures employed today in
preparing tissues for slectron microscopy might vash out,
or in sone way alter, tane luminol mpaterdial that algat have

been there,

Luft (1266) was aole to demonstrate that the postulated

endecaprllary layer does in actuel fact exist amd urobably
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consiasts of mucoprotaln or mucopolysacharide.

Tultelte Mode of Leultocytic emigration

Toledtale Baipration through tno inter eadothelial Juastion

Marchesi and Flores (1930) were able to obsorve tnak
the leukog tes naszed through the endothzlium by fairst
prodacing a pseudopodium. The leukooyie, haviag nassed
betsean tne endobhelial ¢ells of the vessol, wal thgn able
to move on throzgh tue oaseuent membrane of the vsgusel,
or it displaced the vesement memoraane from tne ondotheliua
anl come to lie betseen 2t and tne endothellal coll. Toey

finally found a gap petween tne perlcytes and fiorils amd

they wera taus able Lo stean cut inte the peravascalor tasaues

The observatlions of Marchosi and Floroy daoffey from

those of anotasr group of workers waose recults vore publasiad

in the sane year (Willicmson and Grisiaa, 1960 and 1381},
Working on the inflamed pancreatic wessels of .ac dog, taey
obgerved development of numerous cytoplasmic Aracloan,
projocting into the lumen of the vessols. Loukocylog,
neutrophils in pariicular, appeareld to ¢ embedded in tpese

processes and were gabsequontly completely esmwelppsé by

endothellal cell. OThere was no mural daofwot in tae emdotholia

conmuncating vetween the lulen and the poravagcalar space.
In addition tney comvment on thoir observations t:mé tae

vascular exdothelius in this partaiciler exporimcalol syston

4
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hos shosn a gtraking apecifacity for polymorphonucloaz
leukocytes, altheurn & vory small number of lyaphocytes
have been ooserved pwssiang tarough she endovheliun. The
phenonencn was novy ho/ever observed wn tae rav vl $he
wrabers coneladed Lhat Lt may bo organ or speclies o ocific,
or eltopmtively merely isherent to thelr partiogior

exsorvine.ial oysten.

At the present vime it is cousidercd thut v labter
cellular route of maigration is probably the moro céuwsion
but that exceptlons occur in slituations asuch as whad
described by Willsamson and Grisnam end oy Jdarc:wesi aad Gosuns
(1363) whose onservatlons on the intracytoplasnic passage
of the small lymphocytzs through the emdothelial colls
of the postecuplillary venules in the lymph nodes of the

rat are universally acoented.

Telehe2e JShtudies oa the electrical potencial on itn: cell

surfaee
.

s <o

deBovern (1057) was stiaulated by the hypothesis tnag
a change in electrical potentinl could account for waite
cell sticking and ealrration, amd he posgtalated bnat dissue
heparin may noraally funciion la preventing stiesing under
norml circumstams os and thav heparin may have antlesalte-

cell asticking proderbiceg.
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McGovorn and dloonfield {1)03) were howvevor, unaole
+o alter wnlte cell sticking «ith heparin in troawitb.sed
tigsues buv taey observed tnat hesarin itsell could laitiate
the ovents lecading to leukocybe emigration. Ihe Joct that
heparin could initiate leukocstosia was nobed earinzy by

Copley {1348).

Spector and dilloughoy (1963) suggestaed tnad the
phenomenon of adhesion of leukocytes to erdotneliun could
be cxg‘ﬁlaino;i in terms of the electrochenical forces o erat-=

ing au cell surfaces.

Bagtham (1354) deso-strased taat the adaesiug of vhite
cells to other surf «es can possibly be erxplar.nnd 0a the
basis of caloiun bridging between cella, the prost.ty being

attributed to the amronle groups present oa the wiau .o ¢ells,

Thompson gt 2al. {1257) proposed an imporwunt wole for
calcium in che pnenomena of svicking and enmegration during
acute inflanmuation. Uswnz a aalodun chslating asoal, Ludh,
they were aole to ovocain a conplete roversal of tue infla-
anacory leukecytic sticking in rabbiv's ear chanvsrs amd
iz the wxposed rat mesonterac vessels. On anjecvion of
calecium, tne stickang of leukocytes once azain wos oasorvad.
They also noted thot the insercrdothiel.al Jjunciiocas of vossels

treated with the calcium chelating ageat were vidoly Open.
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Gruanst (1965) counzlded that Yan altered suate of the
vageular endothelium wes a critical eveat in the £inal
conmon jathway of the inflemmavory psucess, whether this

wag inducea oy trauma or mitro-orsanismst.

1+5. Chemotaxis

Until quite recently, there has baen an attemps to
attribute sticking ond emigration of white c¢ells as due to
cnemstaxis. Florey (1962) expressed the opinlon that it
was quive possible that the factors coutrolliag tho sticking
and emigration of leukocytos were not necesgsavrily the same
ag thosge coutrolling tne moveseny of these cells ovatside

the vessels in the sxbtrovasgcular tissusss

It was demoastrated in exparimental work carried out

in vitro that a number of bacterie, starch gramuics amd

antagen-antibody complexes are chemotactic (Harris, 19533
Boyden, 1962).

Allison gt ale (1955), in studies of burnt tissue in
ear chambar preoparacions, directly observed whito ¢olls
enigreting from vessels and moving at raasbom, alihough they
have fre,uentl; oeen onserved to follew the route of least
ragsigbance. Despite what appeared to be random moveaent of
thege colls, tney finally appeared to be compantrated around

the gave of the injury.

Hurley (1963) was able to correlate the results of his
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irvradernal experiments with an in vitro demonstracion of

chenotaxig, and showed taat the correlation bebtw.eon the
xn vavo evidence of tissue leukocyltosis and the Lo vitre

Ay

¢hemotaxis was high,

1.6+ Leukocytac emigration snd incressad vascuiar
permeability

durley (1964), follow.ng his experimenis vith iasradernal
ingectiom of different irritaats into rats, ues able to
dosoastrate two distinet types of cellalar emigravion,
dassociating them from pormeabrllity effects. Using asbanine,
homologous serum, and even physiological saline, ho vas able
%o obgerve a relatively non-ssecific enigration of loukoeytbes,
mostly noutrophils, taking place several hours affur the
injection. Howevar, by using extracts of burned shkin as
gt_mulus, and saline extracts of polymorphonuclear leukocyues,
he was able to demonstraie an almost immediace cnwgration,
reaching nagsive proporbtions by 30 ainutes of b injectron.
When the late reagtion was observed, 1t was not rolowed to

any increcse in vascular permeability.

Logun and Jilhen {(1496%), studied tne reaction »2 guinca
pxz skin 5o injury by ultraviolet light and tuey wore aole
to demonatruce an carly and a late permeatility roegponse aad
tney showed a parallelism vebween the lule phase oL perneds

brliby incrsasce avd tissue leukoCytosis.
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In general, it @ppears tnat the evidence available
today coperning the effect of increacsed vascular pornea-
billty on leukocybic emigration sends to suppore tac general
idea ¢nat increaged vascular parmeablility is no% bae resuld
of cellular emigration or vace versa. A vessel nay show
increased permeability bub not emigration whilst taobaer
vessel in the scme vascalar bed may show emigration and not
increased permeability, whllst another cone near oy noy show
both.

1.7+ Ihe early neutyopailic predominance and the btrang-
formation of the exudate to cage of mononuclecr

predominance

A well established but rataer poorly understood aspect
of the inflamiat.ry process is the transformation of the
early polymorphonuclear exudate c¢o a subsequent pr.doninanily

mononuclear cell infiltration.

The early polymorphonuclear predoninance holds true
in almost all reactions. Dienos and dallory (1232) oworessced
the opinion that the tuberculin reaction forms an eicupbion
in that it 1s characterised by a prodominantly mononuclear
response fron its initial stages, Follis {1940} observed
taat the cellular response ian the very ocarly gitagns of ihe

tuberculin reaction is a polymorphonuclear one, and Chas

view wasg cortoinly supported py the recent obsorvavions of



23

Martins and Raffel (1964). There nov appears Lo ba agree=
dent that in most if not all inflammatory reactions, the
initial change iz that of a polymorphomiclear prodoplnanse.

One point on which there now appears to pe goneral
agreeaent is the haematogenous origin of botn typos of
colls (Clark and Clark, 1956 Kolouh 1239 Ebert and Florey
13393 Rebuck and Crowley, 19233 .. -~ - * 3enacerpaf and
MeCluskey, 1953; Page, 19643 Spactor amd Coote, 1303},

It is possible that the chenge in the cellular
characgter of the exudate may be related in some way to the
fact that the neutrophil, being an end dell with o compara-
tively short life history, degenevates rather quickly,
whilst the mononuclear cells are able to survive and proli-

Lerates

Poge ot al. (1962), using the antimetaboliic G
mercaptopurine, were able to imuibit the lymphocytic responae
in inflammation, without in any way affocting the oorly
neutrophilic exudation, This led them to the hypotnesis
that subatance(s), released at the site of inflaniition,
induce protein synthesis in the clirculating lymphocytes,
which event appears to be essential for their margination
(Page, 1954), and this perhaps indicated the existonce of
two different stimuli.
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Pagz: and Spector (1962) performed a series of
sxperimants on ratsy, using intradermal and intrazerito-
neal injections of a numbsr of macromolocules as their
axperimental techniquess They warae studying the roggomse
on & teaoporal hesis and they reached the comclusion that
polymorphs and mononuclear cells were leavang the vessels
concurrentlys They did observe however that the poly-
morphonuolear leukocytes were leaving the vessels vory
much fastey than the mononuclear cells, and this obvicusly
resulted in an early preponderancc of polymorphonuclear
leukecytes in the tissues. Following the eessation of
enigration, the polymorphs disappeared rather quicikly,
leaving vohind the persisting mononuclesy cell ponulation
in preponderance, They observad ithese mononuclear cells
beling trangformed to macrophages and then tce othor cell
types, the nature of which appeared to be govornoed by the
nature of the stimulus employede.

Hurley gt al. (1966) reported an early axd relatively
brief emigrotion of polymorphonuclear leukocytes balng
folloasd by a delayed but far more prolongsed anizratdon of
moncnuglear cells. They labelled the blood leukosytes by
repeated intravenoua injections of colloidal carbon, and
{they coacluded j:nat the monorclear cells present in the

later steges of the reaction were of & haematogensus origin.
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Followiny the ingections of a livanz suspension of
Kiebsiella pnesmoniug, they ovnserved & massive pralonged
crugratrion of polynmorphonuclear leukocytos, bub uo
detoctable escape of meononuclear cells was noted o xing
the first twenty-foir hours. Harley aad hls cowsorkors
finally compluded tage tne pattorn of respomse 0 wig
various stimuli used durlm their experimems wagn
oonsistent vith the hypothesis taat the tuo types ol
leugooytes under discussion migrate andepoenloently, and the
regults ostalned au,gested tiwt a4 scparate mecadmsy Rast

cambrol vhe enlgration of sach type of caoll.

Williams and #alt.rs (1253) made observations on the
emgration of loukocytes anld gtated Thed C10I0 vud &
temporary innubhrtion of the cmigratioa of lewlkoe, s at
extizbrted intravascular phajecsiosis. It .8 pose.ble cnde
tne oiphaslic respo sc ogsorved by tnese subhors noy have
merely boon the recudt of a tenporary inmiossion wun Lhe
saLgration of ene carbon lowded mononuclear leukoc stos,
Jhllst the unlabellaed neutrophils were aole to om._rate uin

their wuswal numbsrs and witaout delay,

1e8. Origln of the mononuclear calls founl in tuo infla-
paatory exudate and their transformation to naroghazes
and other ceil types

There appears to be & general agreement on the
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haenatogenous origin of the pelymorphomrelear colic, as
such cells arc only foupd in the blood and the aconopolobie
tigsues, undor physiological coaditions. The projeace of
these cella in tissues was naturally taken to indicate the

pasgage of these cells from the olood to the tissuos.

The origin of the monomuclear element, howsvars in
the inflamaatory exudase has peen deoated for the last
hundred and £ifty yoars or so. in summary, it apioars today,
that thers are two schools of thought aboit this subject.
Even though the congepts of aonocybic and lymphocyiic origin
were widely debated, it is now more or less agroad that

the macrophagaes have their histogenesis from the nonocyies.

Metchnikoff (1903) made tne fLirst detailed study of
the large mononuclear elements of the blood and fixed tissue
phagaocytes, and he grouped tnese two typos togetaocr, as
funotionally similar, and gave them the collective name of
"macrophagest. Awroros and Timnfojewski] (1914) arc reported
by Ebert and Florey (1933) te be the first to have
demorstrated, in tissue cultwre, that macrophages and giant
cells ooculd be derived from cells in the bloocd. Carrel
and Eoeling (1922 and 1926) cultured the buffy coul of ths
avien blood, and Lound that after an intervael of 2 week

there developsd a pure strain of mononucleer cells,
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Evert and Florey (1939) provided direct o d indise
putable avideace as regards vie monocybic orig.n ol aacro-

phages in inflannations

Paz and Spaetor (1302), folloden: thelr stidy of the
inflamqatory weaction ladaced by snjoctions of microncle~
cules, coanclided €iat tae mononacleor elexerts Ln tne
loslong werae derived from blood monomiclears ¥adt have
enlgraled gunzurreatly wita polymorphonuclear Lodisoyios
but tney did not at that tiw decide which Lyse of haoma-
togenoas moenonucledr coell w@as involved ln this traafar-
AAaL10N

Rebuck et al. (1364) followlng newer conc. to of
amall lymphocyte perspheraliszation and recirculotion
through the lymphocyto-forming tissuss, and elecsron uicra=
gcope stadies of lhe lymphooyte ultrastructure, wve
reoponed the guestion of lyamphocytic "modulationts Taey
aave described such modulation of indivadual saall blood

lymphooytes o haistlocytes an human skin window studies.

Spector gt al. (136n) carried out a8 valuublo and
ericical work on the nature of the cells thot nuproce £roo
the vagsels to gave rlse to the mononuclaay culls of
inflammat ry exudatos. Froa their resiits ti¢y coasluded

thot almost all the moasnuclear cells in the cxadu.e nust
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have beaon derived from the monocyte tyse of cell Ironm tne
blood, 43 they nave noted thad tne percontage ol labellsd
aononuclesry cclls in tae exudate ¢orrespended to that of
the iabelled monocytes wn the oirculating blosd prior o
the injaction of tne irritank,

Spactor end Coote (1.05) carrisd out & saimiidy Oxoeri-
neat to that of Sroobor gt al. (1963}, but in this cuse
they ased grarfin oll instead of fiorinogen 48 wiC anfla-~
maatory stiznulas.

Froa this oxporlasntal syatos bhey deuustad s
alnost all nacropheges, epitnalioid cells, ard thoe oceasioaal
glant coll of this typ2 of pewtisa were derivid fxca
calls corvasypo ¥llng %0 Bhe cicculatiang monesyss .. Tneir
ragults obvilzned from anitinl asages of loflanabioa
confiraed the pravicus observations as regards tho
fgonocytic! origin of tie monomiclodr cells progunt in fae
exlisr houwrs of the reagbion. Tasy ocoserved tans Jollowisa,
$hig scage Sopore 1s mitotigc proliferatios, firsc of cells
in vessel »salls, then of alstiocyles aml masroplie;vs. Lae
hilstiogybac proliferation was obgervad to perosse for
twelve woeaka or nore, and tus divid.rng cells vore obsoervad
o have been derived fron blood monocytes which hosever
did not show mibtotic aclivaty until ftney acquuired che

charactcristics of histiocybes or macrophages. Tno persiate
ance of the lesion was congidered tc be mainly dne to the
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sustained proliferation and furtier enigration of sasmato-
Senous cl2meacs.

Spector ard Lykes {12383), in a stady of tac cuilular
avolusion of inflammizory gramloaata, enployed & samalar
technly 1@ to tnab used by Spector gt ale. (1963}, As
their inflammatory stimulus they used Froundls oun.wvant,
and their aim was o clucidate {ne events eft.r
£irst two or three days, in which tiae 2t vas wha
praviously by Spector aml Coove {1430) iawy varbially all
the mononuclears 1a Bne earliest interval gore ox 2
Umonocytold® origin.

Haar (1973) observed tuet monogytold cells were seon
+o unaer.,o alteration to form nacropasges, epiv.acineid
colls an: grant ¢ells, He presumed task epithelicid cells
originated froa macrophagos which have ocomple.ely ueiraded
ingested material or from those which sore not anwolved ia
PRAZOC/TONLS,

Throughout the last Lifty or so years & lar, o adount
of exporicernval work nas apgoared wia tve literawupc with
ragards to the possible transforaation of snall Lyuphocytcs
to macropaages and oth.r typss of calls, both an vive and

in yitro., In bLassue culture siadics alone, & tosul of

over thirty dafferent investagators were comvinoed $aat
atlsasat soze if not all of the mecrogngjes Tagl, appoarad
in tagsue cultures of blood or lymph have devolop.d from
small lyaphocytes., But doubls have bpeen expressed ss to



whether these cclls which were originally identificu as

1lymphocyc2s were in acwual fact, lymphocytes or nsde

1,9, Transformition of lyaphocyics to plasas golly

It was noled tact in c.rtasn graft versus host react-
ions lymphocytes differentiated inko large cells v..a
syrininophilic cytoplasn in tne lymphoid tassue of tae
recapient anlnal {Govans gt al. 1351). Porter azxd Sooper
(1982) injected thynidine laselled thoracic duct 1 mpno-
cytes from an inbred strain of rats into recipient rits
of different strain. In this way taey were ablc L. trace
the labelled lymphocyies in the cortex of tee lyash nodes
and in the reyers petcics of the recipieat aaimal, They
noted that within 24 hours tne isstope which wes nroviously
present in the inoculated cells anseaved an a mambu> of
large pyrininophilic cells and they conoluded that ab
least a portion of the inocultted cells nad tra.usforsed
into taese colls, mzny of which eppearad to be caxdhie
of divisioa. Nossal and Mekeda (1362) immunissd pats with
Salmonella flagelier enuigen and four wceks later a
onallenging dose of the aatizen was adainestered. A\ single
dose of tritiatcd thyaidine was given to these adnals
two hours prror to the challengiay dose of Lhe anbigtn in
order to label the cells éexhibiting DA reduplicobion in
the lymphnodc. Thas axperime:tal system showed t.aabk at
least 05% of plasma cells ware labelled amd tiey comeluded

that plassa cclls were depived fron small lymphocyics which
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wepe davidinge Accordim; to lovat amd Fernarnde (1J03)

a Jell recognused feature of imauns response is T
prosence of blast cells. Thoy ongerved an anereast ia
the numoer of plasma cells in tne lymphnodos drainring

the site of antigen administration amd it was pestulased
that antijen recognisiag lyaphocytes are stimulailod by
antigen to underpgo transformation iato Blast cells that
divide, proliferate and differentiate into plasna colis.
This wos suplorted by dircet evidence thav ghsed norpho-
lozie inteoraction betsosn lyaphocytes with litilo or no
endoplasnie refticulum, blagt colls with increasing
amounts of endoplasmic reticalum and oell typoes of plasma
cells vith abundant anounts of eandoplasmic reticulan.
Cooper and Lawton (1974) observed that B cell difforent-
iated into plasma cells after iaduction of specif:is
antivody rospo me by anvigens It was goacluded that stea
cell differeantiation into B cells was ancien imdepondent
wnareas B cell differentiation into plasma cells sas antigon
dapendont. In birds B cell differsntiation btukos place
in the Jdursa of Fabricius and T cell daffepentiavion in
che thynus. In cammals B cell differentiasion tokes place
oy differentiation of stem cell in the liver or bhoao

marrow (Covon e al. (1974).

Nossal et al. (1977) obaerved that witnin five to seven
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days after immunisation plasma colls appeared in che

gorminal contre aml medullary cords of tae lymph nodes.

Cantour and Boyes {1377) poinced out that ston cells
£rom tae bony marpow 2ot duofferentiated in the tnynas and
T iymphocytos and tney acguired antizens like Tay aad
71 anti_ens. The T gells were fourd to recogmuse hlgner
imnunolosic determrinants whereas B cells were found to
rocogniae gmaller detorminants such as heptens aml ohg
nacrophageg wore found to aooporate witn T and 3 Lyapho=-

cytes

fatz {19/3) employing phytomytopons studied the
bitot Lormabion in ascrepad;as and lyophocytes and coieluded
that pacrophsgos procasses she ansigen non-sgpocuilicolly
but make the antizon more palatavle for che T cell. The
T oell thon prosents the antigon to tne precars rs of
plasma celise Tae B cell wsag then stimulated to dlvade
and dufferaataate inco soocific antibedy produclag plasaa
collae

Induction of ancibody formation was asgsociatial with
hyperplasia of fellacles amd plasma cell productuon from
the 3 cells {Sell, 1930),

1493+ Lymphocyve amd Fibroplasia

The close proximity of fibroblagts &t tae infitamatory
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site has intrigued iwvestigators for decades, As
inflaanatory process progressos fibroblasss becones ovidents
Leibovich and Ross (13/73) depleted exporitental anlmals
of aecroshdges Oy Creating baen a/8temdsically vidl
hydrocortisons and locilly wicn antliaacrophage scrun. fas
resulved un dslay in woand healiag and retavdavisn of
Cibroplasig. A Lympnokine galled fibroblast astiveb.ng
foctor was gradaced by sensis.ged gulaeu plg T ocils
(Jamighti 573), The gn wiirp «Zf.cis of lymghocytes Joa
Weroonaze meliators of fibroslasts guggested thag
lynshocytes and amacrophages might iniliate fibroplosio
and induce fibrosis dasoclated wivth inflamnatory *.clon
{Wehl and Jahl, 1)32). Taukenosbo axd Johl {12823) cuggesbed
theat the lymphocyte throush macrophaze may elicii o
influx of fibroblasts into an lofizmqatory sibc oy roelease
of soluble mouiatorr, Durang the lagt decnde lar_e number
of soluble producrts froa stimulated lymphocyitos hwe Leen
deacribed gacn as Yacropaase migraticn inhibiclon foctsr,
mitogeme factor, leucocyte migration ivhibition ILactor,
colony stimulating activaty footor, vase pormeabiliby

factor, intorforon ess. (Schook ot al. 1931).

149.4. Hast cells and bagophils

Althoush in the literature there is a large coount of

informarion com erning most of the leukocytes, thore appsars
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$o be very little concormng the properbies and funetions
of Lhe blood nasopnile An anormous asmouat of anforfuon
hoveyrar as avallesle on the tissae counterpart of this cell,
the past cell. Tho lack of amsereost wa and exp inumatlol
on tne blood bagophil aay lie on tae Laok tank 1v 18
present in very small numbers only in the bluocd ~2F 10 asuad
sxperimencal Jninals and man, and also becauade il .18 not
easily identiflied in routine haematoxrylan 8ad Cos.a prepa=-

raktions of tigsuces.

Desplte tne fact that ene mast ccll was fiith nogoribold
by Lhlrich an 1377 the exisiing knowledize of 4ts natwe aad

Lunction i3 fer fron complate.

The invididaalaty o€ the blood vasophil and Lac
tissue masht gell and their different mode of orizlas in Tthe

mamgalion gpecies ara nov woll rocogmssd.

It is generally agreed 1ot faxed undifforc L2 ued
negenchynal colls form the chief source »f nast colls. I
wag also observed dhat mast c2lls can and do i wcrvage by
altosis axl it “0s boen conclasively deamnsurnsed Lu.at
tritiated thymidine bdecones incorporated into tne ouclous of

mast cells, particularly 30 in young onimals {(Po’m.er, 1301,

It 15 now also woell esgtaolisned tnat both casophils
and mast colla csshain thoe sulphated nucopolysacsoride,

heparin end in adaiticn histaming and S5-HT, altiou,a the
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latter nay not be praswas in i nificans ancui.s Lt The
mast cells of sovaral SpIcios .. SULREA D005y CO05, 200y
raboit, cow and cat. Hogen g al. (1933), omployin; the
frachtionation - separatlion progedure, adve 3hoan Siab all
thege sussisaces nensloaed above are Lo Je foand . Lin

vhe gronales seen in the cytoplase of tho mast oulla

During the coarse of the last soveamy years oo o0
the mast cell has vocon credited w.tin a mumber of fa.gtions,
both in healih and in disease, Some of thege Qwe now
boen esteblishoed beyorsl reasonabne doabt, but ebiors aav
still to oe proven. In oamuels the kKnogsn functionw of

these cells canm be listed as follows:

1. Incroise capilluny poras.oiirty.
2e LanSLCS phogotybosis.
Je Huineonarcu of pregar flatditys

4o Stimulation of £ibrous re,.21T.

The prosenco of blood basophils in infloaiacory

exudales nas veen Noced Upon rarc JCCasLorS.

Plinplom (13u0) descriosed a biphasie mu ratoon of
odsenhils inte the sabcubancscas tissues of poth r ined pigs
and rabbits, a2t 4% minetes and aguin at eagnt to tvn days
followiag the loc2l injection of ventricallia, a deofosted

porcine gagtric tissue preparalion.
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Florey (1362) exzpressed the opinion that the osasophil
may possibly participate with the mast cell in anophylactic
raactions, Rebuck, gt al. (1963) usang the skun Jindow
technique and an antigenic stimulus {(diptheria toxoid),
studied the response in two groups of human patioats, one
group sufferinz froa ulcerative colitis and the otacr froo
interatitial cystitis., The large majority of thoso oases
exaibitcd an inoreased basophilic emigration to tho test
lesions. Siraganian gt al. (1975) observed that most cells
and basophils bear specific receptors for 1gf and bridging
of cell-bound 1g& antibody molecules by mulbtivalont antigen
induces the release of variety of chemical mediators in
inflammatory reaction.

1+9.5. Fastors influencing ohronicity of inflamaation

o s i 2 et 00

Florey {1962) stated that there arc a mumber of
conditio :s in which inflamwation is not charactorised by the
exudation of fluid and the accumulation of polymorphs,
signs of the acute inflammation, but are marked Ly the
presence of cella particularly of the mononuclear Iype, 1.C.
macrophages and lymphocytes. This latter type of lesion
i3 the one agsociated with "chronic inflammation®.

Spector (1967) expressad the opinion taat the determie-
nation of chroniciiy in an inflammatory process con be made
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at about Lorty-eight hours from ibs initiation. He scated
taat Lf by thas time intorval tnere is no definiine oalarge=
ment of the mononuclizar cells and ao indication of OWA
asynthesis, chronicity can be excluded from she fucace course
of tne lesion, but he cmphasised tant the converse .oed

not necessarily ve bruse

Spector et al. (1958) noted ihat proliferation
agengst the mononuclear cells of an inflagaatory osudate
cannot pe tugen as indicabion of c¢ironicity. Iney osserved
LAt the chronicaty of a lesgion is grelated bo tho Dersistence
of the stanulus and that chrome inflommation wis only
fourdd in the presence of imvroacytoplasnic arritaiss Pasgocjto
sase < of irritent and mitublc divasion were ascldon if
gvar, winibited by the same cells Their rosulis nlso reveuled
that Lhe quantizy of ihe irvrstant pregent in Lie laouon
way be vory small relative Lo the size of the reoglirun <nd
they exaassed the opinmion that thas later observution may
help to explain the difficalty of demstrating Lalcgvive
agants in certarn chrenie inflampatory lesions of cuscure
orlgitie

Spector and o sos (1J63), attenpied to 1w otigate
the pogsibility thal imaunc coaplexes could producc gramilo=-

mata in the skin of tnc rag,

Their results indicared Lnat granulouata occurzred

whe n the "ilmoune conglex” coabarned an excess of antlbody
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which presusaoly »eandered the couplux "Lalanis.ible.

When ancigen «3is presont In escess no granaleoaxstous lesioas
were seew, Jradooll gi ul. (10,7) induced noa-ranuaclogical
gramaloants wil4h benbanitz in guines p.ga. Loy wud Slaason
{1332) induced pulmonary gromilomg an calves. Obsorvals
ions were m.de froa 24 hours to 30 days. Initially they
ooservad multifocal vasculitis and exudative prounoms

ard a gramaloma wa3 seen by soven dayse

A.Inflamsatory resjonse in chicken

A%, Hetocopnils

Like the nemaals, birds h.ve three gramular lauXocytes;
the heterophil, eosinophil and basophile. The last two
correspond v.th thoge of dthe nammal agl are s¢ nA.ed agcause
of tne affimity of thelr specific cytoplasaic grammles for
either acidic dyes (cosinophils), or basic dyes (oasophils).
In pammels the torm "neutrophil® refers 5o tune staining
propovties of tne eyboplasmie grre.mles of this coll hile
its countervart in the lower veriebrasec and birdg, the
heterophll (Lucas amd Jamroz, 13o1), is so naned beseiae of
the great diverssty in stalning reactions exhiveiold by the
specific gramales of homologous cells samongst the various
classes of lover vartowsrates (Kyes, 1929)s. The s ceiflc
gramales of the heteropails of the fowl ars rod or clup

shaped awd strongly cosinophilics
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Hirsch (13062) reported on the pnagoc/tic activitles
of chicken granslocytos and describod the engulfunent by
them of Baglllus megoterium and zymosan granules. Glick
at al. (1964) opsaerved that chicken heterophils exhiloifed

phagocytosis of Jtaphyloceceus aurcus organisms in vatro

hub they noted however, that only 30/ of these colls
enzulfed the orzamisms

A nuaber of workers nave in the past carried cut
experimental studies on the histochemastry of avain nete-
rophils. Morkal armd Mora (1362) reported the presonpe of
either no activily or a very weak one of alkaling® or acid
Phosphatage in chicken heterophils. Adwal and [TeFarland
{1956) observed that the heterophil granuldés of uhe
Japsnese quall spscifically lack lysosase enzymes such
as acid phosphatase, acid ribonucleage and acid dcoxyribo~
nuclease. Opie and Barker (1957) reported that thoy were
not able to dememstrate probteolytic enzywes in chicken

leukocytes.

It scouns posgible thet the roportsd lack of cazymatic
actividy of avian hotarephils could account for the absence
of fluld gus la this grecies. Nodr (1973) deseribod the
plirastrucvuro of the heterophil and dssaribed larse dense

gramles, small dense granulos and light gramulos,
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2.The monocyte and its transformation to macrophages,
epithelioid and giant cells

in avian blood smears atained with Leishaman's stain
monocytes appear as round cella with an oval or renifora
micleus placed somewhat eccentrically surrounded by a
moderate amount of basophilic cytoplasm. The chwonatin
appears in the form of a delicate lacey network amd nuclesli
are not viasible (Weisz and Faweett, 1353). This coll
eppeara t0 be the most s8ctive leukooyte when obscrved with
phige aieroscopy, wailst the neteropnil and lympunocythe
nave a rather feable amnosboid movement (Atwal and [eFerland,
1966}

The transforaation of the avian monocytes Lo LKAGYO=-
phages, epithaliold cells and gisab cella nas been studled
for over fifty years and indeed most of the earliy in wvitro
studies of the menocstes were carried out on cells ocotained

Erom the Lowls

Carrel and Bbeliag (1926) compared the characheristics
and properties of ihe avian monocyie ia vitro with those of
tissue macsrophages fron the saae speciss. They wore able
to observe, photograph, and deseribe in their tissue cultures
the increase Ln size and trans foraation of the blowd
aonocytes to cells indistinguisghable from tissue QASTOPIESSRa

They reached the consclusicn that both the blood monocyte
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and tissue accrophszes are nerely functional varlatio.s
of a singlz type of cell anl that thewr siracture can be
meodifiod at will by caaazoes in the composicron of vhe

culture madium.

Weiss and Favcett (1)53) uslag a more ref_ned tissue
culture technige have also comaented on the in yitro
transformiion of blood monocytes o macroohases, axithe-

lioid and giant cells.

The monocytes appear to adhere to the glass oi tae
cultuare vessels early during incuosation amd assuwc the

characterisvics of macrophagos.

Weiss and Fawcetvt noted t.at by the thard day of
incubation the cultured cells appearad to lose thear
anochoid shepe and bocame f£lattensd out on the glass surface
and these now were referred to as epirthelioid cellse. Ine
najordity of the multinucleated cells in their cultures
apgeared toe fowm by coalescense of indavidual cella clihoagn
there was evidence that sowe binucleated giont colls do
arise as Qa result of davision of the mucleus Unaccozpanied
by cleavage of the cytoplasa. They did not howevor opserve
mitosis in cells contarniag more than two nucleis In
their opinion coll erowding and low pd of che medaun appeay
to favour the formation of glant cells ard im addition the

presence of foreisn matter aay also assist their Loraation
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by providing a nadus around which the epitheliold cells

nalaster, cohere and asubse uently uaite™.

Sutton amd delss (1955) studied oy moans of tne
electron microscope the sequential transformatvion Lu yitro
of chicken mo weytes o macrophases. They expresascd che
opinion that "the multimucleated glant c€oll 15 G OXLrQw
ordindry stracture and should not be regarded nercl;y as
a larger cell {:an those which fused o form 13", The
unusual feoastures of these cells are the massive accumulation
of mitochoadria, aburlont folded cell <embrane, iarge
vacuoles aml tae abseance of lysosomes. Tne gomeniration
of mitochondria aml ithe extensive [olded plasna mowrone
sugzested to then tnat tnese cells may ave acvave broasport
as their prazary function. Like tus ostocclast it nay be
involved in the movement of caleium in fissaes ond taus
may play a role in ectopic calcification as for axtmle in

tub~reul 2518,

The fue tion of the monocyte Gppears to og ine
synthesis and storage of lysosones and its derivativas,
the macrophazcs and cepithelaoad cells, fuaction as phago~

cytes capable of digesting tne disposing of thelr iatage.

2-3. ayian Lymshocsbes and lymphold tissue

A common feacure of mony of vhe exporamerntal inflamatory
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lesions is thoe preseunce of prominend, foool acconvil rcions
of lympuocyios. Simila lymonoreybte accumulatioas avae hoes
ahacry & by pr vious workars a 4 h.ve aviracted inturost
beeausse i thelr poss.ble relationship bo leukosws 22d to

inman? ro ctions.

In twe onindon of Luewns (1)49); Lucig aad 3roleioyer
(134333 Luc.s and 0akborg (1)50); Lucaa and Jresinayar
{1352)s Oaxverg (1950); Deninzton and Lucas {1350), all

lympnodd foca are abnora’dl.

Most of ine atudies on tuose "ectopic? lymohoid Zoca
wore made on tne glomular organs ol the donegiic Lol
ol To & lesser wgte .t on other spacies as vyoell., Litile
atsteontion however 23 givea to the suboubancous L.osug,
dospite the fuct ti1at bh.iy presence in thu s Lissue was
reporbed by several invoatigators as far back «% 13235,
Lucas and Broitmey.r {(1950) expruased tne opini>n thot tae
deatribution of lymphord foci 4n the derais can o0 congide
cred as roflectlag raagluo & €0 foveds i orzan.cas. Tiose
deraal lynpheid foct, @ccordins to the sine wuthorsz, oscour
mostly in wae L2t of chiexsns, winlst in flyin; b.ods Zaey
were weat doveloped at the top 0f fae aszad ad olese © Vo
anas and in wator fowl they were usually besi dovelowsd noar
the faather follicles.
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Lucas and Broienayer (1350), folloiiag tholyr ousrrvats
ions ol tie lympheld focl in the jancrezs, roagaNd Jhe
conel wion taat lymphold avcas can aad Jdo rawade o1l destros
adjaccnt clssug. Similor ooservallioas Were rop.. ..d oy
rayre aad drenenon {1992) In .ae case of lymphoid a »as
in the pitaltery, thyreid, adrepnl and sex zlaaus os $38
donzatac £o4l .l in thelr view such fock can only se
caonsidared as pasholgicals Tacse structuras 4 Jaored
hoever, in porphology oat orizin, from tneir gpamalian
counberpares end perhaps they were only modafaod porticns

of the wall of tae Lyaphatics (Trautwann amd Pieb.gee, 1).2).

Theas foou. were tnus found in practically ali wrzans,
but varied ia ymouns ana distri.ution tot onky ausyoun
dafrercnt gpecics but betwsen indaividuals of che g.ne
specivs &8 well, ad il vouy exteasive they werce tocn usually

ragard=d as pathological (Lucas eb al. 12.4).

The sii>s for lysohoind tisaze in tae duaszstle Lowl
4302 the splean, thyous, burss of Fabricius and iaoSestiaal
tract {(Si.g8, 1338). Apart frea tasse sitzs howover, tnore
wore others wasre varlous gaentities of lympioid tissue
gare gowbanbly preseats In addition vo the s 3tha of
lyaphold nodules which were nor wally assosciated Jeon

lympaatic vesaels there wers present in mosc avial gpooles,
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including t .0 domesgtic fowl {3igss, 1956), "ectouic? lymp~
hoid arcas which have beoen descraibed in connective tissue

and these were ofton fournrl in associncion sath blood vessols.

Lyagh nodes as seon in tno samnal wers nol progent in
most avian soacses (Bisga, 1956), bub pawrsd abtr wwures,
lonsely refarred to as "lymph nodas®, were pras. -t la the
gervical ad lunbay rosiong of a aumber of amjhibious

8iocies, Such as the duck &4 the goosc

Bigea (1)57) described ihe presence of lymphold Zoed
{"umurqal® pedules) in the walls of the lymphatics ond in
partio.lar these dreiodng the hind limbse These pural
nodules appearcd te be almilear in developioat axd siructure

to tae paired noles of tae ducuw and the goose.

Cock and Simonsen (1933) expressed the opinioa that
ectople lymphold foci cau arage de nmovo froa provioasly fraog
lymphocyiza, ia regpoage Lo logal infoction or rirr.iasion
and do not noceasarily derive froa ureeexisb.ns nigts of
cells of tie lympliord series.

Ball ot al. (1.63) considered it posaable t.ab a side
variety of pataogenic microorganisns as well as tozic drugs

an metabolites auch o8 buliverdin gan all prolucs stimue~

lation of lymphold fool in orgons such &s the av.in laver.

Lt 13 olzar fron thuis racther orief review of e
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literature taab despite the efforts of a nuaber oY vorkers
acae of tic conlroversiea concarniag tiue lyaphsid focl of

pirda aswve nob as yet boen resolved.

-4, Trausformtion of the Avian Lyashogyie to otbir coll
Eyacs

Glick gt al. {1133) describsd the role of wxx bursae
of Faebricius, @ hind gpub lymphoid organ, in ine developuent

of humral lasanty in tae chicxen.

Cook amd Samoasen (1.33) injectew hole hloocd fron
pure stra.n (1) aduls Jhite Leghorns into newly uatcacd
chicks of a ¢ross oot/ zen itwo highly inbred lia.s of the
same vrced {2 and 1) axd noved enlargemeat of the spleen
and liver of tae receprents. Froan their resulis Licy
concluded twt £i@ blood leukooybes or & fraction of thea
wore fully compebunt to initiate transplantasion lomumty
and antidbody production. They alsc exprasesd o osdnion
taal taese tronsplanbted cells can prollferusse aal attaga to
the surrouniing host cells in situ. Torasaki (1059)
congladed that the cells roferrcd t0 by Coct and Jinonscn
as ressonsible for these eveubs were the small Lyaphogytas.
The graft versus host reaciion 4as indeed tie @a20 08 Tt
desorined for the suwmmal ia tae provioas section. Tnornacke

(1353) carricd out @ histological exaninssion of tho lymphoi
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tissues an gern free chickss He dad not coserve any gerainad
coentres or plisma cells in tre spleen or intestinz of 2 - 6
wask old gora free birds aal this vas in condrast to the
situation in the couvinbloaal oircs of the ¢orres.03ling aze
ErOUpS.

The tayaus dependent dovelopmest of lyapheid Lissue
yag represcated by cee small lymphocytes of tno c.ovulation
ond tne nweser of saall lymphocytes in the lymshoid
sissues and +285 responsible for the ondogesesss of csllular
immmaty, i.es graft versus host vedsotions, res.oisis of
the delayed hypersensivivity type of homegrafd rojoction.
In thyicctomised irradiated chiokens tne gerainil ¢uniras,
slagma cells and i munoglobulin syalhesis remaincd inbact

{Cooper gt al. 138b; Aspinal et al. 1363),

The bursa dependent systen was represeaved rmprpholo-
gaeally by the larger lymphooytes of the germinkl conires
argl the plagme cslls and funcilonally by imauneglobulin
production (Cooper gt al, {1302); Aspiaal gt al. (1uB3).

Cooper st at. (1363) referred o tae thymus and bursa
of PFabricius as ceasral lymphoid orgass in toe chachon
essantial for tho onvogenic development of adaptive imaanaty

in thas mpeci :a.

Clapson gt al. (1467) stadied the fine atrwiaro of



53
tha lymphooyse fron wnd bursa of Pabrielus amld tlymas,
Jdose strikiazg of the fine surughural dofl.reacca o. dw2se
two ce1l zZyj.3 sas in Lae cyboplasmic ribosoael nomulatioca
and distribation. Lyasaosyzes lidisciazuishanle Liwl vursal
lyaphoeses wore found By Hhen wet.n wae splonic gorainel
oentre4., They observ.d taat we bursal type of Lyn.oocyles
were urderZoins transfor welon ©2 HMaenocytobliats” wilea
were 1a turn the peecursors of plagaa cells. Inis ovideace
tended to link the hursal lymphoayte o the plag-a coll
<3 a giagle line of cell differs fiation. Clavgo: gt als
{1357) obscrved taat the bursal tywme of Lyashocytaa,
proplasascytes and plasza cells were abseat fron a2 splecas

of bursectomised, irradiated, ancigen stimalatid airds.

It i well-knosn that the chiccen, unlike nxpanls,
has no organmused lymphold tlssde bub possessed Lagtaad
munerous axtraevagoular foox of cells ol tne lyophold
series throughout thelr body. Juffus and Allaa | 1453)
assusied taat, "if collular reactioqas similor (o taspe in
sheep occur in the chicken followinz antigenic stinulatiog,
the cells inv.lved would po aistribaced via tha clyoulation
LR order Lo propagate an fsaune respo.get. To provo thes

taeory they jumumised chaeys wita killed Salmenelin
Zallingrun orgacisns and atcepted o dotsct tne type of
cells invelvad in the Lasume response awazst tne Vadtocybos
of carculating Llood by eaas of the inauaesyto-oll: sion
nethods

Duffus andAllon c¢lossified the "imaunccytos” {cells
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involyed in speciliic iomune renction) which apooeved in
the circalat.nz blood of the amwanisad ¢iickens inlo the

Follruwing tnree CaI250riess

a) Heemocytoblasts, which made taeir apieardngce
afbor She farst day were ia maxinal azioirs
betironn the 53 - 5th day and sanlaal by tac
Tth day,.

b) Qelle of tho plaanacyte sorica. Pregen. fron
tan Jrd to tae Jih dav.

¢) Gelliz of cre lyopnacyto aerias,

They concluded, from the extent of impunssy -
adhesion, that cells of the plasmacyte serics wors the
more poilent mtiboly producers aaonzst the immunoe, 0o
In their opinion the cells of tne lymphocyke srrico uare
not actively secrot.ng naenaglutinin but nay hiwc uoon

involvad un ¢ellalar taamiity or with innanolu-iocl Lomozrys

The same authors considered at poasible £r Hae
extravascular fooa of lymphoid tassue in this 3)00.23 may
hive bean involved in antlbody oroduction in addacion to
the aspleon where most of the cells of the hursal d2.ondant

system are knoJsn o rosidas

5 Taz mnoytes

=

In birds the thrombocytes develop as mononucliear cells

which have a slast giage like thabt of obasr oloxd nlls
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and remain as such throoshout thoir 1ife span.

The av.oan throsbocyte L5 an elongated Liwed coll
slipntly larger taun an erybarocyic with an ovel nucleus
ard a cyboplasa composel of a frogesirk wish large spoces

(Lucts and Jamroz, 1361).

The function of thais cell ls considered by Lutads
and Jamroz o be siamilar to that of vhe mamaaliza nlacelet

in hamoegiassa

Sweedy and Corlszon (136)) auve casried ouv GXo2asive
electron microgcone and hi.tochemical studies oa those
cells agd reportad fae pregence of Ylysosonal liue
oysoplasaic inclasrons, golzl conolexes, alrocho ¥ria and
egdoplagmac retaiculasy as well as acid phoasphatase posctave
granales. They stacoed that fron thoir observations one
gould conclude thar thesc cells are pro3ably capablce of

carryins oub exhensive synthetic actlvities.

Ccxrlaon gt 2l (135.), follosins flicrescan. .l
clegtron nicroscope stud.es on these cells, reposvew that
the chucken thrombocybes nave a phagocysac activ oy Qg
evedenced by thelr ability vo segregate vical dywa ucy
as trypan blue, noutr.l red od acridine orange in aycoplasmic
vesicles and thedr sbility to enyulf, segregase arnd degrede

staphylococcal organiams. In add.bion they also studied
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untreated cells by means of phage convrwst microLcony
and nosed the Mrescace of perlnacloar vacuclos ¢ oaiadng
one or more gramiules. They oosservad tuat those c2lls
over a period of a few minutes to three or four hoyrs
groduslly assumede spialle saape aad the vacaolcs algrate
slowly tosards tae cytoplasasc memorane wnere thoay
ruavture ond thus liverawe their granales to the oxioslor
of the gell, Soveral new vacuoles were foraing ol ine
poranuclear arel., Thig procegss was goasidered oy Carlson
anl his collsagucs os indicatrag @ poosible troghisssiic
function of tne avian shrombocytle, the sigmficci.c of
which is s:ill unkaoun., Cnanz and Hamllion (1379 also
made simwlor gonclusion. Awadhya gt al. (1330) cos.rved
entulfed cargon parsicles ia the ihrombooytes and confiraed

shagocestic role of tnese cells.

dL.5agt cells and sasovhils

In the loger vertebra.es thero seeas to be o clcse
gamwtic relationshipy betseen the casophils {mest <.lils of
the blocd) and those in tho tissues in the sonsz t.at
basophils aay leave the blood and esier tae tissues undor
both physiologrcal and pathological circumslances. Cuce
in tae tissues, by means of hypertropay and reduction in

the size of their granules, they Yransforn into higtogencus
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nsat cells, dorpioclogically the alstojrnons mast colls
resenbled those of manaals altnough taey are as a rule
smaller in size and with £incr graaales. It was possible
that such a relationship betseen the blosd osasopail and
tne timsue nast cells wag pregest in reptiles end burds

as well (figaels, 1333).

They ware noraally the same size aad ship. og the
natorophilss Thelr nucleus was ususlly round to ovo® 14
shape and very rarely indended. Tnis type of muclais in
the basophils of lower wveptesrat:s aay be indicac vo of
i%8 lower position in tne evolutionary scale (ii+h Lz,
1353}«

In aviau blosd, basophils were uswalily iore wbundast
than eparmopbils and on averqaze fora 2% in a differondlial
gount, slthough in pome species such ag tne phadasi e they

aay fora upto 104 (Lucas anmd Jearoz Uoi},

The granulos of both the histozceasus dad 132 Qoo
genous elexents wore basoghilet and stazn scvacars mhically

with metacarc eiic staing gdacn as Tolending oluc o

The wvariasla structare and deagily of the grandde
mabrix ranging frow hoaogencus and electron densc Lo
coargely particula.: avd asrce eleetron iucid, as +well as

the occurrence of para-crystalline arrays aud ayelin like
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figures were considored as well«knoyn codractoristics of
mast cells end basophilic loucosytes (Flood and B¥Ggor,
1970), WJight (1970) described tho fiwe stracture of the
m 8t cell in chicken., He desericed cocll aarfase poauwdopodia
which were parallel to the coll surfacs, duffussly
distributed ridosomes, a small golgl complex, and numorous
specific granules of oval or spherical shape which wore
either aleotron opajue or less dense with fine gromler
matyix. He aseribed the verying appearance of the sranules
to the different stoges of maturity. Wight and Hackenzie
(1970) observed that the gromales of the mast colls of

the ghicken are relatively in acluble in water and chey
contaimd heparin but taey could not denv atrave histaaine
and other biogenic amines and several anzymes wiicl socur
in mammalion mast cells. Similar features were descrived
for the mast cells, pigeon (Bowers gt al. 1981) and ducks
(Vaisata, 1984).

1. Exparimental stadies on inflammatory zeaction 13 chicken

There has been no stady describing the basic changes
in the inflammatory reactlion in duckss. However, there are
various reports detarling the inflamnatory reasponse in
chicken,
247.1-Turpentine

Allen {(1969) desoriced the cellular reaponsc in acute
inflammatory reastion in chic«en. There was pronounced

infiltration with heterophils, monomuclear eells and bagophils
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durlag the initadl stagos, Lymphold hyparplasia uay
delecced in six hours. carlaon aad Allea (1383) injected
trypan olue, Stavhylococcus gursug 2ad bovine 39rua
albunin into the wing webs of chickea aad studied fthe
inflannatory raeactioca., Upte 3 hours pest injiscion tae
inflamaatory reaction was darinatad by exudation ol
wherophil <oilse Thas peag of exadatlion @ud tho most
agute reaction were at approxiastely 12 hoars pos?
ingechbion. The wost augerous cells wore o asisrohil
and & phagooytic wonoruclear cell #hich appearad 4o dovelop

from monogyteds

Jortnor and Adams (1971) studied the ultrastructural
feautures of turpentine induced inflagnasion. The imaiiel
respo1se was neterophilic and lafer taere was nacropuage,
apitheliold ard giant cell reaction, Nair {1973} node a
detailed lizght and electronnicroscopic study of the
inflammatory reaction in chiocken employing differont ageants.
He studied ths inflamnatory rewction following tug injection
of turpentine ani described the sequence of cnanses Laat
followed, Thirty minutes aftor the injection tae asserg-
phils and monocytold ¢ells were seen adhering to tne
endotheliun of venules amd capillaries, Tne perivasculer
aml intervascular areas were free from ilnfilirating cells.

At two hours heterspghils and wmonocytoid cells gere seen
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in the lumen and rall of +the vessels axd in porivascular
logations. At foar hours thesc cells were found ornlgrating.
Te ramber of het.urophils was more than the moemwoytord cells,
Basophils vere sead in the lasean and outside the vussels.
Muyy of vien aad degranila.sd., Lymphoid collectlons were
osgorved 1 She lausen of »any of tae vernules and as sall
collachions an the rerivascular locationg, AL 12 bours

sha lymohoid Poci necaae very ovominent, A% 15 howrs glant
cells were acen. At 26 houra insenalty of enigroiion of
heborogals daminisaed and many heteronnils were Ja0cyolliGe
The lvamheil foga oround the venules were numerous and such
vagaels wiasved enlarsed andobnelsal cells, Around cu@
ves.ils thore ras slyiat ptollferacveon of peticaloenio-
tholicl ceils. AL w.o days a&round wne gecrotic Qreds

nacrone es foraed & rinm and wsppeared vo fora a syncatiun,.

[

he :aan. vells were geon arraaged in & paligsade faslidon,

Perivase ilar lympac.d 32 vegation was promunent. i Loroe
days 2.4 8 pantle of grant calls wWore aeen around the
neesotae arc.  Ine lmaphuid cells snoved terleacs; oo spread
oul Lato sulpduwmiing roas. At five days pele thee jus
growta of ranulaticn wiccae inbe oi@ avcrobic aiaae At
Joven days psie and afwer, ranulation blusue L£orQacson was
prodinent.e fn seny locations tne lyashold asdulcs were
found circumscribeds AL 1% duys Dei.e bae necrvtis areas

vere complelelv replaced by granulation tissue, llany
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lymphoid nodul2s still persisted. By auatoradiographic
stadreg it wos demors trated that epithelioid celis orisi-
mated from azcropnaaies.  The cells in the lymphoid
nydules vere heberozenouss Colls wath tao morphology of
thymic lymghocytes and bursa type lyaphocyles vcre seen
clony; w.sh aany cclls showing nlastold traasfor otion.
Tronaltional stezes fron the blosgt cslls to plosoa cells
were ooservad. The tra.sfor mtion to aufure plasic colls
wag caaractorised by reduclhion in tne free ribescics oml
an incroase in the roula surfacad 2ndoplasmic rosiculum

which almost fi1lled the cytoplasam of the navure plosge cell,.

Awadhiya gt al. (1389) studied tas inflanmailory rcaction
in chichken using mesentery as the test systen a4 turpsns
tine as the inflammation inducing ajent. It wasg decusaenced
that hejoropnils and monocytes cmagrited consurrontlje
Participation of bagophals was also demombraved. A bhiphasic
nattern of vagcular poermeabllity was characterised by an
immediate trensicns reac.ion and a deldayed more orolonged
responic, The ilwcreasad perqsability was cofined o
venales. Awadhya ac al. (1.31) while studying the infla-
mwatory reastion follwwing taermal injury obscrved Lthat
there wugs concurreat enisrabion of heterophils auyl ponocyves.
Basophilic rospouse, glwnt cell forauavion and perivascular

1ymphosd Loci were scen in turpentine induced infix wtion.
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2-1-3-gtaphylococcus aureus

Carlson {1972) described tne inflamuatory response

in chicken cauged by Se aureus. The inflammation was

deominated by en exudation of heterowhils, menoniglear
cells and bazophilss The most characteristic obacrvat-
ion was the appearence of lymphoid hyperplasia as carly
a8 81X hoars post insfechion, indreasing in intensity uantil
£ 35 hourss Nair {1973) observed that by thirty minutos
the heterophils ware adhsring to tne endotheliun of the
capillaries and venules, A% one hour monocytoid colls

and neterohils were seen lan the perivagcalar aroca.

At 24 hours both in the intervascular area aml
perivageulay area there was predominance of heterophilse.
The heterophils hed accumulated in large numbers around
the inoculur and many of these cells were degenarauvod amd
necrotic, Basophils were seen within the small vasmsels
and in small nuabers in the perivascular areas f£raia the
thard hour owsards. Froo six hours lyaphocytes wore geen
within the lumen)in the wall aml around many venulose
Proliferation of reticuloendothelisl cells was scon around
these vaessels from 24 hours p.is By 48 hours nunorous
mecrophazes and giant cells formed a rim around the lesion,
Four hours aft-r tne injcction tae heterophils arcund the
inoculum haéd become completely necrotic. The lyaphoid cells
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were seen sproading out. Immature and magure plosna cells
were found within the secomdary lymphoid nodules anl olse-
where, By the 6th day p.i. heterophils wers more or less
absent in the intorvascular area, A continuous zonc of
glant cells surrounded the necrotic zone anl arourd these
were lymphosyues macrophoges ayd fabroblasts. [Hore peri-
pherally the granulation tissue was seen and 1t coabalned
mnany lymphocytes and aacropasgess IThe peravasculas
lymphoid focl were reduaced in size. By seven days atfter
injection the zone of giant cells around the inoculun bega
$0 breal down with the ingroJth of proliferating granulation
tissue, At 10 days the lesion had regressed 2@ %iore was

moderata £ibrosis with oczasioral islands of lym hocytes.

2.3 Freundts completve adjuvant

Neir (1973) studied the tissue response follawing
ingection of Freunxdts comple ¢ adjuvant and described the
sequance of changes. At four hours there was heavy
axudation of heterophils. Buaopnils sers seean froa the
fourth hour byt they were few in nunbsrs The transi:nt
predominence of heterophila in the i:itervancular area was
replaced by that of mononuclear leucocytes, by 24 hours.

At 43 hours ninety per cent of the cslls in the intervasecdalar

area were monceytoid cellse Droplets of inoculan uere
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surroanied by coasentrically arranged monocytic opitheliond
cells and fibroblastss The lymphocytic ealzratiocn vas soan
fron the eizhth houre A% first they appeared as small
perivascular caffs but from 48 hours they sgread out. After
the foarth day plasma cells alse made their apg.carame, On
the third day a second vave of emigration of heterophils
was seen. Many small vessels were filled with hetcrophils
and few monocybes. Tne recurroat waves of emigration were
seen upto the 12th day, After two weoss the gromuloma
conta.nad mnorous epitheliocid cell collections survounded
vy cellular zeone of macrophoges, glant cells, lymphocytes

and plasma caolls.

2-1-4Dextron gulphate

Nair (1973) studied the sequence of inflammatory
respoase f£oll.uwing the injection of dextran sulphave in
chicken., 3y one hour the endothielium of the venule was
lined by tae monrosytold cells and heteronhils and an occas—
%onal cell sas seen esmigrating., By six hours lerge numoecs
of heterophila and novocytowrd ¢alls woere soen perivascu=
larlys Beth the mononuclear cells and heterophils
epigrated conourrently, Therc was evidence »f tronsfore
mation of monccytoid cells with the blood monocyss inko
typical macropuazes with enlarzed acidophilic cytoplasa,
At aboat the 16th hour the monccytic cell formed 80 to 70
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per cont of the oells in the intervasgular area. In
gould.ine blue staled sestions almost all cells wore

sgon Lo have iagesc?d dexiran sulphaigs. AT 24 hoars glant
cells were seen sd the heterophils in the iatervascular
arce hod deslinel in nuznbers Colleetions of iyushooyies
were preseat near tne vesaels and by 43 hours mmorous
iymphoid fooi were preszalt. By day four the hetorophlls
had somplesely dussppeared ard the inflased area consisted
of round or apimlle shaped macrophsges. Prol.fivati~on of
yeticuloendothellal cella was seen around the Vvossals.
Pibrg_blastic prolifceration was ingiznificaat. By sovem
days osnly the well orientad mecrophagus aloag wiitn very
few fibroblasts were seen. The lymphord foci warc seen

surrounded by a narrow zone o¢f granulacion tissda.

2.7.5. Taleun

Hair (1873) studied thae inflemanlory resseast by
injecting talcame Tne corly cclliulay response was sanilar
to tho reactuon inducod by desirsn sulphsius ALUo 26
Boars she indervascular oxulda.e gondisied of f10 3 504
colls s an edmixturs of norgsl agd necrolic Loet.sophils.
A% 43 hours th3 heblerophils were scanly, Away from the
ipeculum bhere were nunerouws well develeopsd DRGRGRAICS

and few Leworoghilss. In ploces wonerc taloum 483 prosont
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there was mainly a giant cell reactlon. Presence of
gliant cells of various sazes wath aumerous mucled noscly
asraaged in tne periphery and containing crysuels of talce
w2 the conmon f£ind: sy the gramaloaa. Thore was nassive
nocrosis with the incculuam admixed w.th nocrotic aalerial
and fibrin. This necrotic wass wvus surrounded oy o vin
of hetuprophils. By four days bhere wore many gitv.. callsg.
At day seven, tus granulose consisted of maanly sials
cells and all of $hem werce gontalnmang crystuls of t5lo.
The graauloms bocane encapsalated by fibroblasss by this
time. By the tenbn day sne reagtlon site was cuaple.ely

enca sulated.

2.1-6.Exbrinegen

Nair (1973) studied the collular response £ Ziorinoen
and stated tnat the cellular res.oase Lo fibrins.on during
vhe first 24 hours was almost similar to that goon after
injection of turpentane. After 24 hours numercus pgiant
¢olls were seen around tne inoculums. By seven d.y& nost
of the hetereshils nod disappeared and large macrophages
with eccentric nucleus were commons. cerivascular lymjhoid
aceumwalation was seen abt 24 hoiwrs. At fouar days nany of
thege had fused to result ia large aheetg of lynphold cells.
Ogcagionally snall acoosdary nodules contoanwn, large

lymphoid cells were scan,
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277 Asearis auun and Toxocara canis

Nair (1973) studied the cellular response o NCIEro=
genous motazoan parasives in the chicken. No basic diffcr-

ence was noticed betveen A, suun and I. camig larvac. The

chanzes ooserved were the same as that seen with obler ageats
during the £irst 20 hours p.i. Tae larvae wore sarroundled
by a nass of cells comsistling mainly of nacropnagos,
hoeteropnils and glant cells. At 24 hours promi it colleet-
ions of lymphoid oalls were acea., At four days noorotic
changes wore noticed in locasvions waere the paras..ea vore
locaveds The nucrobtic mass was surrounded by mullinacleated
glant e¢ells and around these a zone of fibroblasgts Jas Selil.
Perivascular lymphoird foci weye characteristic. Fron the
fourth day there was marked reduaction in the numbar of
heterophils and by teanth day marked fibroplasia vas svident.
At fifteen days the reaction was cndracterised by rémnants
of parasites, giant cells, few macrophages, fibroblasts

and plasma cells. There was no evideace of any cos.nophilic

reaction at any stage of the reaction.

2+1.9- Red blood cells

Toth and Norcross (1931) inoculated youn; duckling
with chicken blood cells intravencusly. Breeder ducks

were inoculated twice with an iacrceased dose of chlcken
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RBC. The young ducklings anl tae breedera raspondad wath

vory Low titres to chicken RBC ard s:eep RBC.

21 A dypergensitiv. ty reactions

Luona axi Senedict (1977) studled vhe ¢hanses In
reversed sassive amphylactic reaction in chickea and obsesved
that heterophils were tne earli.st infiltrating colls.
Dhodapgar gt ai. (1381) swudied tho reaction and documented
conguwrrent enLiration of monocsiad and basorhils ILnllowiss
heterophilic redction. By twalve hours perivascalar
lymphoad 8g regations wore seen. By 48 to 72 hours thoey
obs2rved fibroblastic proliferatioci. They suggesioed teat
carly emigration of heterophils and monveytold culls amd
papticipation of vasophlls were charactarsstic feutures
of acute inflemmatory reaction. Maxwell emd Buens (1982)
by giveng multiple intraeperitonenl injecsions ol novse
geram Lo chicizen induced sensitisation aad this i-ouced
eosanophilic respoagse.

2 1toDvnamics of cellular involyeaent

Nair (1973) ovserved that adhercace of lcuccoyses was
seen in venules a.d occasionally in coprllaries ond this wes
nouiced indpendent of the arritants esunployed. Bul the
iascensaty end onser of eaigravion of leueocytes varied

with the iArvotuntsg useds Jiba turpcniing cnlIra.Lon «es



63

oheerved by 30 minutes pede amt with taleun it did aot
becaome pronouncod until about 4 to & hours. DRuriny early
phage of inflammation hevercophils emigratcd. The .mtero~
phiils wags ghown %0 hove greator aobility than monocjtold
cellse [fhe neterophils disappeared soon bub thers weare

fresh waves of aizracion of cells,

Thae aajorlsy of wonocytold cells presont waS shown
to hove characters of blood monocytass Thoy were soun to
change into adasrophagzes. Tne macrophages wsre showyn to
be 2fficien’ phegocyiess, The epitheliold cells wore
desonsgtratoed to oviginate from large umlifferenticied
mononsclear cellge From sequencial studies it wis concluded
thas giand aells were fopasd by the fuslon of mecrishages.
The giant colls were choun to e capable of ingesliag a

variety of part.culate matier,

The lyumphocyveg were seen emigrating by eboul aix
hours and secondary lymphold nodules were observed when
inmunogenic agents were used. The lymphoid foci foramed was
scen o spread o surrounding area by about 3 to 5 days.
This fealure was not observed with dextran sulphave and
it was gorsludaed $naet sulphated polysacchride lize doxtran
aulphate could inhibit this., The secondary lymphoid
nodules geen were considered anatomical parallel to gerainnl

contres in the spleen, Plasma ¢ells were seen by 2 %o 3
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days. The plasna cell liaes were assoociatad vith

proliferating reticulo endotnelial cells.

In the inv-stigation conducted by Nair {(1,73) in
anicken hasophilic ealgration was seen ia all tyis o.
inflamasatory reiciions indaced by dafferent agervs. Jus
the regyonse was ooroe when turoentine awd or bovinge
fibrinogen was wvaed., The arrest of lymphecytes in uhe
arca of inflemmatory reaction was saggested to h2 due to
libarating of heparin by basophils at bie sete ol rrachivi.
There vas no involvement of eos.nopails in any ol Je
inflomwatory reactions. Therefore ot was sugies.ad %3y
chicken eosinophll aay no% have the saze functisn as that

of the mamu.alian eosinophils.

Fibroplasia was racovded by Haar (1373) by J w 5
dayse The only instance in whicn fiuroplasis wis 1oy
ragorded was associsted wath inflammation tndac.d ay
dewtran sulphate, Transitioaal stoges from thd Dlogt cell
to mature plasme oull vas ooserved, The traasfornaeion
was graragtarssed by redactioa in frae ribososals il an

inerease sn the rouga surfuacod endoplasaic resicalid.

3. Buek plagae

The diseage was first reported in & commerc.oi Llook

en the eagt coast of Jnived States and was desi,ai.od as
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Duck Virus Enteribis. The dis2ase nas sasn subsiquralily
reporved from China, Balgium, Froace, Netaerlands and Tnizl.
Duck plazue was Lirst reworted f£romn Nebnerlands Ly Jonson
ard Knust (1)43). Jansen (1351) gave « detailad account

of tho disease, In I[ndia Mukherjoe gz al. (1363} fuirst
desecrioed vae incidesce of duck plague in Jost 32ngal.
dukherji ot al. (19563) observed lisulessaess, Lobwrgy
drooping winss, swollen face and sticky eyelids Ond nasal
Aisgnarge in affected duoks. Thare was promduccnd srsaml ™
diarrhosa, There sag enlargonens ox the livar, &23..ored
pebichiae and greyish while spots. I0raans 0L GI2JL8N #idkus
necrotio apoLg were secn An the osesophagus.,  The natosd of
bae pgrzzord .ac thickeped and there were well doli.xd paleec
of heeaorrnd;es in the intestines. OGoghoratis &Ll seritonlilis
varg alse oas:arvad, Intraaucloar inglusicas wors Jdoscraded
in tne liver of ducks. Jansen (1354) obscrved tha% the
sevory mortality coscrved an Madras durrag 1244 - 45 w'?r: no
vacterial orgonisas coald be isolaced from affac..d ducks
syl oxocramental sracsmission an chicgus emoryo woo not
siccessful mignt have been ousbruaks of duck plofu:es Dardiri
(1)74} gave 2 descriptuve account of she causlo.ve pIeat.

He ruportea .1ab aller tas 12th egg passage in cnuclien egis
the varas wieomes letnal Lo chicken. dajan 8¢ 0l,(1976)

and Noar aad mlociana (1531} desorioca oguvbroahs of



duck slague in Kerala and lesions gbservad oy thea were
similar to that described by Muserj. gt al, {(1975). In
addition to these tney also doscribed necrssia of €ae
musculatuare of the gezzard and heart auscle fiDrod.
Loapovitz (1277) considered enantpowatous lesious im the

antastine as pataosomoale of duck plague infusi.on.

L. Raniichet digeasa

Ramiinet diseass is a aghly contagesus auflotlous
daseasoe vwiucn nainly affects chicwen ard tur:ieyss .ae
digease was €irst desgeribed by Doyle in uaglad Ln 1927.
Ldwards in 1938 first described the sccarrence of e
digsease in India, Sibsequently, it has been ropuriad Lrom
maeny parts of the world. [lansen {1268) describod four
patholeog:c forus of the discase. Accordiag to h.n in
Doyles form haoworrhagic legions in thie digeabiv: tract
wasg a promsanoent fsabure and tnus was caused by cartain
velagenic ond Asiatic straina. In 3eaches fora aluo caused
by velsgenie straias losion was promanent in the sospiratory
tract aml nervous systets. The Beaudette's f.ra uos an
acute respiratory and lebhal nervoas infection of growang
chigien. In Hitenner's form the disease wag & 0.14
transient respiratory infegtlion caused by loabrguiie

strain.



73

Acoor.ang o As lin (1347) duces aad pheese zniaeted
did not develop clinical diseaso althouth trey pogsussed
anvibodics. Roegorss on patural and exserimencal Ia.u..R2T
digsegse in dueks weare controversial. Iyor {1X%7) could not
iafect dusas with virulens strain of tho varus, 3Saarmia
et al. (1977} wnfoeted ducas wath a viralemd Soe.l oL ohe
virus ol concluded that ducklings fere sigceptibls Lo the
infection and thev »hasrved pnousmoencephallbis Lo 1% de
Srirasen et al. {1980) infectad dackliys +ith & v2loous
strain of B D wirug cxyeremontally ous could nav 20 Juce
the dnfection an then. Tney concluded tagt dudciile.w's sere
reswstant to R0 infection. Sulachana gt al. (1931, isolaved
a strain of Nowcaskle diaease wvirus from ducks all.om from
rogoiratory J.n,‘ scbion and 1t wags found to be pata:newue to

ChiCren.



MATERIALS AND METHODS



MAPEQTALS AN “LLTHIUS
1.1+ Stock

Birds used la this series of ewoerimenis were Josi
ducks of & + 10 weeks old, When studylng tie rosporse of
Ranikhot diseasgse virus aad duck plague wvirus birds of

12 = 16 wooks #sere employed.
1.2 Agonts used

Turpontine - (commerclially available)
Dexsran sulphate (Mol. wie 530,330)
Freund®s complage Adjuvant {Difco)
Honologous eryihrocyles

Talc (eonracrcially available)

Staphvlococeus aursus

Ranikhet digease viras

Duck Plague vaivus.

1.5+ Breporaszon ¢ adminlssrativn of sgocula

The different inoculo were prenared aml <0pt in sterile
utenails and storile techns jes were uged thyoaghouat, The
guantity of inoculum, .he route of admimisiration and biopsy
schedule are summarised in table 1. Subcutaneous injections

of inocula were made by means of 1 ml tunirculan gryringe and
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26 pauge medles. The site for sabcacaneous ino.ulatlon
a8 in o feb of Lac log exce.t Lor bhe viruscs which

ware alnimscerad 1/4. Blops.es were takea ah L.orvals

as jmircacad {Taole 1.

1.3.1. Turjontin

E et ey

Turpentine (0.1 ml) was incculated subcutancpaaly in

the reb of Jhe foob,
Te2s20 Doxtran culohata

r e 2

A 2o solation pyepared in puysiologicoal salie and

Ue1Bml was enployca for incculabion,

1.3.3, Freund's complewse adijuvant was incsuloses gaccuta-

naously (J.15R1) <nd biopsics were tier a. the oodetermiied

inkorvals.

T.344. Homologous eryithrogyies

Erythrocy..ag were prepared froun biood drawvn Lrom the
wing varn of duckse Five al of blood were draum i a 10 ml
syringe conbaini 3 LOPA at the rave of 1 mg/t ml £ olocd,
The zamples wore ceatrafuged at 3000 ref for 15 manules
for pacsling the erytiurccytes. The plasna was discoxded and
the buffy coat was removed by a w#ide mouthed Pazseur pipetic.

The orythvocytes were tnen resuspended in 1 wl of



TABLS X

Details of duciks used, agentg inject.d amd schediic
of collection of satoriels for shudies.

o of Route
Nunber Agents AQuantyLt Time 2t vlleh leslons  injzctilon £
of ducks injectad Y wore cxanined sstes/ iL -
duck 3 -G
taon
1¢ Turseatine {coonorce )3 aan
1ally evailaole) J.1 2l 1nry 5 ar, 6 ur, 12 I 2 Subcstamecusly
1 day, ,4.6,&, i and 21 dayo
10  Dextran sulphate 23 _JJ [k
susponsi-n ln dastilled 1hr, 2 gr, 3 ar, 6w, 12 v
water 315 21 1 8y, 2,4,6,3,1 asd 21 days 2 fa
10 Freud's coadlete
adjuvast (Difeco) Je15 0l 50 1in
ey, 2 ar, b oarg 6 oor, 12 ar 5
1 day, 2,4,3.14 asd 27 days «
15 Homologous erythro- a2 ml 32 run
eytas 1 hr. 3 by, G v, 12 hr
1 day, 2,456,2 2 1% doys 2 »
10 Tale (consercially Je2 w1 JJoin
available) Je 34 suspension in 1 hr, 2, & o, 12 b
distilled water 1 duy, 2,4,3 8.4 14 daye 2 u
10 tapaylocoscus Je2 al 33 nin .
aureus 12 x wa 1 ar, 2 b, 3w, & he, O w, 12 ar,
Bacturia 1o or 2 !
uE T day, 2,3, 5520, ad 21 dags
13  Renixbet dasease 0.3 ml sSacraficed on Jth, Gth, 7ih 1 Iatroruscular
virus 1 in 5) g/c  3ia and 9t day ed.
13 Duct nlagul varus Jes ml 3acraf.cad on .3h, Gbh, 7ia, 1 I drosaascdalar

3tn aad Jbo 1y 0.1
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physiological saline and recentrifuged. The asupernalant
was discoarded. This procedure was repeaved twicos. A portion
of the suspension was diluted to 4 times amdl 0.2 nil of this

suspension was cmnloyed for inoculaticn.

1.3.5. Tale

Commorcially available tale was mixed wita physiologi~
cal aaline o contoin V.5 g of talec in 107 nl of normal
saline. This was gterilised and stored in sturile conbaiaeras

bafore use Jnd 0.2 nl vas inoculated susculanzously.

1.3.6. Staphylococcus aureus

An avian strain of Staphylococcus aureus vas uiod.

0.2 ml of an 12 houwr orath culture was inoculated subcuta-

naausly.

Te3s7» Runiknet digeasa virus

The Komorsv strain of virulent virus ootainod rom
the Veteri.ary Biologigal Institute, Palode wag useds The
vial couataining freeze dried material fros 0.5 ol of tae
original suspension was diluted with 3 ml of diglillied
water. From this diluted vairal suspension 0.5 nl was
transferred into another tost tube coataining 5 ml of
distilled waser, The f£imel dilution was 1 in 50.
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Pen ducks were employed for the study and 0.0 nl
of tho varal saspension wes given I/de In this case
tassuen were collocted from visseral orgoas aftor sacvafice
as indieated in the table ko study the cellular ro..onse

after sysiemic spread of the virus.

1.3.3, Duck plague virus

The virulent virus wasg ootained froa the Vet.plimry
Biolozicnl Institute, Palode, The fracze dried varas ves
diluted in physiclogical snline bo make a final dsiolion
of 1 in 50. 0.5 nl of the viral susponsion was 1hwcalated
intrepuscularly. The dacks wWere sacrificsed at tue int rvalg
ag indicated. Tissusn were collocled from >rgans Jop histo~

patholozical stady.

Tofee digtopathological invesiigation

Tissios colleched for hastopathological exomanation
were preserved in 10% neutral formalin. Roubline ocaffia
caoidding technijue was ade)ted axl gections worre utb at
4 =6 M in thickazss and staimed with Harris Haeoaconylan
and Eosin. 9Yharever mecessary sections were alle stuawnecd
wath Van Glesonts picrofuchsin, PAS stain, Parl's astan for

iron (Luns, 1953) and toludine olue (Padawar, 1359).

TeSe Electron microscopy

Pieces of tissue collected from the weo of th2



79

experimental birds were fixed in o mixture of 1.5 %
sarforpaldchivée in Water and i.5% glutaraldchydo ln
0.2 M1 phosphate paffor ab 4°¢, ime tlssues were waea
waghed three tises in 0.1 ¥ phesvhace baffor and post
fixed in phosuhate buffered 14 csailun tetroxide Lor ozne
acur at 4°C. The specimens ware rapidly dehydra.ed in
graded series of ethancl, passed turough propylene
oxide and embeddeld in Epon. Ulira thin secticas vere
adb i an LEB uliratome and mounted on coppsy preds and
doable stawnad wiea agusous solution of wranyl «cobaie

aid lead asl exanined in Philips 31 420 eleotron ricrosocapd.



RESULTS



RESULTS

1» Qeneral observation

The eaelliular dynamics of response to the various
irritants wasS studied by light and electrommicrozeopie
ohservations. Detarls of cellular involvement werc docn-
aented at specific time imbervals. Changes at all time
intervals were not deserived if the pathara of orliuler

reaction wag qualitatively sanes

2 Light microgscoplc studies
2.1, Turpenting

Inflamsatory response was sbtudied on vhe tassus
biopsies from the subgataveous aitos of inoculation of
furpentine. Tissues were collocted at 30 min, 1 hey 3 hr,
6 hr, 12 nr, 24 hr and on days 2,4, 6, 8, 14 and 21 doys p.i.

At 30 min p.ie tnere was gevere congestion. A Iow
mambers of heturophils aad monooyboid cells sould be 3cen
adhering te the emdotheliunm of venules and capillaricos and
an nscagional cell had emigrated out of the blesxd vvascla.
There was masrgination of heterophils and erybhrooytos on the
vall of the capillaries amd vemules. Pibrincus ocsdong was
scen peravascularly, Heterophiis and a fow moudoytosnd cella

wore seen in che perivescilar apmce {(Fig. 1, 2),

At turaees hours p.l. émigration of leucocytes was now






Fig.3 Propomieramce of aneterojhils in tae sellulay
aggregaton. Turpentine 3 W pede 1o o X 4.0y

Fig.4 Hoteroshilic predouinance in the exadato,
Turpentineg 3 hr poie H & ©» X 402,
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well-astablished and heterophils and monomucleara, appearad
%o emigrate concurrently, but the former seeaed to do so in
mush higher nusbers than the latter. %The najorlty of the
mononuclears seen adhering to the endsthelium of vooulos or
in the perivagcular and inbervagcular area was of tae monogytoid
type. An occasional cell with deep staining muclous and wath
a narrow rin of c¢ytoplasm could also be sesn adnix.d with
the monocytoid types. A large number of heterophils, most of
them necrotic were fournd accunulated &t the porlzhary of tne
bleb foraed by the inoculums Some of these hev.orojsigis
wara devoid of gramles or foumd Lo contain agglomer.ated
granales. Guantitatively there waa a preponderents of
hetorophils ovaer actoeytoid cells, approxiastely Lo to

£ive hatarophils to ong nmonocybtord cell (Fig. 5, 4)e

At six hours after injectiun ocdena was sbill proninent
aml theore was deposition of L£ibrin within the bleb of the
inoculum, Many of the vessels were thrombosed. Loweosytic
epnigration and Lafiltration continued to be promineits The
heterophils were found atlll emigrating in higher mubers
than the mononuclears and in the 1n’cervascu1ar:¥t§era woas
accumulation of hetorophils, mamy of them necrotic along with
aomocytoid colls {(Fig. 5). A feow o the nonocytolid
mononugclear calls in Yhe intervascular and perivascular

locations were larger than the other cells, with abuxiant



Figed Monocytoid cells and hetoreoshils many of un.ch
are necrotic. Turpenbiae 6 ar Dede d o « 3 100

Pigs6 ‘lonocytoid cells in the intervascular and
perivaseular locations with abusxdant ayi:o Yo
:;nd o)nn.]gy,m of nuclous. Turpentine 5 nr bei.
i w X I3






Figze7 Large nuacar of momosiclear cells in the walor-
vaseular ared. Turp2atiho 12 e pess Ao L g 433,

Pige8  Large namber of neterophils. Turpeatiae 24 P pede
Ho =X 4!30.
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acidophilic cytoplasm and open type of nuclaus (Fig.6).
Some of these cells were vacuolated whils a fow othors had
containel heterophllic granules. Cells with the norphology
of basophils, were noticed an the sections stairad with
toluidine bluo waich did not reveal typicil basophilic
metachronatic granules, but had s metachromatic coloaration

of the cytoplasnm.

At 12 I pei. omigrabion of both heterophils ond
menocytold cells were still ta<ing places &ven though the
heterophils werce still emigrating in large numbers, in the
intervascular area the mumber of mononuclears were found
to be more (fig.7). The monocytoid monomuclears continued
to increase in size, many of them assumlng an irregular
forms At the border of the necrptic zZone there wus a sheed
of monogytoid cells, some of which showed tendeucy to fLorm
nultinucleated giant cells. 3asophilis type of ceolls ware

not prominsnt,

At 24 br peds there was a deocline in the emigration
of leukocytasi heteirophils ware still found in large numbers
{Fig.d)s The monoaytoid mononuclears showed a tenloncy to
further ilnorease in size, The cytoplasm was abumdont,
eosinophilic arnd some of them contained ingosted collular
debrise Small lymphocyte like cells were seen emisrating



Fig.9 Swollen vasculer emdotheliun, lyaphocybtos and
Macrophages seen peravaicalarlye. Turgentino 24 e
Pede H o B x 1030,

Fig.10 Collalar exudate consisting of macrophages,
Jiy?phaeyzgg and heterophile. Turpentine & doys ped.
d & L X .
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from vessels whose endothelium was found awollen and had
taken the form of cuboidal cells instead of a flatiened
appearance (Fig.9). The pericytes of these vesscls appeared
swollen and had a bhasophilic cytoplasas A few fibroblasts

were also seen in the intervascular area.

Levkoeytic emizration was not a characterisilc feature
at 43 I pers even thouagh many newly foramed capillar.es
were clogred w ith heterophils. Heteorophils werue auill
seen in the inflanmatory exudate, but the preq%inmt feature
was the presence of large numbesr of rogularly arranged
monocytoid -~ phagocvtes and proliferating fibroblasts. There
was also evidence of colluzen deposition. Some of the
phagaooytic cells were in the process of mitosis. Lympho-
cytes ware ascen in groups around blood vessels: Noar the

nearotic zong the nmumber of giant cells had increoged.

&t four deys p.i. thers was not much evidence of
epigration. Cellular exudate consistad nadnly of sononuolear
nacrophages, lyaphocytoid cells and fow heterophils (Pig.10).
This inflammatory zone was surrounded by 2 highly solluler
and vascular granulation tissue, Focal &reizs of gramulation
tissue have exte:sded and merged Jith each othar to fora a
hizhly vascular zone. Away from this merging zone, loosely

arranged monomclear macrophages and Libroblasts waze astill



Fig.11 .lmssive accualazaon of nocrotic leucoe Aon,.
Turpentine 6 days p.i. H & L x 203

Fige12 Predoaiaant accunmulatlon of lyaphocytos ard
aonooytes. Turpeating 6 days p.le 2w o X 430,






Fiz.13 Collagoen deposition in the inflamnatory 2036
Fioroblasts and Aacrophoges acticeds 4 & 7 2 20

Figs 14  Concurr:ant esigration of heterogils and
m{smnuclge;g c¢olls. DBextran sulphate T he pude
H &GOS x 290
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praosent, Among the vascular groups, suall cdllegtlonsef

lymphoostos wers pressat.

At six days p.i., the lesion contained ntssivo asou~
aulavion of nsorotic leukoecybtes (Figeit), Hout of the
macropnages appeared large with a rounl pale gsoiaing
reticular typ2 of nucleus. The zoms of grasslallion tiasue
hordored by the ciant cells was beang replaced by aore
fibroua tyve. Inoreazing mambara of lymphocytes w73rg scon
along this compact tissue. In the intorvagoular Jrea
theroe was oredominant accumulation of Lymphocyous owid
nacroghages (Fiz.12). BSome of shese lymphocytas conld be
soen inflitrating in the #ells of veins aml somelanos
art.riclas, At eigh® days tnere was not much gualitative
dif£f .rengo in the lesion except tuat thore was more gollagen
deposition (Figs13). At 14 days p.i. the composition of
the lesion was simiilar but the granulation tissse was more
compact Jith increased rumber of lymphocytes. Fibrosis

waa very prominent.

At 21 days p.ie. fibrous tissus hed compleioly vuplaced
the necrotic iissue. The cellular component was vory
sparse with oasasional growps of lywphocytes oad 4 few
maorophages, The lymphocytes did not show any evidonce of
infiltration, There apprared to be a tendency of prolifaes
ration of pericyte like cells around blood vessols.



Fig,15 Heberophils and aonocytoid cells wabth high
properdion of heteroonilss, Doxtran sulphate 2 hr
Pede H & 3 x 1020.

Fig.16 Porivascular mccunulation of monocytoid Gells
and heterophils, Dextras sulphate 3 hr pei.
Howow o2 430






Fige1? Large nuaber of heteroghils in the intorvagaulor
zonz. Dextran sulphate 3 v poae H < S x 230.

Pige.13 Heterophils and monogytoid cells with preponlorance
of nonocytoid cells, Dsxtran suiphote G Ixr p.is
[ SRS 4 4\)3.
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2+2» Dextran sulpghate

From table 1 it would be seen that 0.15 Bl of a 2%
solution of Dextran sulphate was injceted subcutansously in
the leg web and biopsies tacen after 30 minutes, 1 hr.,

2 hr01 3 hrcg 6 BTy 12 hr., 2h hr.; 2 dayﬂ, 4 daya.
ly days
6 days, 8 days,anrd 21 Jays,

AL 30 pinutes pel. toere was slight coagestion of
blood vessels. An ocsasionl heteropghil was scen smigrating.
At ono hour peis emigreition was little more proncunced. The
vesgel walls wore paved with leukosyses and there appearad
10 bo congurpent emigration of hetsrophils and moncsytowd
e¢3lls alihough vhe nuaber of monocytoid czlls wore very
fow (Pide14)q

Congestion 8till porsisted at two hours znd t.ree hoirs.
Both heterophills and monocytald cells wora emlzrating in
large nuabders, the perceanvage of hnetorophils beiny hlgher
{Fig.15}« The mononuclears, zany of which were of the nono-
cytoid type tenied to accumulate in tne perivascular
locations {Pig.16) Wwhile the hetorophils were foardd in large
numbers in the intervagcular arcas (Fig.17). Bolis tho
hetorophils, some of which exhivited degranulation aad the
wonoey boid menoniclears Appeared gwollene Nuncirdis wvacuolas

of varying sizeg were!/aaen in the monocyuoid celloa.



Figs12 Fronounced guigratioa of heberophils amd
monogykoid cells. Dexgran sulphate 12 L Dazs
d % B g 200.

Fig.20 In the intervascular and perivascular locoslions
predominant infiltration with monosytoid gulls.
Dextren sulphate 12 v pede H & 2 % 150.
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Concurrent emigrabion of bota hetorophils and
monocytold cells was still going on ab 5ix ROurs el
in larger numborse Bue both in the perivuscular and
int ryascular aveas bhere was a monocytoid coll yroucal-

nance (Fig.18). A fov of the hetorophils were nocrobic.

Ab 12 hours p.i. emigration of leukogytas, mainly
heterophils and monocytoid mononuclears, was still jSoing
on in large numbers ani the reaction appeared masrimol
at this stoge (Fiz.19). Both in the .orivascular axd
intorvascular arcas there was a mononuclear prolormnandd,
aporoxinately cougtituting 704 of the cells (Fiz.20). The
nonocytold monsnueloar cells snowed varyging levels of
morphol .zical alterations, in size, shape and tiactoraal
provertice. The cytoplusm pecame foamy axd tha mcloeus
oecance large and pale stawning. Cytoplasm also rovooled
nuncerous granuless. A fov giant cells werce also cuen. Bota
1n the macrophages anl gilant cells phagoeytic vacuolog
wer2 goen in plenty. A few lymphooytes were scea lying
on the endothelial surface of the venuloes, bat hardly

any of therm could be obsorved in the perivascular area.

At 24 hours peis there was decline in tae enigration
of heterophils awd monocytord mononuclaavs., The ccliular
composition was mainly of heterophils, monosyboid colls

and fov lymphocytos (Fig.21). Some of the macrophosoes
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have become large meagdsring upto 20 /u in dlaacter vith
ascidophilic coapsely vacuolated cytoplasa and witsh lrregular
and rufflod cell membitanes. Cells in dificront stoges
of morphologicael tranzition fyom the typlical blood
monoeyte to large macrophagos were found seatiercd in the
porivascular and intsrvascular arcas. Hany heterophils
were necrotic, some with complete disapjearance of grasules
ard pyknotic micleus. Small lymphoid accumulations were

noticed in the perivascular ares.

Two to four days p.ie emigration of hetorophils and
monocytoid cells was abscnt but lymphooytea could be scen
8till emigrating to Lora lymphoid focl perivasculorly
whan the lesion was cxamned dupring 2 - & days pe.ie. Tnese
lymphocytes did not show any tenlenoy to spread out into
the inter vascular area. Cells with the typical norpholozy
of macrophage socue of thea reacning sizes upto %0 /u wera

observed. Hany of thase cells were in siages of nitosis.

The macrophdages in the paripheral rows wore more
unrform in size, bubt with indistinct ¢ytoplagmic vutlane
and pale staining nueclel, majority of them bein; locataed
ecconurically. In the deeper areas the macrophagcs wore

amaller and were arranged without any definite oricntation.

At six and eight days p.i. the lesion was moatly



Fige21 The cellular exudate consisting of hetoroshils and
nonocybodd calls and lyaphocyies. Dextran sulphate
4 hr pele H & B x 430«

Figs22 Lynmphoid aggregates forming lyaphoid nodules.
Dextran sulphate 6 days peas H & 2 x 100,
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compoged of macvophaces. Lymphold aells have agwoseted
into nodules (Fig.22). Emigration of all typos of
leukneytes was completoly atopped at 14 days p.i. Lousely
arranzod macropnazes and fibroblasts were seen. &Hven
though a large mambcx of the macropnages were intast a
fow of them appearsd as if rupturing. Fibrosis uos not
- vory prominent. Humorous lymphoid collections wirg geon.
A compact zone of granulation tissue was found &t the

pariphery of these foci.
2.3+ Ereund!s complete adjuvant

Freurd's complete edjuvant (Difco) was imjectod
{015 ml) subcutaneously in the foot web, Blopsics wore

token at tine intervals ag indicaved in toble L.

Emlgration of leukocytes was well establisacd at one
hour after injection and both types of leukocytos,
neteroshils and monomuclusrs appeared concurrently emigrat-
ing at all gtages, The reaction was maximal at 12 - 24 hr
and minimal by the 14 day of injection. Ther:a Was
hoterophillie predominance in the intorvagoular a:cas until
the 24 hr, During this time the heterophils appcared to
be emigreting in higher numbers than tue mononucludi's,
the majority of which were of the monocytold type (Fig.23).
From the 12th Ir onwards the monc;xmclear cells in the

intervascular areas started exnibitiang some morpholozical
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changes. The cells greduslly incredsed in aizce wiih
pale siaining Qosinophalac cytoplasu. Tne muclius wag
pale starning. Some ¢f taem with a vacuolaged ajpatrance.
A fow of tnem weed ip mitosis, From 24 hr there was a
preposderaage of mononuelear cells in both the per.vase-
cular and intervascular areas., After two days a large
numb2y of the monocytoid colls becaie elongated with a
relosively small round pale-gtaining nucleus and ac:rdo-
philic cytoplasm. They showed a tendency for close
spposition and reseabled épitnelioid cells. A aumbor of
these calls as well as fibroblasts exhibited mitotic
prolifevabion. At two days leukocybic emigration was
85111 seen and lymphold focl were present (Fig. 2¥). At
four days the differentiation and orientation of the
mononuclear gells hecame more definite, Peripherally ie.,
beneath the bage of the dermis thin fibres of collogen
have been laid down 2long the ross of monomuclear macro=-
phages, 3ranching trabsculae of granulation tissue were
scen to arise from thig area and join each other. The
cellular gonstituents were mainly of aononuclear coells
(F1g.25) with large irregular ¢ytoplasa and rounl o
spindle shaned epithelioid colla with indistinct coyboplasmic
outlines. A mwmber of fibroblasits wocs socen amongsy tne
nmononuclear cella, Lymphold f£ooi were mmerous and

promineznt and tnere was further an increass in tho mumber



Pige23 Large nunber of hetorophils along with nmenooyboid
cells and lyaphogytea. Froumd's complobe adjuvant
2[4‘ iy p.i. Hw bk x 420,

Fig.24 Pormation of lymphoid nodule. Frewnd's adjuvant
two doys peds H & 5 x 500,






Figs25 HMononuzlear ¢olls and epathelioid calls asound

she inocul.as Freund's complete adjuvant 4 days
Peie H OB x 400,

Fige26 Cuff like aggregstion of lyaphooytes around
blood veaseis, Freund's complets ad juvant
4 da}'ﬂ Pels H & E X 100.
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of blest cellz amengst tne samall lymphocyies. Small
lynshocsios appeared to migrate from and farm ancll cuff
like qarregations around ncwly formed blood vessels
(Fig.26). These cells were also szen spreading into the

intervascular areas (Fige27).

At eignt quays, omigretion of leukocytos a2p..a-2d to
have declined but the monoauclears apjearsd to be eulgrat-
inz in significantly higher numbers than heteraphils.
Epitheliold cells and 2 few giant gells were secn around
the inoculum and outside magrophages, fibroblasts aand
more epltheliold cells were seen., The ®rabeculac of
granulation tissue were highly vascularised. A mmoer of
diffuse lymphnid Poci appecred to be forming avound newly-
formzd vessels in the inner zong of the advanclng Jresmu-
lation tissue., A few waell c¢ircumscribed lymphoid foci
vere also geen. A large number of nature and lmmature
plasmg cells was moticed amidst the lymphoid celis, A few
of them contained Russel - bodies in their cytuplasm.

At 14 days the zone of the gramlation tissun wag
more extensive but aot as cellular wnd vasculerised as it
was garlliers Ihe regular and compach arrsagoement of the
bundles of coliagen was absant and there was some L~wlication

of their rescrption., The magrophazes coabimaed Lo enlarge



Fig.27 Szall lyaphocytes iafiltrating into the intore
vagscular arca. Freumni's complete adjuvant & days
Pade H&E X 150,

Fig.28 Haorophages amd lyamphooytes as a denso collaochion.
Homologus arythrocytes 6 days peds H « 5 2 400,
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in size some of then peaching upto 20 - a5 }.1. Large giant
cells ware agen loaded with phagocytomed matericl. Lymphoid
gells both in the form of nodules and &s fres collis wers
soen, but the secondary lymphoid nodulea in the mors
peripheral areas were now sanaller in size. Hitotle pro-
1iferation of cells within the most peripheral nodules was
no longer appreciable, Similerly, the number of nature and
immature plasma cells in the peripheral areas of the
granuietion tissue had declingd significantly although thewr

number in the decper arcas was still veory high,

At 21 days, the peripheral fibrous zong vas more
extanaive than ~reviously, and in ita peripheral arcas tne
¢ollagen was in the progess of resorption and romodolling.
The inner zona was still hizhly vascularissd ond leukocytes
wera atill seen smgrating from the nesly foraed vessels,
aven though the number of such emigrating c¢ells vas Lew,
These cells aft.r emigration were more or leass intact,
enly few of taem showing degramrlation as was seen during
the early phase wnen most of tae heterophils which emigrated
nad degranulatad. ¥Few secondary gramilones consigting of
fibroneorotic saterial and surrounded by giant colls,
apithelioid cells, macraophages and lymphocytes wore alse
sean. The lymsphoid foci were stall seen, but thers appearad
to be a reduction in the number of blast cellss The mmber
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of mabure and imaature plagae cells aporeaved to hive
declined even further, but they were still apundanc in

the deoeper zonces of thu granulatlon tissae.

2444 Homologous orybirocytes

Ag scen from the table I 0.2 al of susgenmon of
vagned homologous erythrocytes wers injecked 5idcivineously
in the weo of the foot and the leasions were exoriloed at

differ.nt time intervals.

At 30 minutes there was mild congestion and lougo-
cytes wers sceen pavementing tue small vessels. Lo six hr
emigration of leusocytos wasg wsell establisied. Tno
emigration wag concarrent and the heterophils werc still
predoninating over the monogytola type of cells in both the
porwascular and latervascalar arens. A fow degromlated
cells probasly basgphils were noticede At 12 hr e
emigralion of louKocyies apsared maximal. A fev anall
lymphoeytes ¢ould ne scen foraing culfs around vaaulosn,
mostly within vascular groups. At 2% hr the emuisration of
leukocyteas appeared to have deglined. fhe mononugicor
coells were seen in large nusbers in the serivascalar areas
while tno heterophils coatinued io predominate in the
intervascular areas (£ig.20). The monocytord c.ils saowcd

morphological altieravions in the form of wincreage in size,
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change of shape and presence of phagocyhosed material in
the cytuplagn. The nucleus was large, pale staining and
irregular, sometimes with a renlform contour. Tao
arythrocytes in the latervascular areas were in various
stages of digintengration, some of them praseated &
picture of a ¢oll with complete karyolysis whilc zome
other cella retained a distorted nuclear membranc. Many
of the phagocytes were seen to have ingested disinbograted
or intact erythvouytes. Lympholid foci were present
usually within vascular groups.

Forty-eight hours after injection leukocytos were
still saen emigrating concurrently but enly in small
numbers, The macrophages were roand in shage, usto 23 P
in diameter with a foamy cytoplasm ard an eccentrically
placed psle staining micleus. Giant cells were j:asent
around pools of fibrinoid like material., Lymphoid foci
were numsrous, During tue period of 4 - 6 days most of
the erythrocytea had disintegrated or were removed. Rods
of compact macrophages and fisroblasits ware scen (Figs 29),.
Tha macrophages appearaed large and most of them covtolned
naemosiderine A number of macrophages and fibroblasgts
exhibited mitotic prolifuration. Lyupheid foci apocared
diffuse anl the lymphocytes were seen spreading sy into
‘the intervascular areas. At eight days, lewkocytic



Pig.23 Hacropheg s end fitroblasta arvongod in a
cougact amner, Hosologus erythvocytea & days
ede o e X 60)u

Fige3d Hononuclear cells in the latervascular aread.
Palc 24 hr peds H X 5 x 10)0.
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emgration wasg mininal. Macropnagoes were neen swrunged
in welledefined rows, Most of these cells wore loaaad
with haemosiderine Cells witn tne morghclegy of epithe-
lioid cells wore auvsent. Well ciccuaseribed lyauhoid

foci were praesent but hiast cellis were scantys

AZter 14 days oaly an oscasioml vessel showed
av.dence of laukooytic emigration. Hebtarophils ware
abzent ia the perivascular and intervascular sreas. Numerous
hesmosideria ledan macrophages were still presont along

with unorgaenized csllzction of lymphogytes.

2.5. Tale

Tale (0«2 ml of & O0.5% sospension) was injechod
subcutaneously in the web of foot, The tiazsues were
axanined at diffarent time iatervals as indlected in Table I.

The cellular reaction wag vory ainimal upto tw nours
and significant eaigration was noticed only aftaer Jour hours.
The emigration was conourrent, but the numbear of cnigrating
calls was not massive. A fow cells with the morgiclogy
of basophils, but with no mebtachromatic gramiles were noticed.
These calls were probably deogranulated basophilss After
12 hr the population of heterophils was voery scanty and
most of the cells which had movad away €0 the intorvascular
areas had degranulatad. After 24 hours there was predominenco
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of mononuclear cells in the inter-vascular areas (Fige30)
and the monoeytoid cella exaibited morphological alierat-
1ons in egsuaing the size and shape of typicel magrophages.
In the locations where talcum particles were presont there
was a preponderance of large macrophages, along wivn a
few giant cells (Fig.31). Saall lymphoid accumuldtions
were scan eway from the perivascular loccation. At four
days the nuaaber of hetercophils bota in the perivasculor
and intervascular arcas waa oaly very few even thoagh
some venules were seen paveuenied with heteropiils, lauy
nacrophtges were sean cluscered arcund the tale perticles
and giant cells were seen arranged in & palisade fashuon
where there was accumulation of talc crysials. Ssac
giant cells were seen to contain telc strands of fliorinia
addition to crystals of talc.

At eight days, the leasion was that of a gramiloma
with wacrophages and giant cells many of then coatoiniag
talc crystals., HNumercus fibroblasis had encagaulated the
gronulone. After 14 days the cellular raaction of the
leaion was sgarse exoept for the compact encapsulated
grapmiiona with few talc crystals, giant cells and fow
magrophages. Excopt for en occasional lymphocyte taers
was no other charactersstic gelluler resction away froa the

gramiloma. But arourd the zone of fibrous Fissud naarous



Fig.31

arge nuabars of aacrophages and a fow glasd
cellse Tale 2% b peie d & o £ 60,

lalgeation of hatercphals and modoecyt»ad ¢ lidg.
Predoninanss of heterophils in bhe porav..calar
locationg ~ Clumps of bluo gstainiag cocol ool
also seen. JStaphylococous aurcus 3 hr Dee

d %5 x 200.
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Pige33 uxudote consisting nainly of haverophils.
Staphylogcoocus aareus 3 Or Bed. 1 o X T.Je

Fig.34  Coug aront saigration of heterophlls and
gononaclesr cells. Staphylococcus aurcdd
6 ar 2eie H .o ox 1300.






well foraed blood vessels wore noticed.

2.6 Stapaylococcus aurcus

An avaian strain of Svapaylococcus aurcus in oroth

(0.2 m1) was inoculated subcutanzously in the wob of we
foot and biopsies werg tacen as per the schedale [ .von in
Table L. At 50 man and one hour coajestion aid oclena were
prominent and moat of {(he small vessels were .avon.atad
with leukocytes mostly h.teroohils. Concarrent casgration
of heteropiils and wonocyvoia calls was scen; oub wue
number of neterophils noticed serivascularly Jas nach mora
Lhan the momocyiold ccllss A few basoshils werce aiso seen
enigrat.ng 10d most of them in the Lerivascular aveag aad
a degranulated appearaice. At taree hours aftor in,cctaon,
the em ration of leukocytes was sell establisied (Dig.

32 & 33). A% tne perivagcalar arcas the monocyilolid cells
predominnted shile in tpe inter-vascular areas 1.a0 nu0oor
of hetoropnrls was asoout 3 - 4 times that of monscytoid cells.
In the perivascular arcag nany of the hateropnils wod
degranalated and soae of tienm had vecome nacrotic. largze
groups of vacteria were gsea an the tissues. Phogocstosis
of bact.ria by hetoropnils and nmonocytoid nenoniclcars was
also orominent. At six hours after lnﬁection, anc ration
of hetoroshlls and monccytoid cells was atill congurrant
but was move ia.ense than vas seen earliey (Fig.34). Now

the number of heterophils in the perivagcular arcea Jas



Big. 35 Predoainant infiltrating cell is hetueropnul.
The capillaries are engorzed with hoterop.uls
ad momdnauaclenr cells. stavnylococcus 2upc 9
6 hr Sedie X 400,

Fig. 36 Large nusber of loucocytas, aady of taea
necrotic around tae dnoculam. Stapasiogoccus
aurgus 5 hr ped. Jd % o X 4J0.
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nora than tne monocytowd cells (Flg.35). A larje xubor

of leasocytes, aany of taem neccovie heterophils, wrere saon
accumulualod srousd tae incculun (Fig.o8). Around Jho
inocul @ atronls ol fiorin had uoen seen deposiucds  fiday
of the hotorophils and mecropnazes wore seen lo.del nth
bacteria. At 12 hr the qualitative nature of o roeuction
vas same except tnat there was massive infiltrovlon of o
eml reted cellas In the inuervascular areas tnoro giill
wag a preponderence of heterophils. Rat the monogystoud
¢2lls had Dbecoae larger weth an inereaged quaa.isy of
basopuiilic foamy cytoplasm and larze pale gtaining nucleus.
There were foci of necresis and surroundlng these zones
there was ifaliration of hoturopalls, nacrophages wid fow
lymphocytes (Fig. 37) slong vith proliferaticn ol rcbicu-
leoendothelianle cells., A fow lymphocytes were scca cmigrace
ing froa veanules and forming caffs oround lhems These
lyaphoey Les dencastrated a tendeucy to accuaniowe axound
the vesscls £ian moving asay 13 4id4 the heteropndllso and
gacrophaziss At twoenty-Lour hours after ing ction thero
wag decline in tac enmigration of leu<oaytes aven chouzh
tiwere was 8t.11 evidewwe of concurrunt adturc of «algraniad
of aeteroghils and mononaclear cella (Fiz. 33 < 30,

Many of the veaales whore emlgration wasg going on hndd
swollen promwncnt eadobtnelial cells. In additioa, proli-

foration of roticulocondothelial laisa cells vas gc.a around



Fige 37 Foci of aecrosis surroumded by lyasiocytio,
aacres 12zes and lymphocyees.  Stapaylosoec i
aurcus 12 hr pels 0w x Ide

Fig.33 Comeurreat hetorophilac and moaonucledr
cell anmigrations Staphvlococcus aiceus
2% pede d o« w X BUJ.
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the veasels. The monocysord cells exhivited furt o
morpholojycal chani»s, meny of thew assuaed a larpe profile
with pleat; of cyuoplasz wmd reaching & size of cooub

23 = 25u.  Amony the lorge nacrophdges were also Lound

/

saaller 2ells sitn the morpholo iy of hlood monvs mLid.

Sone of %1@ macrovhoses sxaibitad mitotic proled rrison.
Tha snze of the lymphoid focl was larger than it 12 .

A numyr of larze pale staininy cells witn tae moriwolosy
of hlast cells could 6 scen in tie lywnhoid foci. At
taree davs thers wag marked declioe of emigratiocn of
cells, woeth the excastion of lymphocyues. Thor? rere
protinent lynphoid accamulation. Apart from the ¢ixractar~
istic lvmohoad cells, taieae foci coatainad larje asp.gilar
cells with 0le stawining nacleus. Sventhouzh tizse
collections of lymphocytes aprearcd as well defin g focui,
taere ¢33 10 sncapsulation. At six days there was ao
srgnaficant erigration of leuctocstes cgcet £or an
¢sasronal lymvhacy.e which could be seen adazres, ¢o tue
blood vosscels, There was proliforation of fiorchlaz.us in
thne intervascular arca axd they were seen arra«asow In
rovs dlonz ¥ith the pacrophazes. e macropha, s udre
lorge, some of them relemng & s.ze of 25 A and hovaas

an eosinophiliz qrtoplasn. Collsgen fibres asd soen lald
dowa alony ihe rows of macrooshazass. Around tae nacrotic

Librinous nass at the sicz of inoculum there wor> a fow
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grant cells. Luo iyoghold lecl sere sromencab and caoy
contaraad ia aldiiaion to “he cells watn thoe Typlcal
morphology of lymphosyils, mumarous blast cells <nd nmlourc
anrd sorature plasoa culls, Tae vonul s inside the lywmjhold
focr coasorned iarge namasy of lympnocytns. After ewgat
aays tne lyapno.d foou agseared diffnge uxd coaddi.od
larse aumoer of blaswt cells anl plasme gells. The plasa’
cells were found vitnin tno secsudicy nodulos og 1l ag
around vesscls. Tac zce of necrotlie tssue wasg 3°240
surroundss gy gra.sination tissue, ¢sasisting of iufaltrat-
ing cells, 2wy Zormed blood vessels, fioareblasic and
collugen. AT 14 aays mesl of tee arcrebic tisgre d Leea
ramoved, ZJue lasion apoeared as foel of grawlavior ith
only Few collg.e Joupara dvely lyadshoid colls welo aore
suan in othior 6y puds  J74302 02llo rare also evidox.

when Sie legaeos Jas =2xviuacd at 27 dagg, al eppoarid as a

compact grandlation tissu2 #ath only fow cells,

2.7. Inicction sitn dAanikhet visease virus

Thas staly was condacted to assess aysteanio in. lomasalory
regsponse aand ¢21lular dyremics aftar intragascalor inscu-

iation of Raalthaed DL8248e Virus.

Clinncally the inoculadsed ducia gpiearsd no 31
Grossly there was slight bto moderate sonzgestion 27 iqtaornal
organs from the fifin 1o che nindh day, out ither.xfber the

organs appeared nor.al.
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Hisvols,icelly in we laiver ither = was aar od eonlatlon
of Q3 conbr L aclan mmd s nuseids fron toe C:fiy Lo the
nanbh Cage Tae s.ave of Migse way proolnent eal ¢ .re vas
socumilat.on of moderate quunioy of cole riors X3oads
Tieré Wes 542kt il perces.azle ofcma in the . wvageslar
artas 8so00ia1lly an che portil racs. & s.rieda, ~d
neest ogutls and & Jed pononielaur golls wore s.ca Rouaw

arLral «nd saplobalar vewns «nd an 1as postel Loowd (Flg.A0),
An occasioadl g2ll in tne portal area poidse ssad .o
norpioeloly of a degramalatoe aonalls Adber tha J.ldh

duy, LnErS e an wafvo.se in i mmoar of tonc ju0id
mononuclear celes axa lympaccsees in Ve porctl oo . Talo

pecane (2adaally rodatess  Imtldlly che bgpaoio S g

tad

saowed 8lighs yranular degen.ratusn i 8ope of L. . -1lds3
ghos=d Latoy shau,e, AL a2bout the elgnath doy & meo sicnal
cull suowed oasgulative necrosis. Aror@d chiaoe o lerGLlc
galic Liere was no andlliretica of celiz. ou vae nlith
Loluwe

day btue laver rreswiled A normal filstologiczl

B
cacept Lfor & Jow Lymphooy.zs an the portal areo,.

From the fifth to ninth day, she kidneys wore colgasted.
The tubular opithelial colls, more apecifically .n the
proxsmal and distal gomvoluled tiodles shorsed d-g. wratlve
changes oo tae sixth day, Tne glomerull snoved iaeraased
ccllularity as evideced oy tue increase .n tae number of

mesanglal cells. In mcattered arzas twer> wag gllihs



Fig.39 Few hetcrophils around the blood vessals.
Clumps of coccr arc seen. Staphyloooccus
aurcus 24 e pede H x o X TOJs

Figs40 Liv.r - Spring<ling of heterophils ad
ilymphocytes. RD virus. H < £ x 430,
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paruyvasculer infiltrocion of naierepailss IThore wes 0
amdlealsion ol amy patnolo,ic chanje afver tae eugata day
exc. ot for aan oocasionsl lyaphocyte in the inb.rduvatlal
location.

The apleen appeared congested froa the Liflu oo
cue seventin day. In the red pulp tnere 4as 4 rola.ive
increuse of heilerophlils a.xd monoucytoid wonuguel.ar «  Ine
aonpadcludars grad w@lly adsumea tae morpholojical dgjedrascs
of mAasrc.1igis and tnese cwlls wers seen in larg.r aunbor
in the suabcapsdlar asd tragsecuisr sinus. After cie
eighth day the splaple gorpuscles apoearsd very orosinent
#Lth incracsed namoar of small lymphocytoes with hypor-
chromatia micleus., At thuis stage tae antc.llar riaries,
central arteriocs, axl snall velns contained largy uinser
of lymphocytold ¢allaz. On tae ninth day tne incs wged
cellularsty of the red palp that was ouvsgerved ewrl.er wsas
absent evan thou h the splepic corpuscles appcared very
promingnt. Amidst the lymphocy.es wore scen 1la. 2 dle
atainiag ¢e2lla #Lta irregular nucleus aml cjunyl.sis &

fow matire and lnmdtare plusm@ cells wire prag: .

The lunga shoved sligaht diffuse congestion £o.u thae
seco.d day. The vascilar rouction gradaslly becuie .usg
aind 0a the aigath day it bacaav fmpercegtible. v wva@

sixth day a few hecrrophils and jononacl.ar waru Sue.

S
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enigroting. But this reactien dpuaered trensi2ics
tortiary bronchlal mucosa shoJsed slight oedena oyl
geattorad acterophilic infaltration from tne f£i£4h to the
agventh day, Aftor the eignth day thers was mol-roue
iafiltration of lysphocytes which did not ghors a0
tendenc; to form nodales. On the ninth day a fo7 Lmonow-

gylaes were seen in the interstitial tissue.

Various parta of the dlimentary tract dud nst show
siunificant hastological alteration except truns.cat

congestions Tne broin duid not reveal any si naf.oaat chan,o.

2450 Fufzcuian eaba Dack pligue varus

Dxparuaentel infectlon was induced wiuh bov Joca
2lague Vira, 10 asweas tuo dynamics of pataol .cul cuun,.n
vath speelal roforence to vuagcular cnan, s wad clllaler
regponsee JuCks 1) varicas steges of tae disvade vyaue
sacrificad on tae £iftn, sixth, gseventn, eighll Cad mauwn
day pedle

2e8els Ganeral sppoarance and gross lesions

Clinically tho> infected birds did not shos Gy
symptoss till four days post infcctioan., From 1w f1fta day
onsards the ducks apicared dull and tuaey nad dlorrhoou anc
larchrymasion. [ne macosa appeurad congested, .JECTrosii Wee

seon from lhe s.xth day anl gradually oecame vory inteise. Jy
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the eighth day the ducks were almost prostrate.

On the f£ifth day thero vas Al so goigession ol
liver, spleen, kidneys and lunzs. The mucosza of vac
alimentary tract snowed patchy foci of congestior, On
tho £ifth day, ths liver ansved diffuse congesilion «id
enloargaaente A few poticheae were also noticed. On
the sixth day the liver nad a pale bronze colouar and
shosed scatbered pin head s.zed greyish wndbe spois. The
L2311l bladder was slizntly distended and coatuiaed dark
green blie, TIhe e¢naa,es saen dur.ng the later pare
wore alaso similar except that the enlorgeaent of a2 liver

Jas nore Jronounced.

The heort vas L2 2 oligally enlur ed froa ae
£afth duye Tnlg enlergenens was moce pronourcod .o ihe
voeutriclea whica appeared dilaced, Taiaro woro o 2oy
geticheas in (ae epscardial and endocardi nal sariigea,
A foa L1l defenzd pia head alzed foci were 4lso asciced ia
b1 ventricslar walle Afver the /th day thess changos
were vory pronounced as evideiged ny large hlomcaca of

wudocardial hasnorrhage and pateies of ayocardinl mcrosls.

The spleen was slightly enlarged amd cunfiesced on the

suxtn day. Tne enlargeeat sacroazed till the asn.i d4ay.

Tae kiuaney was geverely coagested on tno £17.h day.

On the slxzin duy tae gidney was sevorely enlargcld and Zow
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peticheae ware also seen. Pale areas indicacivs of n2crosis
wore geen cll ovor the kidney. The chamges werce gualitati-

vely sane till the ainth day.

On the fifth day, the mucose of allmentery itract
showed scattered areas of congestion. 3By day six thore
vere a few smll erosions and linear greyish white slightly
ra.gsed streaks of ngorosis in the buccal and ousopalgeal
mucosa, The proventrliculus saowed mild catarra oun itne fifth
day and on the sixth day linear erosions were sceai. Areas

of erosions and neerosis pe.sisted tall the niath day.

No gross lesions were scen till the f£ifth day in the
gizzayd, Cn the sixth day, the geratin layer appeared
thickened, wrinkled and becase Liraly adherent tc tne wder-
lying musculature, The gizz ard mugculature shovsed irregular

greyish white patches of necrosis whicn later coalosced,

The lntestines were moderately hyperaemi¢ on the
Lifth day. On the sixth day focal erythematous patches
were socn scattered in the intestine, particulorly in the
region of the Jjejunum and ileum. By day eight the crosions
ware also seen and the mucosa had a thickened appcarance

with qopilous amount of mucin,

On the £ifth day the peritoneun and the ovarian
follicles were moderately LyperaemiQe By the eighth day



105

the fcllicles becams imspissated amd had an aprrogulyw
gontours The peritoneun becume opajue, lateasely
nyperacmic anl waa adherent with fibrinous exudaie. The
masenteric vessels wore geverely conzested. In soue of
the birds wne follicles had ruptured releasirg tho

contents into the poritoneal cavity.

2.8.2. Histopathology

2+8.2.1. Geperal reaction

On the £ifth day the hepatic sinasoida and eontral
veins were soverely congested, Tnere was slight oodoma
an the peraivascular areas and the space of Dissc. The
endotaeliun of tae simsoidg appoared prominent .ad ithe
Kupffer cells were diavincily evident. Focal arcas of
haemorrnoass were also seen. Many of tne hepatosyios were
swollon and had @ gramilor apjearancs. On tne slgth day
t1ege gnanges were very prongunced and in addition alnute
foel of coagulative necrosis of hejatogyices were gocn. QOn
the eighth day the necrosis became more promnouncced and
large areas of hepatic parenchyaa could ne seen wxiergoing
coagulatave nearosis (Fiz.41). The hepotocytes nad
vasleular micleus and few of vhe cells showed the prosence
eof antramuclear inclusions. Inclusions were net s.on in

colls whicn were necrotics Tace biliary camalicall uere



Fige 41 Liver - severs ascrosis of parenchymobous
cells. BDuck plague virus. B8th day p.d.
e D% 400

Fig.42 Liver - Hetorophils in vae periportal and
perialnasoidal areas, Duck plague virus,
Sth daf Poae %3 x 800,
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prominant asl aome of thew wera ssen plugged wiih bile casts.
The involvement of hepatio paronchyma with necrosis vas more

in those duckts which were in extranis on the eighth day.

In tne heart initlally few areas of haemorrhige were
seen in the pericardium. By the sixth day the myoeordial
£ibres had umlergone degeasration and necrosis. This involve-
ment inaeased gradually amd on the seighth day it was found
that large groups of muscle fibros had become mecrotic.

No specific site-prodilection was noticed for this.

In the kidney tnere was moderate to severc cengestion
of the vessels and glomeruli on the fifth day. On the sixth
day, in addation, focal aress of haemorrhage wore tlso
noticed. Tubular cells, more specifically, of the convoluted
tubules showed varying grades of degeceration and nograsis.
Many of the epithelial cells had hecoune swollen anl were
seen occluding the lumen. Neorosis was seen involving more

areas during the subsedquent days.

There was pronounced engorgement of the capillaries
of lungs on the fifth day, Peteghiae were szen subsagaently.
By the eighth day focal araeas of pnsumoniy were nosiced.
The reagtion was very severe when examined on the ninth day.
The splecn was intensaly congested on the asixth day., On

the eighth day thare were foc¢i of necrosis,
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The lesion in the gastro intestinal tract uias ope of
mugosal necrosis associstad moderate cellular reacitlon.
Pepatomitis and oophorits werce consigtent lesiong and they
becams intense from the sixih day onwards. Suramis of

fioran were seen adhering to the peritoneal surfoce.

In the brain there was congestion of the men:i.mfé by
the aixth day. From the eighth day onwerds itne ncurons,
espegrally the Purkinje cells snowad chromatolysis and
degeneration, Occasliorsl foei of neurenophagia were also

noticed. Moderate diffuse gliosis was scen,

2:8+2424 Cellular involvemsnt

200l ot Sl o U

The cellular involvement in the various tissues during
the early phase of the reaction was very minimal, Thore was
hyperaenia in most of the organs and few number of hetero=
phils could he sagn pavementing the arterioles and venules.
Emigration of cells was sparse and tne parenchyma of the
ergans ¢oatiined only a few of these emigrated gells. The
pariportal areas and perisinusoidal locations hod somperati-
vely larger nuamber of cells. The intensity of emigration
was more after the £fifth day when there was markod destruction
of parenchyma (Fig.42). Baigration of heterophlils and
nonocy told mononuclears were congurrent during the aarly
phess, By the sixth day emigration of lymphoid cells had
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hecone voery wrominent. In the portal arwas therg vore
nodaior aecunvlation of lymphold cells which could be seen
gradually sproading into the hepatic pavenchymu (Figz.43).
on the eighth day, there was intense infiliration of these
calls into the lobulss. Amongat the lymphoid coells, could
be seen meture plasme cellz as well as cells in asiuges of
maturevion into the plasama cell. Only few nacraund;es

were found free among the infiltratinz cells aven though
the fuprfer cells appeared very prominant. Cellullir iavokvoe
ment in the myocardium was very scanty even thouzh the
intermuscular araas revealed congegted capilluries and
perivascular accumulation of few leuxocytes, mostly lymphoid
cella and macrophages. During the later stages .acn the
muscle fioreg showed varying grades of degeansratinn il
ngorosis, large sacrophages and few fibroblasis .ore soes.
The cellular involvement in the «idnoy ~a3 &lse mlaimale

But in latar stages lymphoid cells had accuaalated ia the
intorstitial tizsue. Hagrophages were conspisucus by their

ansancts

In the 3pleen, the blood veassels of the capsule and
trabeculae apsearad congested. The venouas sinusts sppsared
engorzed asd numerous hotorophils ao..\'ld e seen adiixed
with erythrocytes. Heborophils and monogytoid cells were
enigrating from the capsuler and trabecular veascis and even

from the central arterioles. Accumulabion of cells arownd



Fig.s43 Liver - Portal ereas showing lyaphoid
noduless Duck plague, 6th day peis

PaS

i e £ ox 402

Fig.hh  Ovary - Intiltration of lymphoid cells
and plasca galls. Duck plague virus 6th
dey pads H & O x 400,
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+he venous simises s.ixilcated emagration fron arsorial
capillaries as woll ag Loom venous sinuses. #aiter the
£a{%h day, the splenic uodules increased due vo actumulacion
of ¢2113 with blagtold featurcs. Numerous such foga of
negrosis were noticeds The cenbral arteries in some
locations were clogzed with lymphoid ceils. Aftor the
sixth day the lymphold nodules becamne vory prominiut
exsonding into the red pulp. The outer dark staining
lymphoid cells naed increased in number. Numerous culla of
plasma ozll linsage were preszab in the lymphord noaules.
The inceasity and exvernd of nscrosis had increused by this
simce (he subcapsular and trabecular sinuscs contained
Zow muabers of macrophages, Adumixed with wne exrythrocytes
and assooiated witn tne Billvoth curds, a few macrophages
and other cells with the feavures ol splineliolid cells
wore resonts  Srythrophagocytosis was noticed in aome
aasrophages. By the eigath day some of the lymphoid cells
showed daogeneration and ascrosis. The germinal cuntre ia

many locations contained cellular deoris.

The peritonsun and ovary revealed massive lofiltrat-
ion of hetcrophilse IThe smaller vossels were plusjed with
heterophils and a fow monocytold culls. The emisyation was
concwrrent ana the manber of emigraced heterosghils vas
3 to &4 times the number of monocytoid cells. On the sixth



Fig.45 FElectron micrograph - Electron dense core (C)
in the large dénse grenules. HMelure
heterophils: Two typoy of §r mles, larze dense
(LD) and light granuies {(13). Irregular
contour with numorous villeus and pseudo.odial
projections X 19200.
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day the heterophilic component of the cellular gxuda.e was
replaced by magsave infiltration of lymphold cells (Fig.id}.
Innature and wmature plasaza cells were preseat. llaay of

the infiltrating cells had secome necrotic.

The cellular involvement in otaer organs was seanty
at different taime intervals except for scattered lympaoid
reaction. In the brain tnerc was modorate gliosic aad in
locations wherc tiere was neuronal necrosis, accwrulotion
of microglial cells was noticed. Perlvascular Lyupholid

accunulation vas not a characteristic feature at oy stagoa.

%« Ultrastpuctural studies

in order to ascertain the wltrastrugcaral chonges
of tne inflanaatory cells, the normal features of
heteropnils, basophils, microphages, am lymphocs.od
were gtudled by electron microscopic exaninmation of bone
marrcw from normal healthy duc4s and of the inflomnatory
lesions induced by Dextran sulphate and Staphylosoceus
aurcus. It was not possible to study the sosinophlls
bacause of the non-~availamility of these cells in Jhio sections

exanined.

3.1. Hetsrophils

- 0

The acture heteropml had an irreguler contour Jwith

nunerous villous ard pgsoudopodial orojections (Fig.43). The



Fig.46

~lzetron amicrograpn - uxudate hetoerophil
showing numerous lurge denge granales (LD}
and iigh: granules (L3) - Glycogen particles
Jrecacant in the ¢ytoplasm - Nuclous %N) -
Pasgosone (P} ® 19200,
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nueloas was promineant with irregular lobed appearomce amd
Jilth prominent nuclcar mombranes, Nuclear pores vore few.
The ohromatin oppeared mostly as clumped heterochronatin
mostly arraaged along the muclear membrane, Small clumas
of heterochronatin were also found along with light staining
euchromatin, Nucleolus was not evident in most of the
cells and waen resont was not promineat. The lancture
neterophil as fourd in the bone marros aad aocderatce ruabder
of mitochondria wita well developed ¢ristae. Duf the
mature heterophil had only a few sznall oval or sligutly
elongated nitochoniria, Similarly while the myclocytic
gtage oco-bained numorcus stronds of rough surfaced
endoplasmic reticulum contaianing floculent elsctron gdense
material, the mature heterophil hod only an ogcasional
stromd of rough surfaced endoplasmic reticulums Froe
ribosones were also not evident. Glycogen was prosent
hoth as alpha and beta particles, but only in small
quantities. In the myelocytic stage, the Golgli zonc was
vall developed with stacks of cistornae. There .3
evidence that some cisternee and vesicles of the Golgl
apoaratus contained electron denss cosbeubas Seae of
these vacuoles were seen buduing off from the concave
surface of the Golgi lamellas. dumerous large elecetron
dense gramiles mostly spherigal wers seen at this stage.

Gradually as the cells matured and passed into tho



Fiz.47 Blectronmlcrogsrarh - exudatae heteropnil
showin: mitochondrial dasaze (11} x 13200,
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metamyelooybe stage and into the adult siage, thape
granulos becacsy large, provably due to Lfusion of the prew-
existing sualler granules, During the immaturo stoges
pany of the granules presented wall defined oval or
circular electron=lucent areas, But in the maiurs lwtare~
phils theso areas hecane elactron dense. HMoat of the
nature gromles which were either oblong, and eucumber
shaped ard numerous eleciron dense care, The gromulos
varied in size and goue of them had a lenzth of 43 m.
Another type of grammle smallier in size, vith lesa
electron dense aqd a fibrillary mairix was also sooh.
These two types of granules were similsy %o the large
densae granules and the 1light granules of chisken huturephil.

The heterophils, s0on after emigration from the dlood
vessels had almost the saze ulitrastructural featuros as the
noraal heterophils. Subsequently when exposed Lo the
infleanatory agent showed varying grades of wmerphologlcal
sltcrations (Figs, 46 asd 47). There was an inorease of
glycogen iu the cell, Endocytic vacuoles were mymorous
and in the case of staphylcoocei, phagosones contalinding the
bagtoria wors noticed. Mitoshwidria showed varying degroes
of damage. MHoat of these heterophils exhibited prominent
pscudopodia. Many profiles of fusion betseen the groawmles
ard betwean the endocytic vacucle and the gramules
were secn, Larzs caafigurations imndicative of such fusion
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werae observed, The emigrated hetereophil hibd an increased
amount of zlycogen in the early stages but subscquently
this wag redased or was absent. After exposurc to the
irritant the hetorophils showed varying degrees of alterat-
ion of nueleus amd cell organslles. At one exivent thare
wera cells with almost a washed out appearance on the
cytoplasm with only & fow gramles remaiming (Fip.43) walle
othir cells showed a homogenous natrix with swollea
nicechondria aml with all the gronules remaining intact.

On oceasions free heterophilic gramules liberated from

neerotic cells were founi extracellularly.

3.2. Magropnages

The macrophages associated with the inflammasory
reaction showed congsiderable morphological variation.
They varied ia aize, shape aad in organeller contrats
{Fig.49), During the early stages the colls wor: small
and round but at later siages the cells increaged in size
with irvegular concents and with muaerous willous
projectionss Nuclous showsd & gradual increase in the
suchronatine The parinucicar cisternss becams proninent
and some of then contaimed flogsculent matcriale. Taore
wag a gradual inopease in the nmber of profiles of
rough surfaced endoplasuic retliculum apert from a dilatation
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of the cisternae (Fig. 50 & 51). These cilsteraae

contal sed alightly gramilar or floculent contents.

There were pccasional lpid partigle. Bub, therc waa

no consistensy in their shape and mumber in a ccll,

Iin the :Jerly stages the Golgl conplex was not proninent
but in lator stages it was well developed with mamorcus
stacks of lanella with a corrssponding lacrease of
vacuoles and vesicular elenents, The vesiclea which
appesred to have buided off from the ciaternie wore geen
fasing %0 form electron dense stracture with the morphology
of lysoacnes. Lysosores wore fow in the early stages but
became abundant af the macrophagas parsisted av the
inflamnatory sites The nature of contnta of the
lysosoncs showed great vapietion. After inoculatlon the
basterie ware sean in the intorstitial tissue. Subsequeatly
they ware ingested by mecrophages or heterophils.

Ervlocytic vacuslos econtaining bacteris (Fig. 52) or
dextran sulphate particles as the case may bhe, Wers cone
sistently fowrd in the wacrophages. In the case of dextran
gulphaie large sndocytic vacuolos almost £illing up the
cybtoplasa and pushing the nucleus in a creacatic form
were ocoasionally noticed (FLg.53). Fusion of the profiles
of phegosomes and lyscaones were oceasionally found. There



Fig.50 wlectrommicrograph - Macrophage - Mitochondria (1)
showing degenerative changes. Rough surfaced
endoplasmic retioulum dilated (ZR). Lysossies
seen x 33030.






Fig.51 Electronmigrograph -« Macrophage - well developed
endoplasmic reticulum and numerous lysosomes.
Portion of a lymphocyte also seen x 20000.






Fig.32 ‘fleetronsicrogra - lagrophage - ondscyri.uc (S)
suolas containing Staphylococcus x 13200,






Plg.55 lont.arsleregrash ~ laspozaage = & las,o
e xac,ytic vacuole ¢ontarning dextran 3uipi.s
Jdueleas eregeent saa ot Al LuBee o 0 W
sida % 33000.






115
ware a fou aultiveswculayr bBodies #ivt rods, »f int.rnal
vosicles and an occasional coav.d vesiole. wizcl.oaddla
ware numerous and sone had 1ot ot eristae wail 9o
ota.rs nod disordented axd brokea up onzss (il -casgria
w.til homosenoug ¢yt mts azd with only reaniais o7
actocap krial ocutor aeasrane were alss a>on. oy 30ils
1ad bizarroe looking mitochondrio with dasoricted crasiae

(Fis-%) Y

Progence of heboeropaa3olysosones Gl autoplajsdy-
S982808 J3S a 60 8131 L2t we 0of Tad MOnoNUClo.T Lkl G0, B
scen aft.r foar days (Fuge 53). Reawnts ol ¢oll .l
organzll s agd inclasions 1ie mitochoadraa, ealsyl.susc
roticulun riboscnce and glycogen Jarticles »#.re 5020 Ve Gl
the aitopinzolysogones.  Occasionally fusim o 10 ..80pi%0=
lygosonas and artophizolysoso s was alse vacauibo, uda
Dwrsey tw lator stages tavro ware many deue adlics or
lazellase. stractares witala the cytoplasa of aluy Jacro-
phagaes gdie of which had phazocytosszd Stger dega wrawive

¢ells 1ike Lotorophils,

3.2.1. Giant oells

There wor2 a fou nuleinacloaved giane ¢2lls 43 tha
lesaong exaindd affor tae Sth day of the dextr.n salpniee

injectd dwase fhe cell sarface was iwregular J.oa

'



Fig.54 glactromicrogresh - Hacropnage - (litochomdvia (M)
witia bizarre amd disorieated cristas x 15000,
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numerous finger shapad protrusions. The cytoplasale
gontu 1ts and organcllar configurataons ware almost sinilar
4o those s-2en in a watuprs pacyrophage excapt for tuo
nuoloar muabars. Ia the glant cells alsoe therc was evide 2
of continued protein synthesis as shown by she rouiocad
digtyogsores, woll dewoloped rough surfeced cndoplasnls
raticuliun, polysonal configuration of ribeasoa.s oad
pregeace of munerous 2lectron dense granular stracturas.
The predoninant nabure of the nucleus with eucaronitin
vag also so0n. Humerous dease bodies wore socid iroeogularly
digtr.bused ain vhe gybtoplasn. Secas of these geeny colls

had wrregular stracds of gytoplasuic filononts.

D242+ EBpitueliold cells

After the elghth day, in tae lesyon finduced oy
doxeran sulphato,rounded or olygonal colls with arroegalar
plasna memaranis wore scen anldst tae typical aluropnaldzes
(Fig.56), In tie nucicus the velative content of
auchroadtin was more, compared fo heuerocaronatin ia the
nucleus. uclcolus with prozinent nucleolonsia, was more
than one in these coslls. Nuclear pores were Qlao tbundant.
ditochondria were moderate 1n ndab.rs and o few profiles of
dilated rough sarfuced emioplasnic reticulum wore Dreseit,

Cytoplasmie filam.uls, vacuoles and pit like deprassions



F1g+55  dlactronnlcarozri h = 4acro_sidage = Jrisencc of
mmero s hatero and autopnsiosocnss .«n L@
eykoploza X 15303,



Figs56 Llectronalcrogrash - Epithelioid cell -
irrvegalar —lasna aeaprane ani the nucleus
showing wmire euchroaatin. Pasgolysoisoncsa
aosent x 25009,
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Fi1g.57 ~leoctrommicrogragh - 3asoyhils - shoaing
nazniraas oval to roaad Zranules., The moenbriic
vpund granale snod artisulale conreabs F
varyi i Jdeag.cy x 35000,
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in the plasma membrane vere also scon. Tacse epithelioid colis
did not show the prosonce of phogosomes or phasolysoaso s oven
thoagh some cells had an occasional dense body im @ oyboplas)
Very advanced nicloar and cytoplasmic degeneratlve changes werc

cnoounterel in sonz calls.

3+3. Zasopils

Zyen thoazh tnere was difficulswy to disecrn su® Hasodnils,
which nad degranulaved in lignt macroscopy, this did not
present consideradle difficuliy an tissues exucailn~d ulcrast-
ructurally. It ras cpserved ‘tmt tag oasophils toalsld wo
degraanlace imiediavely alter emigration from tac suall olood
vagsels. Parvidlly degranaloced agd; ceaplecely uwgranalated
cells were seon in the parivascular localioa. Boosphils wore
round cells with a sligntly ruffled plasuma membr-.ic and
co ainad numercus round o oval granules varyens .a s.ze fron
400 - 600 nm (F13.57)s The membrane bound gronalus .éd
particulate matrix of varying electron deasity. Jhile in soue,
the particulele grailny interaal swructures were loosely

arpangsd, in obners thiore were loosely siructurod graauleg

with Tine reticulay conient o:‘i 142_;. 3>tical densicy., In sgac
there were cresgant o B with a scooncd uo



Fig.38 EBlsctramuicrograph « Basohll -~ showing
gramles some of witich with tain reticalar
eonkent of less optical deusiwy {(G).

Credtcond snajed axcavation can alsa be §.0a (C)
x33008;, .0
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nixing up of the gontints uliimately forming aaccular
atruchures vhich open throuzh the plasaa meabranc wore also
evident in many ¢ells. Hany basophils had lost nouc of

the gramular contonts presenting only raanants of porigra-
malar membrane ond granular co dentsa, In & few colls whach
had degramlated attempted forauation of asew graaular
stroctures was noticsd in the rugion of the Golgls Comp=

lstely degranulated cells were also seen,

The nicleus was jrrogular siia eleciraen deasg
hetarochronatin along tae inner muclear membrancis (Coarae,
lumpy chromatin was also irregularly scattered ia the
karyoplasa. Both granulated and filamentous eucaronatin
were s9cn. In mature basophils ususlly one nacleclus with
& compact appearance am relatively livtle amount of
micleolonema was present. Cytoplasm was of moderate densaty
wath fow strands of rough surfaced endoplasmic reticulum,.
fitochondria wore fow in muver and of diffcreat slzes.
Golzi wos moderately developed. blectron dense geoiny
structures identical ta those in the basophilic gramiles were
obsarved near to the degranulating cells.

It was oharwrved fnat the ftissus mast cells which were
fow in number also shoved a tendancy to degranulato when
exposed to the irritants (Fige 59).



FigeH?  wlectromuicrozragh - agt cell showang part ,al(P)
degranulition of granwles x 33030,
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3+h4e Lymphogytes

The ultrastructural features of vhe lymphosybes showed
a great diversity. While during the first two duys, the
cells were more or lass uniform, later they variud ia thelr
aize, miclear coafiguration el organsllar coatents. The
apparently smaller cells were rousd with a hign miclege
cytoploamic ratio. (Fig.80), The nucleus was rouad or oval
or sone timss irregulsr with heterashromatin and aucaromatin
in equal proportions. The heterschronatin ogcuryrod as dense
granular structires and was present as sggregates ¢n the
ioner nuclear menbranz and as clumps elsewhdre in the moleus.
The euchroastin occurred as uniformly daistributed gramulay
conponent. Nucleolus if present was not promun2.af, Both the
nuclesy membranes were ¢learly secen; the outer manorone wom
devoid of attached riboscnes and tae perimucleny gigtornae

were devold of any contonta

The cytoplasn was nxderately elasctromdense ¥l there
was a paucity of organelles., Mitochondris were small and
few in number. They were oval or rounmi, had denge astrix amd
faw granules, Cristae were regularly arranged. Rough surs
fanad endoplasaic reticulua was abacnl and riboscles wares not
atundant, Colgl complox was 111 devaloped and the components
were not vary consplcuoas, A fow ansall electron dense granulos

wors alsc obhservad,
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The mornhologically larger cells had more abuwdant
cstoplasn. The nucleus appeared irregular ond had lesser
amount of neterochronatin than ila the seallor cells. In
additlon the Golgi appeared slightly more proninent, with
a fes profiles of lamellac, veslcles and vacuolus. Few
dasparsed ribosones were seen. Among these 1l mphocyses
could be seen & polation of cells which had the appearance
of lymphoblasts. The nucleus was large and sredoninubly
contained euchromatin and witn plenty of muclear pores.

The twWwo muclear membranes were well ssparated and the outer
membrane showed many irregalarsties. Nucleol:r were Jell
developed and the granular dense nmatrix hed contimiity with
the nuclear chronatin. Inter-cnromatim.c{ granules vere also
present. litochondria numbered from s:x te eight and hed

the typical aval to elonzate éhagg and promlnent crastag.
Rikosones were seen erther singly or as polysomal configuration
Peroxisomes were not seen, Lndoplasme reticulum vag very
seanty. Golgz: was 'rell developed with promuuent dictHysoses,

Small pingcytic vesicles were seen o the cell surdace,

3ol Plasna cells

. . -
Alonz vith these lymnbhgevies galls with ulbrastyuctural
featuves of 1sbure and 1“& eeclls vere cacounbered



Fig.61 Elegtroasicrograph - Daveloplnyg plasaa cells ( P)
with proainent rough enddplasmyc reticulum x
90090
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c¢haracteristic faatuwrs of such & cell was a well dovoloped
rough surfaged endoplasmic reticaluam width dilaccd cistornac
alnost f£illing up tne ¢ytoplasm. They Wore arraged os
labrynthine stracbures containing elsctron dense o Lflocculout
aatarial. Ribosocaes were numerous amd arraagsd in polysomal
coafigurations in tae endeoplagmie reticulua. OJogosionally
clectron denge groaalor structures were szesn yibtnll the

dilated endoplasnic reticulum, Golgi complex «aa 761l devalepw
with prominent lanellee, vacuoles and vesicles, Tho Golgi
casponents were gituaced peranuclearly snd electroun danse
vasicles wers seen budding off firom the lamellac which theasolu
contained electron dense naterial, GCentirisles ware soeon

occasionally.

The nacleus wes usually ecceatraically placed vith
ueserochronatin arranged ag block. on tne inner surface of

the mclear moabrane. Sbout 6 - 10 mitochondria wore noticed.

Along wuth these mature plasma cells many ionddure
transi.lon cells of the plagza coll line were encouibered.
immature cells had more free ribosones, rolativeiy leas azou.k
of endoplasmic reticulun anl large nucleus which vugs presond-

arastly euchromatinic.
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DISCUSSIOR

The bagic cellular response of ducks due to inflamzetory
reaction induced by the varicus agents wés more o icag
similar to that described in the fowl by Nair (1973). After
the administration of the ineiting agent, adherence of
lsukooytes to the wells of the vessels was moticcds Dven
though Illig (1961) reported that this sticking of leukooytes
to the endothelium was gonfined to the venules, it was
ohserved that in the duck both venules and artorioles were
involvad in this phenomenon, Jauoff and Zweifach (1964)
also madse such &n observation in manmals when eaplaying
cationic protelins.

Irrespeotive of the agents employed it was clear from
this 1nveséisau¢n that emigration of leukocytes wos always
consurrant evan though tha;:'\e was quantitative difforence in
hove emigroteds The
haned to emigrate at
» Although no tomporal
juigration of laukocytes

the number of different cell
heterophils aad monomaclesr
the aagye time from the saame
or topographic dissosistion
was socen, it wes obvious thy sphils wero emigrating
in sufficlently highor numh monenuelenr cells

during the early phase of and therzafier the
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latter culls appeared Lo emigrave in highor nunbors than the
former. At no stage was there evidence of enimration of
mononuelears in the ageace of emlzrating hetoroshils. Thuis
observation was in agreczent to that of Raz and Sucetor (1132
and Nair {1)73) vho studied the eamlgration of louisc;les
followling injections of 8 nuabar of irritants in robs and
fowl resectively. Even though there was no quelitative
difference in the emigrating cells, it was evideny that thoe
onact amd inteunsity of emigration of leukocybes varicd with
the irratant employeds For example, with turpenting
amagration of hoborophlls was nasswve duwring the cuarly phascs
while it was scanty and of delayed onset when tilc vas
employade. Simblarly when agonts like Freund's conplece
adjuvant and dextran sulohate were used there won prolonged
and coantimious emigration of mononuclear cells., Halr (1373)
had saggested tiat not only the nature of the irrloat but
algo oconcenbration can modify the onset and inveus. g of

enigravion.

The segusnce of events imvolved an increase ian the
peraeability of the cenillaries, adherence of tho heterophiln
%o the cupillary wall, migratien of the heterophils througn
the endothelial gap of the vessel, and darected movement

of the cell btoward the Lacteria of the species.
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During the sarly phose of tne Anflammatory reuction
thare wag a Lredoalnance of hateropiils in the perivascular
and intervaaculir araag. After avout two doya ovon chough
the hetoroshlls were emaprating in larger namders {thore
appear.d to be an increase in the wmononucleqrs, Pag and
Specter (1)62) pestulated that this incvecsed prodonlaance
of mononucleer cells could bhe dug to ®mlzration of nacnalos
Senous mononuclears suosaguent to that of polynoroas,
delayed groliferation of tiasue reticulo enmdobnel.ol cells,
a4 simulbanecus magravion of polymorpas and mononacleay
cells, witn differences in tne rate of migration ud sassejusul
fate of tne two types of cellsf. Nair (1973) sagnosted that
this predomanance could Le due to magsive destructlon of
hetorophils and local proliferation of hesmatozcnous monocylboid

cells.

It wos #x2e3 fros this stady tuat heteropalls vore pore
sensitive (o toe lrritaica tnan the amacpoyhages aal tual
massive destr .ction of hetcrophils wos scca espociolly Jaen
subastenas 1ike turpencing were used., It was aloo a:en that
there hoas peon a second vave of ngtorophilic en.wra.ion wnd
this could be possidbly due to local tisous destruction
liherating mediators or dug Lo the continued aslion of the

irritant itself.

In the laght aicroscopy it wos Lound very diffisalt to



125

demonastrote the baaophila probably degause of thalr fow nunborg
or because of their degramulation. Llectron amicroscoysy
revealed a few basophills anl most cells which have degramiloted
or in the procoess of degranulation, The basophilic granules
showed variation in the nature of thelr coantends and density.
Probably this ie due to the differences in the maturity of

tas gramles, state of pressrvation and the stogz of degranue
lations It is mot gquite evident Irom this ilavestipgution whethoy
heparin liberated from the basophils and mast collc hes a
definite role in the arrest of movement of fuflimwtery cells
as suggoested by Nair (1973). Detailed cyto-cuealcdl and
oxperimental studies employing histamine, hepdrin oand other

mediators arg nsgesaary for assignment of apecillc roles far
the basophils in the duaks

The early increase in vagcular permeabilidy i almost
gertainly due to the ralcase of histamine frox naat cells and
basophils (3pector amd Willoughby, 1955). Jut thovo 48 no
gondensus regarding the mediators of the dalayed pe.aeausility
rasponge (Wilhelm, 1973), Cersalaly histamine dose not
sppear to be involved giace antihistamines wers without effect
on the delayed reaponse inspits of pronounced sugpragssion of
the immediate responss. 0f the permeability fagtors described,
the kinins scem to be the most liksly mediator for the delayad
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response (Wilhelm, 1573)« Recently, attention has turnsd to
the prostaglondins as ncdiators of inflammation (Zurier, 1974).

Onoe the haterophils adhered to the endothsliun, they
extended pseudopods that appsarsd to penstrate tiw endotheliun
at or near cell Junckionss There is some good evidence in
mam3alien species that neutrophils release proiteins that are
chametactic for other neutrophils. Zigmand and Hirsch {1373)
desoribed a protein derived from neutrephils incubated with
aggregated gamns globulin that are stroagly chemotatic for
neutrophils. The rate and extent of phageeytoais depended on
+the particle to cell ratio.

In the present invaestigation the ducik hetaroshil was
fourd to be an efficient phagooyte as avidenced by its capagity
to inzest Staphylococei and other particulate matorials.
No atteapt wos made in this study to evaluate the anzymatio
changes assoclated with phagogytosis.

Ultragbructurally the duck hetaerophil was almost almilar
to the chicken hetergphils Nair (1973) deacribed tiwee types
of granules in the fowl hetersphil ~ the large dense
granules which gould be considered analogous to the azurophil
granules, the light gramules &nd the sasll dense graaules.
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In the present study only two types of gramles coulld be
discorned, the large dense granules with the elcetroa dense
core and the smaller grapules with fibwrillary aoalcrlis.

Since no histochemical studies were conducted it is not
poasible to definitely ascertain whether both thoge gramiles
contain hydrolytic enzymes and thercfors could bo gonsidered
as lysosomes, The electron dense cors of the largmy
gramles was charactoristio and it was evident H.4ot the
electron density was acquired during the lete stoge of
maturation of the granules begause thass sreas weru plectrons
lucent and pale in the immature cells. The formation of
gramles wes associa ted with the rough surfaged endoplasaic
roticulun ardd the Golzi complex. The vesicles which wore
liverated from the golgl fased to form larger gramilos. The
phenoainon of degranulation was noticed in the hotwrophils
attor endocytosis. Bainton (1974) siggested a doflinite
sequenoa of degranulation with the sjecific gramles degrae
mulating befora the azuraphilic gramales, From the preseat
obgervation it was not possible to identify whetucr there
existed aNy temporal or ascquential factors in the degranulating
proceas in the duck heteropshil. Dursng the procoss of
degramalation tiere was fusion of the gramule meulrons with
that of the endooytic vacuole. In the matuwre helorephil
there were only fow mitochondria. Rough surfaced endoplasaic
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rotioulun and golal wors nobt promirvent indicating rolutive

algnce o8 Med robein gyatnes.s axd Jranale £ wanclol.

The majority of ivhie mononuclear colls which hnd
cmagroted dureng tue first half hour ensards, as of tae
‘monocytoldt tyose caid it was dafficalt to dustinguisa
betvocen typicul nonocybes a @ lorge or medium lynshacyles
o4 hustological praparailcas. Theae monooytoid monovuclear
¢ells in vhe intervasculer areas, at gongecutive lLiae
intorvels exhabltod gradual norphologlesl ohamp ¢ss  fhase
cnanges gere charach.rised by aa ioaeresse in size, ad an
topen' pale stoiniag miclous. The preacnce of typ.cal
nesnatogencas monodytord colls and obther monicytoid cells
in Quifecent atages oL transforoation imto typical nacro-
piages indicaced tnat newly smigrated monoeytoid oclls huve
infaltraced aloay with dhose tuat have und.rgone norpholoical
alterations and got fixed. Juraing tue eorly stogos of tae
reactiol wg monocytves agpenryd to accunulate at the
peripaary of tae bleb formwd by ohe imosalun. Lobor thay
arranzed tueaselves as nedr rows ond anowed chan oo na S12a,
shaoe and Sanetorial properby. Siuilar chatyos w2 been
descriosd by many earller workera, Ing macropaqgus wore
fourd to ne efficient phagooytes as revoaled Ly ©Ro iugosdic.a

of varieties of parviculave matorials live doxer:i galpnadcc
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and tale and of orgaonisms like Staphylococcug surcuas. The
dynamics of changcs and the transformation of maoncnuclear
phe,ocste appeared to he degendent on the nature £ the
irritant, Nair (1973) reported that the phegotyues arhibited
a compsrativa increass in the acid phosphatose, erylsylphatase
and Beglucorinidase content as the cells which have
differentiated {nto mecrophazes in fowl duaring leccol
inflamastory reaction which ¢lsarly indicated the nolabolic
alterations assoclated wath increased phagocytic ability.

In the reaction induced by Freund's Complete aljuvant
lorze mumbara of pale staining calls with the morphology of
epithelioid calls were saecn, Epithelioid type colls were
scanty waen other irritants were eaployed. Nair {1273) ax
suggasted that in fowl epitheliocid cells probably developed
when macrophages begame iumobilized at the sise of inflommaiion
without veing called upon %o undertate phagoeytosls or waen
phogocytosis or pinccybosis resaited in complete climinacion
of the particle within & faw days or when tae irritant wae
digestible aal not agutoly toxic to tne nacrophages. The
presence of well developed organslles, anl an agzive mcleus
in the epitaeliold cells saggeat that these cells are active
functionally. Furtiher woric would be reguired to glarify
the functional casabilities of the spitnelioid coll.
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Siant c2lls were noticed duriay the later stogeas of
the inflsmmatory rooction. This vas very promounesd wihen
tale, Fround*s Complete adjuvant and homologous aryihrogytcs
wers adainis-ored, Even though there are two popcibilitlea
regerding the histogenesis of glant cells in an inflammatory
Zoous, Naeir (1973) employl g histochemiocal, autaradiographic
and ultrastractural techniques sonclusively provod that
in fowl,giant cells are foraed by the fusion of hoomatos
genous macrophages rather than by mitotic divisicn of pre-
existing masrophages. Ulbrastractural studies in this

investigation support the above consapte

From the results of this investigation it son be concluded
that the sequential ultrastructural changes of monogyte
trangforaation to macrophages, giernt cells and epltiwlioid
cells in the duck weveaimilar to tnat described civlier in
assmuals {(Cohin @t al.. 19664 Subton, 1967). The incroase ia
suchromatin indicated heightoned mebabolic astivity. There
wog relactive iacrease in the ribosomes, endoplasnic reticulun
and in the size of the golgi complex. The cell had increased
in size and became endowed with lorge nuaber of lyagsones
which was voery essential for foreign body degradation.

There wus on ingreass in the size and pumber of mitoe
chondria which aay be due to the increaged funstionnl amd
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metabolic pequirement of the macrophage. The bizarre looking
mitochondria with altered oristae way indicate partiaslly
destroyed nitochondria which show an attempt for rogenaration.
It is also clear that thers is a high turnover since amall
intact mitochondria were also encountered. Degeacrated
mitochordria were encloged in lysozomal siyustures;i these
autophagolyscsones sonetimes fused with hetergphigolysosonose
The phAgoscnss showed partial or complete degradavion. The
phenomenon of bacterial degradation is mot & mere physical
process sinse other factors, mainly isaunclogic alse have

a significent role in these.

The requirenent of aacrophager for developmont of prinmery
antibady responses to complex multi-deteralinant Tegell
deperdent antigens im now firmly established. The yegquirement
2« macrophoges for development of secondery antibody responses
to these antigens appears fo bs leas then Lor primary rasponsea.
Macrophages do not appear to be required for development of
antibody responses to so-oalled Tecell deperdent antigens.
Macrophages have alteast two crusial functions in the
developasnt of primary antibody responses to T coll analysis.
One function is the presertation of antigen to thi responding
T cells and Becells in & aamer that efficiently siimulates
these cells o cooporate in the development of an antibody
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response. The second funotion i3 a visbility promoting
function in which T cells ere made %o s.rvive and nediete
their aooperative interactions with B oells (Gradebusch,
1979)

Neir (1973) rasported that one censistant shsorvution
in the fowl was the presence of lyaphoid foci in the
inflanmed tissue, Usually these wers found as cuffs around
blood vesgelay He also reported thot these lyagphoid Zoed
ghowed & tendency to infiltrate and spreads When I7ounce
genic agents were used these lyaphoid fooi persisted with
Zornetion of germinal centres, In the present study
snlgration of lymphooyies and formation of nodular accumue
latilons perivascularly were also noticed. But this is
quantitatively of lesser inbensity than reported in chicken,
It 43 not clear from this investigation wihether thls
rapragented a gualitetive difforence in the dynamics and
circulatory pathway of lymphocytes. Nair (1973) had suggested
that in the fowl bocause of the lack of organissd lymphatic
patieay, the movement of lymphooytes could be from the blood
vessals to the tissue and back again into the blood veasels
in contrast to that of mhanals whore passage to the blood
vesasels 13 via the lymph channsl. Further sequential studies
are ageedod to clarifiy this reaction in the ducke
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In the pregent study it was seen that lymphodyies
emigroted in large namber after a time lepse of 4 ~ & houra
and during that time the endothelial cells of these vessels
appeared prominent and swollen. Such traansformation of the
endotheliun of vemules is reaisgent of the ohwngos in the
poste~capillary venales in the mamsalian lymph ndon, which
sre considerad, by some, to be tha result of antigonic
stinmulation, while others believa that it is mercly due to
the inareasad traffic of small lyaphocytes ¢rossing the
endothelium of postecaplillery verulcs of lyaph nodos draindng
areas where an imaunogonic material has boen dapoaited. In
the fowl this transformation of the endsthelium wig ralated
to the smigration of small lymphocyies and wnot to the
immanogsnic properties of the irritant, No attemp’ was auds
in this study to asgcriaia whether the emigration ol lymphoid
cells was botween ths endothelial or through the endothelial
cellsa,

The emigration of saall lysphocytes seen durdng the carly
phagse of the reactions continuad $ill lywphoid acossulations
werd ssens The emigration was not vary aarked waon dextran
sulphace was enployed. In memmals AT has been shs/n that hepari
and other sulphated poly saccharides lnhibited thw eaisration
of mrall lymphocytes and delaysd the onsot of repoir amd
2ibrosis, while they had no effect on the emigrotion of
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polynorphs 1l monocytes which gontinugd $0 anijztis Contupre
ently in whot appeared to be in normal ambor, and fhae
monasytoid nononucicars proceeded to transfors 180 LACTOPRALOD,
Nair (1373) postulated that in the fowl the mucopolysascharide
content of c2supalls witich <as liberated during desramulation
imibited the spread of lymphosyles after emigretion and the
inhibited lymphooytes along with the proliferatica of
reticuloendothelial cells resalted in she farmatios of 8 roplise
of an anstomical anl functional lysph nodule, A dozailed
lavestigation using graded doses of heparin and hugh molecilor
polyssccharides would throw more light on wihether such an
analogous situavion develaps in the dutse. In addition
sesamaery lyaphoid nodules wore seen forming in 410 lymphoid
fooi waen antigenmic subsiances like 3, aureus, Freund's
complate &djuvant axl ducik plague virus ware injected., They
wsre fourd to be mcrphologically similar te the lymphold
Zollicles present in the spleen of the duck and which rapresaat
the bursa-dapendent lymphold tissue, Ulirastpucturally such
foeil rovealad heterogensus colluation of calls in various
atages of trarnsformation into the pluama cells. In «ddution
to the acture lymphocytes with scanty cytoplasz and

organelles anxl having 8 predeminantly heterochroontic nucleus,
there were numerocus lorge cells which had blastold featuraes.
The blast cells were idenvical to the ilumnuno~hlosts described
by Movat and Fernando {1355), The relative role of



135

T lymphocytes in the inflaamatory reaction, espzcially waen
viruses are involved, reguire furthep investigstion. This
would be pussible when exporiments ave deslgned using
thyneotonised and/or bursectonised duoik.

It was not possible from this study to assess the
response of eosinophils in infleamatory reag¢tions in the duci.
In histolagical ssctions ideantification of eosinophil froa
the heterophil is difficull becnuse of the similwrity of
appearance of ihe heterophilic and eosinophilic grisules.

In the limited alectron microacopic observatioss, .ae invoelve-
ment of eosinophils in the inflasmatory respouss Gould nov

be escertained wiebh any degree of cartaincy. Jexicll and
88ller (19/2) while desoribing tae ultrastrustucral featurys
af the ducs soainophil reporied the prasence of aryatalline
corea which would enavle to differentiate with cocviainty

the eosinophils froa haterophils. To asay defimuuely whevher
eosinophils in tae ducks are the sxact counterparts of
namnalian eosinophils or not reguires furthor detliled

investigation.

In the loeal inflames Sory reacition, rapair v¥as pssociatad
with active fivroplasia, When the frritant peroisted st the
site there was attempt to encapsulate the irritans and the

reaction was idantlieal to tnav in ths admaals.
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In ordor to study the response of the tissues of
the duck to viral agents Ranikhot disease virus Cai Duek
plague virus wers caployed. The Ranikhet disease virus is
relatively non-pathogenic whereas the duck plague virus is
a virulent host specific pathogen for the duoke The cellular
regponse to RD virus infection was moagre from days five
%o nine, The tissue destruction followling RD wirus infection
was negligible or absoab, However, it did initiote a
minimal initi=l hetcrophilic and later lymphocylbie reaction.
The adulxr duck thersfore, ¢an be considered as refroctory
%o RD infostion es obgerved by Iyer (13%5) and Sriraman
ek al. (1980)s But Sherma et al. (1377) and Sulochana gt al.
{1331) concluded from their studies that ducklings are
susceptible, It would, thsrefors, appear that duckidngs
as they mature begoae immunclogically competent. This is
reflocted in the mild celluler response and pointy fo the
fact that tiasue destruction by the invading agont iz &
pasio component of inflemuatory responsae. Tnereforo, in an
imsunolozically competent host, the cellular response
peviorce is meagre and tissue destruction is inapjarent,

In conbrant o this, in duchk plague infection, to
which the hoat is very susceptible the spectrum of inflammatory
rasponsa was var\ied. There was basically virus iniaced
tissue accrosis even on the fif'th day and this hal elicited
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a celiular response characterised by hetropnilic rauction.
The virus caused multiple necrotie facl in varlous orgons

and this woas followed by severe heterophilic reagvsoda. I
is portineat to poiat out that irrespective of the patho-
genic potential of the invading agent the primory r2sponse
was heterophilic in nature. It would appear thal cue tissue
destruction primarily induced by the virus was roconslble
for this reaction. This was followsed oy an iopanod . ically
mediated reaction characterised by lymphord reseiion whach
was seen to manifese as lymphoid nodules by day eight. The
duck plagus virus invasion and replication in the colls
following exporimental infection 4oz massive auld tinsue
destruction is bounl to ose extenmive. This phuse was heralded
by hetorophilic reaction and later there was an aticapt at
impunslegical compromise and thiz was maried by lymphoid
regpoase of a moderate to sevore nature. waoen Lo fnf.ctlion
was gassive tacre was neeyosia inclading nscros.s of lymphoid

cells.
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SUMARY

4 atudy of cellular dynemica of inflammatory roaction
in the duck was sade employ.:l imaunogenic and nooe
immunoronie agentg. Turpentine, Dexuran Sulphalc, Talc,
Freund!s couplete adjuvont, Hoaologous erytirocytcs awd
Staphylosoccus Aureus wore used to elicit l.cal fallansatory
roaction in ihe subcatansous tissue, whalle Randkuct discose
virus and Duck plague virus were eaployed for atadsing the
general reaction after iatramusculsr injection. The
segueatial involveaoent of the cellular componontis ia tne
inflemmatory rospouse was sbtudied and the develogioat of

che leslon was delineated wnen different ageats wore amployad.

Irrespective of ihe agents enployed to elicat
inflamnetory reaction it was found that thsre was caugration
of cells from bhe arterjoles and venuleg after leukocyte
adnserence to toe endotnelium. The eaigration of hoi.rophils
o & monogytold cells wag always concurrent even thoazh
taere wag quantetative difforence in tae nomboer of enfgratin,
colls due to differont atioclogic ageitse Imutlally there
was heteroshilic predoninance and taat was roplacad later
by e proedesinance of gaocrophages or lyaphocyios. Tae notero~
phils and macropuoges wWoro found ©o bo cfficiont pad.veytos.
Alons w.th hsterophils, fow muabors of degranulasiny basophils
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were notiged in the perivascular areas, The ¢aanse in the
cellular constibuents of the inflamatory resction opjeared
to result from drfference in tae rate of caizration amd
augrations It was a0t gossible in thasg study to spoeificanlly
agsess the respens® of egsanopiils. Ths emigretod
Lymphooytes acounulated around blood vessels and fored
nodular struchures. In such lymphoid noduleus gurciasl
gontre formation was noticed wnen immunogenic ajz” ids wers
used. Immature aand pature plasma cells wore seen ig the
perivascular and intorvascalar areas froa four dayo. Zhe
Loraation of au anaionical and funcviomal replica of a

lymoh node during an inflemsatory process could bo considerad
a necessary factor for iniviating aad maintoinla; an

immunolosic reactione

Tns monooybold monsnuelears were the heomd.a,diods
elomernt s which transfor qed tc adcrophagen, epibiollold cells
and giant cells. Persistance of macrophages in «.0 infla-
maatory zone could be due o contimied enigrasion sl malti«
plication at local sites Giant colls inmvariubly Lorned
part of the cellilar exudace aocd tholr presesce was fre uantly
asgocaated with meerotlc debri and forelzn bsidyes. The
giant cells were forasd fron fusion of nacrophasoss Repalr

of inflamadatory tiasue wasg effvcted oy removal ol tae



140

incitang azent, by fibroplusie ey lysis und resorgcica of
tae infiltrating gells and exudalo.

Ulsraasructarally the duck foteco,. il posscoscd two
types of gramales, she large dense granule pogsscasiag onc or
moro elwobron dense core. The obhsy type - The 1L,
gramuie ~ was snaller wibn £ibeillary matrixe Saud;y of cae
dovelomont of btae aotarophlls showed the 2ss00.0lloa of
25zl complex in the geresls of wae gromulese ILT process
of endocytosis of the foreign body invelved fusion ol tue
phagosane #uth the granule foraing the phagolysoo.ive The
hetoroonil of tae laflagualory anudare nad & nega.s coubz
of glycogdns, Hoecrosla of tue neterophil was 2siofucted wiin

loss of orgaasllar destruction and zradual lysisgs

The monocytes affor emizration from wae blood vessols
uerwent structural alt.ucations to fara ascropad;cod, epltne-
lioid cells and glant collae. The trancfor @tion L.t RACCu~
phages waa cwracterised oy an f.creasse in size 8:xl lo whe
rouzh aurfaced sndoplaaaie retigalusn, and foraacion of wall
developed Golgl complcx and lysosones. Tae pacsos;tic
and degrading cagabilitles of bne macrophages wa.o roflected
in tne naneroas Auto=-piagolysosones ond actord nw.Jolysvsuies.
Epitheliold colls ware devoad of punsgolyscsomcs il ihis
indicaled anoth r fuaction for those zells t.3n patzocytosis.

Transibion forms betwoesn small lymphocyles, blast colls and
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plasmacybic cells were encountered imdicating t:at uxier
entigenic atinmulation, the lymphoid cells undepurnd sirucbaral
aiterations for the functional capabllity of antibody
production. The blast cells had an active nugleus vhich was
predominantly euchronatinic. The mein charagtaric.ic featura
of the plagnacytoid colls was the predominamt rough ourfacsad
endoplasaic raticulum with a polysomal configuratlun of ribosoi.

The bvasgophils aod nast cells showed degranulation
liveraving the mediators which altered the c¢ellulor rozpo80.
It 1is posaidla that the arrest of lympheid cells 4o fornm
nodules could be due to tue high molecular welght heparin
liverated from the 3ast coll granules.

In order to study the systemic response of tho tlssues
due to virus, Ranikhet dlisease virus and Duck plogucs virus
were employed, Tae cellular response to Ranikaet diseage
virus was meagre anl the tissue destruction wos alao minimal,
In the Duck plague iafection the specirum of inflanmatory
reaction was severe and varied, Thsre was necrosin of tissass
and predominantly hetaranhilic infiltration amd thig was
follawed by lymphocytic reaction in different tissies, Lympho.d

nodules with germinal centres wore moticed in the viacoral or,..

This atudy has broaght out for the fivst timog the maturce
of cellular rsaponse in the duck caused by a varicty of ageuts,
Imaunogenic as wall non-imaunozenic, The ulbrasiructure of
the infleamatory cells was also stadied so as to clarify taoir
functional astributes,
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ABSIRACT

The csellular dynamics in ducks associated with
inflarmatory response ioduced by various immanogenc ord
noawimaunosenic agents was stadied for the first tinmo.

The inflanaaiory resionse was induced an tae web of duocka
us.ng turpentine, dextran sulphate, talc, Staphylocogous
aureus, homologus erythroecytes and Freumd's completo
adjuvaat. The biopsy speciiens were collected from nelf

an hour upto 21 days at gpecific time intervals aad
exanined to assess the cellular responsce Gnd the chronology
of ca2llulsr events taking place during the emigration
process was dep 1cteds The conparasive features of cellular
evonts tuiking place when d;.fécrent agents were enplojoed
were also clarified. The light microscopic studico et a
gupported oy electron microscopie stuadies. Irreszec.lve of
the agoats enployed to elicit the inflamaiatory roeaction it
was foand tnat Liere #as enigration of heterephils amd
monosytord cells fron the artorioles and vemules concurrently
even though there was quantitative difforence in the namber
of emigrat.n7 cells duc o duffirent ag.atse Imztially
there was high predoninance of hoterophils ia the oxudate
am later thera was predominance of maeropheges or

Lymphasy Llas. Particiation of basopuils was also eyident



ii

as the iniitisl stages. Lyaphoid foci formation wztlh germanal
centres particularly waen antigenic stimulus was uoed was a
cnaracteristic feature, It was denonstrated that monoeytold
pononueclcear cells transformed into macrophazes, epibnelloid

c2lls and giaat cells,

The morphological features of the heterophilic granules
were studied by elocirommicroscopy. Large dense jramules #ita
one or tio elactron dense core and light gramles with fiel-
liary matpix were seea, The process of endocstosis of the
foraign body tuvolved fusion of phajosomes. The active
neteropiil was deaonstrated to coatain more glyco,une The
transforaation of nonocyboid cells into macropaaies was
demonstrated to be asgociated with increase in size and namoer
of endoplasmic reticulua and formation of well developed golsi
complex and lysosones. Lpitheliold cells were devold of
pnagolysosonos. 1t was ¢larified that the lymphocy.es
underwent transformation fato plasma cells under antigenic
stimulation. Tne plasnacytoid transformation was evidenced

by formation of rouga surfaced endoplasmic reticulume

The systemic response to Ramikhet disease virus and
Duck plegue virus was studied. The tissue destraction and

cellular vesponse to RD virus weyensagre. Hetorophilic and
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monocytold cell reaction was still the initial respoase,
In duck plague iafection there waa progressive necrosis and
this was associabed with pronounced lymphoid reaction
indicative of an immunologic reaction, In Raaikhet disease
infeotion the lymphoid resction wos not as pronounced as
in duck plague virus infection.



