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INTRODUCTION
Dusks have been donestisated all over the world 

and in many parts they form an integral part of tna 
t o n  food source. Altnough not so popular as the 
chicken as seat or egg producers they have established 
themselves as an Important source of protein food atloast 
in certain regions. From an aquatic life over tho years 
ducks have adopted to a semiaquatic life and of la^o, 
efforts are baxng made to rear them on terrestrial 
intensive system of management as in the case of chicken. 
Concerted efforts have oeen made to evolve breeds w^th 
a potential to produce eggs on an average 250 to yOO per 
annum. During tho last decade there has boon considerable 
improvement in tho genetic potential of fcna ducn for 
productivity. Moreover, in our country farmors havo taken 
up rearing exotic breeds of ducks lite the Knakicaopholi, 
which arc high producors.

In Kerala, rearing of duc&s has all along boon 
coasidored as a profitable proposition by farmers and tnero 
is a population of 4*3 lakhs of ducks in this state. Tho 
disease resistant local duck with low productivity was the 
backbone of the duck farmer in this state. The dacha were 
allowed to house in the paddy fields after harvest aid they 
were moved from place to place, even into tho neighbouring 
states. The traditional duck farmer in Kerala although



largely inclined to adopt classical practice of pasture 
rearing of ducks has also imbibed to some oxfent tno 
latest technology in the form of oreoding high producing 
stock and also practising intensive rearing* Tae Intro­
duction of exotic oreeds of ducks with change in the 
iianagoment practices as in the case of other lives cock 
has also led to change in tho disease profile of ducks 
and new disease problems have cropped up*

In 1976* there was a severe outbreak of duck plague 
in the state in which a sizeable population of aueks was 
wiped out* This created an awareness beta on tho farmers 
as well as animal disease workers in this state regarding 
the necessity for proper disease control measureo for ducks* 
This nas resulted in focussing attention on duck disease, 
especially climcopachologic manifestations and prophy­
lactic and tnorapoucic measures#

A proper understanding of the disease profile and 
manifestation is very important for undertaking disease 
control measures* Tho mechanism of tho interaction between 
the invading agent and the host tissue system determines 
the disease manifestation and this has to oe thoroughly 
understood* All pathogens basically induce an inflammatory 
reaction in the tissues and the intensity and typo arc?
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important factors in determining the outcome of tho 
disease* Tne infla&sa fcory process involves active parti­
cipation of tie different tissue compoaonts and nucUntors* 
Sxtenaive investigations nave aeon made on tnis important 
biological process in the Co.sc of mammals • Taero has not 
been much, information on cneaieal, oiological9 vascular 
and cellular nature of tie inflammatory response m  the 
avian species* However, in chicken Oar Ison and Steer (1969)* 
Nair (1973) and Awadhya et al, (1381) have made very 
valuable co ntribution3 on tho cellular involvoneit in 
inflammatory process in the chicken.

There has not been any systematic m-dopth study on 
the various aspects of inflammatory procoss in tho duck*
A clear anderst aiding of the ctiranology and type of cellular 
involvement is very essential to fix criteria for patholo­
gical diagnosis* This would also nelp to clarify tuo 
mechanism in the spontaneous duck diseases# Therefore* 
with the objective of elucidating t te oasic changes involved 
in the inflammatory process in the duck, studies i/ore 
undertaken to delineate tne mechanism of inflammatory react ion 
in the duck using differeat chemical and biological agents. 
Besides tins* with a view to understand the res poos e involved 
in spontaneous diseases, taking Duck Plague and HaaLkhot disoas* 
as models of viral infections a study was designed ukX che 
pathogenesis and pathology were worked out*

3



REVIEW OF LITERATURE



RuVZbJ] OF 

1 « Inflammatory response in ha aiaio

1*1* Views .doyolObed^in^anciont_tIuiOG

î any of tno manifestations of inflammation aro easily 
seen and folt and fchore seems no doubt tnal over since mail 
has emerged as a thinking animal, ho has been concerned 
with its study. In co.sequence to his concern and curiosity, 
a vast amount of literature on this subject has accumulated 
dafcixjg as far oack as the Egyptian civilisation*

In the recorded histories of ancient civili aliens, 
there exists aoundant evidence to indicate that atliast 
some types of pathological lesions, particularly tlusa 
involving the skin and external orgam, were woli-ki'uwn*
The Babylonians apoear to navo boon familiar Jitn c retain 
disease states, and m  tne code of Hammurabi wlitct is 
thought to have been composed about 1950 B*C*, certain 
soocific rules v/ere laid down on a number of oporativo 
proceuuros, the aLm being to safeguard the life of the 
patie lcs# Two important documents that have oean preserved, 
the ado .in Smith surgical papyrus, 1600 3*C#, and tho &ber 
papyrus, 1550 B#C., provide some indication as to what tno 
ancient igy^bians knew aoout medicine# These pap„rl deal



with a number of kinds of inflammation ie., abscesses, 
ulcers* carbuncles ai& “erysipelas*•

During the Greek era, Hippocrates, the so-ĉ . lied 
“father uf medicine*, was aoparcitly able to recognise 
ani descr’Lbe accurately a number of disease status ouch 
as pneumonia, tuberculosis, malaria and typhoid fovr*

The outstanding work of tne Roman period '/us written 
by Cornelius Celsos, (33 3.C. - 33 A.D.), in the form of 
a review of much of tne known medical know ledge at the 
tine. It is m  this review tnat the well-known descriptive 
sentence familiar to all stude its of natholog/ appears for 
the first time in the literature. “How there are four 
diagnostic marks in inflammation, redness ard sfoiling with 
heat and pain*. These have come to be known as the cardinal 
signs of inflammation, a*d obviously represent a classical 
description of the inflammatory process as seen oy the 
uninitiated in every day life. Galen, (1p0 - 203 A.D.), 
another influential physician of his time nas added the 
loss of function ee tne fifth cai dxnal sign of inflammation,

1.2. Views developed„lhmtne^gerxod^of_Renaissance %o;the

Although tne light microscope was available? from 1324 juO 
onwards, it was not widely used in the study of diseases
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until the 19th century* Rokltonsky and Virchow used the 
microscope at this time for the study of disease* Virchow 
appears to have been the first to nave propounded tho 
cellular concept of disease, and was of the opinion tnat 
disease was in actual fact, an aberration of tho normal 
physiology*

John Hunter (1723 - 1793) is considered to oe the 
father of experimental pathology. By emphasising Lie 
’salutory" nature, as he called it, of the inflammatory 
process xn c©moating disease, he appears to have stimulated 
speculation experimentation into the mechanisms under­
lying -che vascular and other local charges participating 
in this response*

The microscope was used during the 19th century for 
the in-vivo study of the charges associated with Inflammation. 
Dutrochot, in 1324, and William Addison, xn 1643, were the 
first to describe the adhesiveness of white cells with 
respect co the vascular endothelium* Connneim (1832), 
follov/ing his studies with the tongue and mesentery of the 
frog commented on tne increased transudation of fluid 
causing infiltration and swelling of the inflamed, tissues. 
Cohnhelm also attempted to relate the changes in living 
inflamed tissues to Galana* classic signs of ioClamaatlon*
He correlated tne redness with tne abnormal congestion of
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the vessels and the spelling :itn the transudation of fluid; 
pain was related to sensory nerve codings, and neac *co the 
increased arterial flow.

Wetcnmkoff (1845 - 1916) was tne first to emphasise 
the importance of phagocytosis in the inflammatory process* 
At this time, iClebs, Koch and several otaars were familiar 
witn the presence of microorganisms within white corpuscles 
in the inflamed tissues but they were of the opinion that 
the a*croorganisms found tills environment suitable for their 
growth and multiplication, and In addi tion it was ^nought 
that the leukocytos favoured their dissemxaatlou ilofccn- 
ninoff emphasised his view that tho conspicuous vascular 
changes tnat taxe place in inflamed tissues are instrumental 
in mobilising to the sjlzq the various defensive elements 
of the body*

Starling, as early as 1896, put-forward a theory in 
an attempt to explain the excnange of fluid m  tno capillary 
bed under physiological circumstances# lie considered the 
capillary wall to acm as an inert filter relatively 
impermeable to promoins# In assuming this, he poocalated 
that if the capillary pressure of m e  blood ./~o in excess 
of its osmotic pressure, tnore would oe as a result an out­
ward flow of fluid, and if she reverse /as true then there 
would, be an influx of fluid to the lumen of tno vessel*
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Landis# in 1?j>4 wa^ aole to domoxu trace taut, taore 
was in actual fact a pressure gradient higher on dhc 
arteriolar aide and lowar on the venous side#

Arnold# in 18/6# pustulated •cue existence of a "cement" 
substance between the endothelial cells# and it \iua thougau 
tnat alteration in the natural properties of this oloaent 
was responsible for tne increased permeability qiciLoi oxL 
by the inflamed endothelium. This view appears to aave 
OQen widely accepted until fairly recently# \n en with tho 
onset of the electron microscope# and tne development of 
new technid ues# the presence of such a cement material 
bef/sen the endothelial cells# as described by Arnold usid 
a lot of other investigators# nas not oeen confirmed. This 
point is however still debatable.

Alongside the postulation and experimentation cone rn- 
ihg tne increased permeaoillty exhibited by the injured 
vascular endothelium# whicn was stimulated by the observat­
ions of Cohmeim# there was a similar interest and experi­
mentation regarding the phenomenon of cellular emigration.

One of the most confusing and most difficult subject 
in the history of pathology mid forming a debatable point# 
is the origin of cells m  She inflammatory exudate. The 
most popular tneory that persisted for many years# was
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perhaps tnat proposed oy Maximoi; in. 1306* Maximo*/ was of 
the opinion tnat all mesenchymal cells are derived from an 
undifferentiated olast cell which in the none narrow is a 
free haemocytoblast and, in the otner tissues, is in the 
form of a fixed, undifferentiated mesenchymal cell* lie 
proposed that th© large lymphocyte was auch a muXtipotential 
coll and that it was empowered to transform into a macrophage 
or even a fibroblast* Tempti 13 as this tnoory have 
oean at the txno# there are todny several scrto .iij- oDjOG tlons 
as to its validity.

Metcnnikoff oosurved cue oahaviour of the "miorophage1*, 
(noutrophil) and the macrophage* Ho observed tiat the 
microphage was the first cell to appear in the ejwdace and 
that it formod the first line of defence.

The macrophage, the persistent scavenger coll in 
inflammatory exudatos, was so named by Mefechnikoff out it 
was von Recklinghausen in 1363 who described this coll in 
detail* Ho ascribed its origin to fixed tissue histiocycGa* 
Since that time a number of possible origins for tfcuo cell 
have been suggested, e.g. merchant (1890) ascribed its 
origin to adventitial cells, Ranvier (1890) to lymphocytes, 
Mallory (1393) to endothelial cells, Kiyono (1914) to 
monocytes.

It is obvious from the available literature t xat
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bacteriology and immunology nad a profound effect upon, the 
research on inflammation during tno second half of feao 1 win 
century. The effect of modern trends in biochemistry on 
bne research cork on inflammation became apparent during 
the last few /ears of tne 13th century and the early days 
of the present century. Sir Thomas Lewis was one of the 
first to have drawn the attention of research workers to the 
biocnGmical assets of the inflammatory process, following 
his obsorv-xtiumc on the role of histamine as an inflammatory 
agentp and hi 3 classic description of tie "triple response'* 
(Lewis, 132?)* Since that date a tremendous amount of work 
appeared in the literature on tn© possible mode of function 
of a number of vasoactive amines and polypeptides as chemical 
mediacore in inflammation.

By the end o€ the 13th century it became door that 
tho influmatory response was nit a simple event, hue on 
the contrary, a series of events that follow a moru u-r less 
predetermined course* At tn© sane time, it was o’so univor- 
sally accepted that both the increased vascular poimeability 
and taa cellular emigration and infiltration arc nort of 
tho uamo reaction and tnat they are of equal significance.

1 *3* Vascular rtemoebili.ty 
1.T.1* Introduction

The present work is mainly concerned witn tia Gwllul^r
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aspects of the inflammatory reaction, but sxnce increased 
permeability forms one of the major aspects of tho infla­
mmatory process* which is intimately linked wxtn <iio cellular 
cuanges, it is considered aopropriate to give a concise 
summary of a number of facts and postulates co ic -ruing thxs 
aspect of the inflammatory process♦

This concise review xs based entirely on what la 
known of the mammal and lower vertebrate species* as no 
relevant information appears in the lxtorature regarding the 
avian apcolos.

1 *3*2. Normal
As stated above Starling (1896) assumed that vascular 

endothelium to act as an inert filter relatively impermeable 
to pro-ceins and suggested that if the hydrostatic pressure 
exceeded the colloid pressora of she blood tnoro would be 
an outward filtration and that if the reverse hold true an 
Inward flow would result* In 1926 Landis began a series of 
accurate measurements of capillary pressure by using mxcro- 
pipettes* He was thus able to measure the hydrostatic 
pressure in both arteriolar and venous capillaries and ho 
described a consistent pressure gradient higher in the arter­
iolar and lower in the venous side (Landis* 1934)*

It was subsequently realised that the capillary endo­
thelium is not only permeaolo to water and eleofcrolytos but
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to other larger molecules as well* but not as large* as 
those of tne blood proteins. Papponheiaer (1353) remarked 
on the similarities between the characteristics ox capillary 
permeability and that of artificial porous membranes.

Somo authors strongly support the existence of an 
active vesicular transport system across the endothelial 
cell (Palade, 1153} Hoore and Huska* 1957). Fawcett (1959) 
observed that such vesicles were as a rule distributed 
along the border of the endothelxal cell and none was 
seen in the interior of the cell* He considered rs unlikely 
that these vesicles play a significant role in transport!ug 
colloids from plasma to extra cellular space.

To summarise* there does not appear as yoi. a single 
hypothesis which can account for all tne known facts of 
capillary permeability. At one extreme are the supporters 
of the idea of passive diffusion and hydrostatic flow of 
fluid and solutes through pores or slits of small bat 
fxxed si so in a non-living barrier. On the orner extreme 
are those supporting the hypothesis of the movement of 
fluid and solutes in and out of tne endothelial cytoplasm 
and across the cell membrane.

1.3.3* A Itered^vascular joermaabi 11ty

One of the important and characteristic aspects of the 
inflammatory response is the increase in vascular permeability
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Leading from the early observation of Cohnhoia 
(1882), the nature of the defect in the vascular */all 
which allows tne free passage of larger molecules has been 
and still is a subject of exparxmentation and s peculation, 
and a number ef theories have since ooen propococ1 in an 
attempt to explain it, some of which ares

1»3 *4 • The ̂ h^otaesis^of ̂the^ac tiw^tr amgort^agaar at’̂

The ooservation that the vascular endothelium was 
able to taxe up injected colloidal particles suggested to 
several investigators that it was actively partaci ̂ acing 
in the exchange of material oetueen the blood and tissue 
compartments (Biozzi, ot al* 1943; Ovary, 1958; Gossy and 
Kato, 1960; Palade, 1961)• This observation however 
should be looked upon with suspicion as the behaviour of 
ferritin, a denatured protein, and colloidal gold ate# 
which wore used as markers, may not be similar to that of 
plasma proteins and may in fact do treated, by too endothe­
lium as foreign (Spector nd Willoughby, 1363)*

The Increases in the number and size of introcyto- 
plasmid vesicles in the injured endothelial cells prompted 
several investigators to speculace that tni3 increase 
indicates in actual fact an augmentation of tho normal, 
physiological active transport system (Moore and duska, 
195/)* Alhnso (1959) described similar changes JLi the 
endothelium of dermal capillaries of the mouse following
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the topical appli.cati.ort of histamine, and Gi*g0aciod tnut 
lusuamine act3 directly on the endothelial cell to stimulate 
tne active transport mecharuam*

1 *3 *5* Segaration^of^ond^hellal.colls

Maono and Palade (1pS1), using tne rat crcnaotor 
muscle and stimulation Its vasculature by local inhesions 
of hiatamxns and 5-hydroxyfcrypt amine (b-HT) reached a 
different conclusion from taut reached oy Alknse (1 7?9) 
and Moore and Ruska (1937)* They suggested that tho effect 
of histanine and 5-HT was to cause the soparation of 
endothelial cells*

Haddy (U60) and Ro ;ley (1^64) oosorvod tnat both 
5-HT and histamina cause a rise in tne intravascular 
pressure* following venous constriction* Rowley actuated 
tne separation of mhe endothelial cells at tne intercellular 
junction to the increased iatravascular hydrostatic 
pressure*

tandis and Pappemeiaer (1963) appeared to croport 
tne idea that the increased vascular permeacility following 
the application of 5-HT, histamine and orad/hi-iin was not 
merely due fco tne Increased venous pressure but also to 
a concurrent loosening of the surface bonds between the 
endothelial cells*, which in mum. may oe facilitated by the

14



13

increased hydrostatic pressure.

Spector and. Uilloughby (1365) sum narIsed tho possible 
raeohanis&s of increased vascular permeability induced by 
histamine as follows!-

1. Constriction of the small veins leading to 
Increased hydrostatic pressure in tne vumlos 
with subae-aent "forcing oat" of protein*

II* A contractile mechanism in the endothelial call, 
similar to that of smooth muscle which is 
contracted in tne presence of histamine, ina 
cells might thus draw apart and in doing so 
permit the formation of intercellular gaps*

III. An alteration in the permeability of tho colls 
causing them to alter their shape and thus nova 
apart (possibly by a roundlng-up process).

IV* A combination of these events plus an. offset on 
phospho-proteia turn over at tho surface of th® 
cell or possible alteration of the surf-cc cell 
cnarge loading to repulsion of adjacent culls”*

1 o.6. Basement membrane in vascular pomeability

Following the failure of the electron microscope to 
demonstrate the postulated pores of Pappenheimor the 
endothelium^ attention was focussed on the basement 
mombranG as forming tho limiting selective factor in



vascular permeability, assuming that the vascular endo­
thelium yielded a free access to colloids with or without 
the proposed vesicular transport system (Fawcett, ij59$ 
Palade, 1 J53i Bennet; Luft and Hampton, 1339 J Palade, 1JS1).

Bonnet et al. (1359) stated that vessels with a 
detectable casement aemorane have a limited parmoaaJLlity 
to proteins, whilst vessels wita an incomplete basauent 
membrane, such as lymphatics and liver sinusoids, do in 
fact exhibit much higher permeability to protein taan 
other vessels*

Palade (1961) was not aole to demonstrate! pores of 
any kind in the baseaent membrane and he postulated tnat 
if such pores do exist they must be so tortuous ao to be 
invisible*
1*3*7. Diphasic nature of increased vascular peroGability

Sewlt (1958) made the int resting observation that 
in thermal injury the increased porme-bility in tho cuta­
neous vessels of the guinea pig is diphasic. His observat­
ions were c Dhfirmed in the guinea pig, rat and rabbit 
(Spector and Willoughby, 1358 a M  1959; Wilhea and Mason, 
1958 and 1960; Allison and Lancaster, 1959).

The delayed prolonged phase of vascular permeability 
involves mostly tne capillaries (Cotran and Majno, 13(54)
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unlike the early transient histamine type of response 
which affects mostly venules.

1.3*8. ‘S^iStion^of^the^^seular^evaats^in^inflannalion

Spactor and WilXoghby (1963) seated taat evidence in 
favour of the existence of endogenous chemical mediators 
of the permeability response comes from the ability to 
demonstrate their presence at the time unen they should 
be oxerting their effects and their apparent absence from 
tne area when the inflammation subsides or nas not as yet 
begun. iSvea stronger support for this theory coaoc from 
tne ability to suppress the inflammatory changes by tho uso 
of specific antagonists.

1.3.9* Increased.. ̂ amoability ra M  leukocytic emiggatlon

Hurley (8963) shewed that increased vascular pormeu- 
bility and leukocytic emigration can be induced independently 
from each other.

Comran and tfâ no (1364) observed that vascular leakage 
end leukocytic emigration did not necessarily toko place 
from the some vessel.

Hurley (1964) suggested that leukocytes in tholr 
passage througn the basement memorane is some way impair 
its ability to retain particles whicn reached its luminal 
surface, as a result of increased vascular permeability.

17



1 8

'I»j? •’10. Conclusxon

Relatively recent rosearcn work nas shown tnat the 
permeability response in inflammation is sometimes Diphasic, 
consisting of an early short lived, phase and a dela/od out 
prolonged puaao. The delayed prolonged phase appears to 
oe tno essential part of tne reaction. The early transient 
pnase as probaoly mediated by hi3tamine and/or 5-HT out 
no mediator nas yet been doscnoed for the delayed prolonged 
response. Recent work suggested that dir jct injury to 
vessels may be responsible for the delayed prolonged phase.

1.4. Cellular Aspects of Inflammation in Ham nals

1,4.1. Introduction

One of Ihe major features of the inflammatory process 
is she emigration of leucocytes from small vassals, usually 
venules, to the injured tissues, emigration appears to be 
proceeded by tne margination of the leukocytes £ru~. their 
normal position m  the centre of the blood stream to its 
periphery and by the sticking of such colls to tuo luminal 
surface of the endothelium. Although this process of 
sticking vo the endothelium has been oo&arved, described 
and studied for the last 150 years or so, the mac jamsmCs) 
responsible, wnether physical or chemical, still remain



largely obscure* Despite the discovery of a number of 
agents will oh appear bo bo uole to block the adhesion of 
the whice cells, tholr use a as not anoa any more light; on 
the nachanism(s) controlling this process* Tna actual mode 
of emigration of these cells from tne vessels is pornaps 
slightly bettsr uiderstood, altnoagn some disagreement 
still exxsts Oil this as^-ct*

Leukocytic emigration is usually apparent within a 
matter of minutes following the application of an irritant 
but the major wave of it takes place two to six ho irs after 
such stimulation*

Ono of the debatable aspects of inflammation is the 
transformation of the early and usually predominantly 
neutrophilic exudate to one of mononuclear predominance* 
Tnere are throe possible explanations of the process of 
transformation and tneso tfi.ll be discussed in dote JL later*

1*4.2* Historical data

DutroGhet in 1324 was appor- fly the first to describe 
tne narginatlon, stickling and emigration of 1 -ukoo/.us and 
considered it possible that the vessels had wlateralH 
openings through which the blood can discharge its elements 
into the tissues* Arnold (18/5) was of the opinion that
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both white ard. red cells emigrated through the Intercellular 
cement which was thougnt to oe present bet/een m a  endothelial 
calls*

Adda son (13-+3) iaauced inflammation in tho wcd of tie 
frog’s foot* He noted that witnln half an hour tub number 
of ’’globules” (leukocytes) , adhering to the vessels had 
increased considerably and that some of the a wore already 
outside the vessels.

Co’inheim (1832) ./as of tie opinion that molecular 
charges in the endothelium v/ere responsible for tno events 
seen in inflammation. He also seemed to be familiar with 
the ameboid movement of leukocytes.

Adaai (1909) /aa m  favour of a passive naenre of 
emigrating leukocytes. Later however ue dropped argument 
and supported the ameboid character of leukocytes.

Clark ot al. (1936) using the Sandison rabbi t * s ear 
chamber carried out a critical study on tno sticking and 
emigration of leukocytes. Clark and Clark (1335) studied 
the same phenomena in amphibia. At this t&mo thoy also 
hinted at tne concurrent emigration of all types of leukocytes 
but tney did emphasise tho fact that the polymorphonuclear 
leukocytes appeared to make their way through the wall much 
faster than the other types. These investigators failed to 
agree with detchnikoff * s view that sticking end, miration
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were la consequence to ehemotaxis but oa the other h^nd 
taey agreed. w_tn Cohnheim* s opinion tha-c a ena*igc In the 
endothelium is an essential preliminary to tne sticking 
o£ the leukocytes* Goodman et al* (1379) s cudied the 
inflammatory rospores to endotoxin and ooserved adhesion 
of leukocytes to the endothelium of arterioles and venules 
in throe minutes* Immigration of cells was ooservod in 
three hours*
1*4*5* Int3rcellular^ceaeat_^id^endoGaoill^r^_la^er

Concurrent with th© interest in the ultrastrnotural 
study of cellular emigration, there was also an interest 
in the aetiology of sticking of the leukocytes to tne 
vascular endothelium* The electron microscope failed, to 
confirm tne speculations of early investigators with regard 
to tie presence of a cement material or a layer of fibrin 
covering the luminal surface of tne injured endothelium*

Grant (1965) remarked tnat it was quite possible taat 
the fixation and dehydration procedures employed today in 
preparing tissues for electron microscopy might wash out, 
or xn some way alter, tne luminal material that might have 
been there*

Luft (1966) was aolo to demonstrate that the postulated 
endocapillary layer does in actual fact exist ani probably
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consists of aucoprotein or aucopolyaacharide*
1 ,4*4# Modo^of ^emgration
1 *4.4• 1 * &aigrafcion̂  through tno inter endothelial juaation

Marches! and Flore/ (1950) were able to observe that 
the leukocytes nassod through tbs endothelium by first 
producing a pseudopodiua* The leukocyte* having passed 
bet men t>iq endothelial cells ox the vessel, was then ablo 
to move on through tne casement membrane of the vessel, 
or it displaced the casement aemoraae from tne endothelium 
and come to lie bet /een it and tne endothelial coll* Tney 
finally foutd a gap between fcne pericytes and fibrils and 
they were mnus able to steam out into the perivascular tissues*

The observations of Marches! and Florey differ from 
those of another group of workers waosa results wore publiaiad 
in the same year (Williamson, and Gnsuam, 1960 and 1961)* 
Working on the inflamed, pancreatic vessels of .ao dogf tuey 
observed development of numerous cytoplasmic prococa, 
projecting into the lumen of the vessels* Lau&oaylca, 
neutrophils in particular* appeared to m  embedded in tne so 
processes and were subsequently completely enveloped by 
endothelial coll* There was no mural defect in tne endotholxa 
communicafcirg; oetvecn the luuen and the perivascular space*
In addition tney comment on their observations tia’c tne 
vascular eniothaliun in this partic ilar experimental system
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has 3ho«m a striking specificity for polymorphonuclear 
leukocytes* although a vary small nuiaoer of lymphocytes 
have beea observed passing through the endothelium* The 
phenomenon was not ho /ever observed xn ins rat mfL tho 
writers concluded that it say oo organ or species exfic, 
or alternatively merely inherent to their particular 
ex -»orlrae >*tal system *

At the present time it is considered that the Inter­
cellular route of migration is probably the moro common 
but -chafe exceptions occur la situations such as tliafe 
described by Williamson and Grisnam and oy iiarc ibsi and Gqwuos 
(1363) whose observations on the iatracytoplasnic passage 
of the saall lymphocytes through the endothelial colls 
of the post-capillary venules in the lymph nodes of tho 
rat are universally accepted*

1 *4*4*2* 3S&2SL9SJ^2-^kSSi5iSSiJS£Sffi£i2L*92.iS^JiSii
surface

dc&overn (1357) was stimulated by the hypothesis tnat 
a change in electrical potential could account for unite 
coll sticking and emigration, and he postulated teat tissue 
heparin may normally function in preventing sticking under 
normal circumstanc os and that heparin may have antl~wnite~ 
cell sticking prooertiea*
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McGovern, and Bloomfield (1363) were however, unable 
•so alter vnlta cell sticking »xth heparin xn traumafejused 
tissues but taey observed tnat he jarin itself could ini fciate 
the events loading to leukocyte emigration* The fact that 
heparin could initiate leukocytosis was noted earn or by 
Copley (1948)*

Spector and ffilloughoy (1963) suggested tnafc the 
phenomenon, of adhesion of leukocytes bo endotneiiua could 
be explained in terms of the electrochemical forces operat­
ing at cell surfaces*

Sangham (1364) demo as traced tnat the adnesxsn of uMxe 
cells to other surf ices can possibly be explained an the 
basis of calcium bridging between cells, the property being 
attributed to tho anionic groups present on the wlu^Q cells.

Thompson et al* (1JS7) proposed an important role for 
calcium in the pneaomena of sticking and emigration during 
acute inflammation* Usj.ng a calcium chelating agwit, dufA, 
they were aole to ootain a complete reversal of tne infla­
mmatory leukocytic sticking in rabbit's ear chan oars and 
in the wxposcd rat mesenteric vessels* On injection of 
calcium, tne sticking of leukocytes once agam was ooserved* 
They also noted that the intercodothslial junc felons of vessels 
treated with the calcium chelating agent were widely open*
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Grunt (1965) concl ided that "am altered state of the 
vascular endothelium wa3 a critical event in the final 
common pathway of the inflammatory process# wnethor this 
wao induced oy trauma or gixcro-organisras'1 •

1*5* Cheaotaxis

Until quite recently# there has been an attempt to 
attribute sticking and emigration of white cells as due to 
cnemotaxis* Florey (1962) expressed the opinion that It 
was quite possible that the factors controlling tho sticking 
and emigration of leukocytos were not necessarily the same 
as those controlling tne movement of these cells outside 
tho vessels In the extrovascular tissues*

It was demonstrated in experimental work carried out 
in vitro that a number of bacteria* starch granules and 
antigen«antibody complexes are cheaotactic (Harris# 1955# 
Boyden* 1962)#

Allison et al# (1955)# in studies of burnt tissue in 
ear chamber proparacions, directly observed white calls 
emigrating from vea&els and moving at random, although they 
have fre tuentl/ oeen ooserved to follow the route of least 
resistance. Despite what appeared to be random movement of 
these colls# taey finally appeared to be com ontratcd around 
the sit® of the injury*

Hurley (1963) was able to correlate the results of his
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Ineradermal experiments With an in vitro demonstration of 
chemotaxis, and showed tnat tne correlation ha but.on the 
on vivo evidence of tissue leukocytosis and the ta vitro 
chemataxia was high*

1*6* Leukocytic emigration and increased vascular
permeability
Hurley (1964), follow, ng his experiments with intradormal 

injectiors of different irritants into rats, was able to 
demonstrate two distinct types of cellular emigration, 
dissociating them from permeability effects* Using histamine, 
homologous serum, and even physiological saline, lie was able 
to observe a relatively non-specific emigration of leukocytes, 
mostly neutrophils, taking place several hours aft or the 
injection* However, by using extracts of burned skin aa 
st-raulus, and saline extracts of polymorphonuclear leukocytes, 
he was able to demonstrate an almost immediago emigration, 
reaching massive proportions by 30 minutes of tie injection* 
When the late reaction was observed, it was not related to 
any increase in vascular permeability*

Logan and .'/ilhem (1963), studied tne reaction of guinea 
pig skin to injury by ultraviolet light and tney were a ole 
to demonstrate an early and a late permeability response and 
tney showed a parallelism between the lute phase of permea­
bility increase and tissue leukocytosis*
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In general, it appears tnat the evidence available 
today concerning the effect of increased vascular pornea- 
billty on leukocytic emigration tends to support too general 
Idea, caat increased vascular permeability is not tne result 
of cellular emigration or vice versa. A vessel say show 
increased permeability but not emigration whilst another 
vessel in the some vasealar bed may show emigration and not 
increased permeability, whilst another one near oy may show 
both.
1.7* Tho early neutropnllic predominance ani tho trans­

formation of the exudate to one of mononuclear 
predominance

A well established but rataer poorly understood aspect 
of the inflammatory process is the transformation of the 
early polymorphonuclear exudate co a subsequent predominantly 
mononuclear cell infiltration.

The early polymorphonuclear predominance holds true 
in almost all reactions. Dienos and Mallory (1332) expressed 
the opinion that the tuberculin reaction forms an exception 
in that it is characterised by a predominantly mononuclear 
response from its initial stages. Follis (1340) observed 
tnat the cellular response in the very oarly stages of the 
tuberculin reaction is a polymorphonuclear one, and tins
view was certainly supported oy the recent observations of
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Martins and Raff el (1964)* There now appears to bo agree­
ment that in most if not all inflammatory reactions, the 
initial change is that of a polymorphonuclear predominance*

One point on which there now appears to oe general 
agreement is the haematogenous origin of botn types of 
cells (Clark and Clark, 133^ Kolouh 1339 5 Ebert and Florey 
19395 Rebuck and Crowley, 19^35 — ' ' 3enaocrra£ and
McCluskey, 1953? Page, 1964; Spector and Coote, 1963)*

It is possible that the change in the cellular 
Character of the exudate may be related in some way to the 
fact that the neutrophil, being an end call with a compara­
tively short life history, degenerates rather quickly, 
whilst the mononuclear colls are able to survive and proli­
ferate*

Pag® efc al* (1962), using the antioetabolito 6- 
mercaptopurine, were able to inhibit the lymphocytic response 
in inflammation, without in any way affecting the early 
neutrophilic exudation* This led them to the hypotnesis 
that subsfcaaoe(s), released at the site of inflammation, 
induce protein synthesis in the circulating lymphocytes, 
which event appears to bo essential for their margination 
(Page, 1964), and this perhaps indicated the existence of 
two different stimuli*
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Pajz.! and Spector (1962) performed, a series of 
experiments on rats# using intraderaal and infcraporito- 
neal infections of a number of raacromolecules as thoir 
experimental techniques# They wero studying the response 
on a temporal basis and they reached the conclusion that 
polymorphs and mononuclear cells were leaving the vassals 
concurrently# They did observe however that the poly­
morphonuclear leukocytes were leaving the vessels very 
much faster than the mononuclear cells# and this obviously 
resulted in an early preponderance of polymorphonuclear 
leukocytes in the tissues# Following the cessation of 
emigration# the polymorphs disappeared rather quickly# 
leaving oehind the persist! mononuclear cell population 
in preponderance# They observed these mononuclear colls 
being transformed to macrophages and then to other cell 
types# the nature of which appeared to be governed by the 
nature of the stimulus employed#

Hurley et al# (1966) reported an early a,id relatively 
brief emigration of polymorphonuclear leukocytes being 
followed by a delayed but far more prolonged emigration of 
mononuclear cells. They labelled the blood leukocytes by 
repeated intravenous infections of colloidal carbon# ond 
they concluded that the mononuclear cells present in the 
later stages of the reaction were of a haeoatogonous origin#
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Following the injections of a living suspension of 
Klebsiella pneumoniao* they ooservod a passive prolonged 
emigration of polymorphonuclear leukocytes, but no 
detectable escape of mononuclear cells was noted a .ring 
the first twenty-four hours* Harley and ills co« workers 
finally concluded taac tne pattern of response to t-no 
various stimuli used during tneir experiments was 
consistent with the hypothesis t*iat the two types of 
leukocytes under discussion migrate indeponiontly, and the 
results obtained, suggested tint a separate mecuanxon m a t 
c ontrol the emigration of each typo of coll,

Williams ani n?alt~rs (1ib3) made observations on tne 
emigration of leukocytes an! stated thst c ioi o wuo u 
temporary inhibition of the emigration of leukoo,# t ia cnat 
exhibited intravascular phagocytosis. It xs poatoibXo tnuc 
tne Diphasic rospc .3c oosorved by these authors nay nave 
merely boon the result of a temporary xnmoifclon in the 
emigration of tne carbon loaded mononuclear leukocytes, 
whilst the unlabellod neutrophils were aole to osu^rate in 
their usual numbers and without delay*

1,0* Origin of the mononuclear colls found in tho infla­
mmatory exudate and their transformation to aaaroohagea 
and other cell types

There appears to be a general agreement on the
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haeaatogenous origin of the polymorphonuclear colic, as 
such cells arc only found la the blood and the haoaopoiotxc 
tissues, under physiological conditions# The presence of 
these cells in tissues was naturally taken to indicate the 
passage of these cells from the olood to the tissues#

The origin of the mononuclear element, however, in 
the inflammatory exudate has been deoated for the last 
hundred and fifty years or so# In summary, it appears today, 
that there are two schools of thought abort this subject#
Even though the concept a of monocytic and lymphocytic origin 
were widely debated, it 13 now more or less agreed that 
the macrophages have their histogenesis from the monocytes.

ftetchnikoff (1903) made tne first detailed study of 
the large mononuclear elements of the blood and fixed tissue 
phagocytes, and ha grouped tnese two typos togetnor, a» 
functionally similar, and gave them the collective name of 
"macrophages1* • Awrorow and Timofejewskij (191 A) are reported 
by Ebert and Florey (1939) to ha the first to have 
demonstrated, in tissue culture, that macrophages and giant 
cells could be derived from calls in the blood# Garrel 
and Ebeiing (1922 and 1926) cultured the buffy coat of the 
avian blood, and found that after an interval of a ’week 
there developed a pure strain of mononuclear cells#

31



Ebert and Flore/ (1939) provided direct a d, indis­
putable evidence as regards tie monocytic origin of macro- 
phages xn inflammation#

Paa and Spector (1362;, following their st :dy of the 
inflamlatory reaction induced by injections of maor©mole­
cules, concluded t lafc tne mononuclear elements in tne 
lesions were derived from blood mononuclears tnat have 
emigrated oonsurre.itly witn polymorphonuclear leukocytes 
but tnoy did not at that tlma decide which typo of haama- 
togonoos mononuclear cell was involved in this transfer- 
nation*

Rebuck et al* (1364) following newer oonCwj&o of 
small lymphocyte perxpheraliaation and recirculation 
through the lymphocyta-foralng tissues, and electron micro­
scope studies of the lymphocyte uitrastruciure, *ave 
reopened tho question of lymphocytic "modulation*« Tn@y 
mva described such modulation of individual small blood 
lymphocytes to histiocytes m  human skin window studies*

Spector et al* (136p) carried out a valuable and 
critical work on the nature of the cells that mgr ace from 
the vessels to give rise So the mononucljar calls of 
inflaamat yry exudates* From their results t ioy concluded 
that almost all the mononuclear colls in the o::jda„a muse
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have bean derived from the monocyte type of cell from tae 
blood, as they nave noted that tne percentage of labelled 
mononuclear colls in tne exu&afce corresponded to that of 
tho labelled monocytes ia the circulating blood prior to 
the xn^accion of tne irritant,

Spactor and Coots (1j5p) carrlad out a sxaxxar exoari- 
aant to that of Spec fear at al* (1963) » but in tills case 
they used pjraxfin oil instead of £lorxnogon as «ao infla­
mmatory stimulus*

From this oxporJjoantal s/atom they demoted t mt 
almost all macrophages, ©pitnelioid cells, and the occasional 
giant cell of tills type of r«? iction were derived from 
cells corrcspo jdlng to the circulating monocyte Tneir 
results obtained from initial stages of Inflammation 
confirmed the previous observations as regards bhp 
rt monocytic ’ origin of tie mononuoloar colls propont xn tno 
earlier hours of the reaction. Tney ooservod tnat following 
this stage tnere is aitotic proliferation, first of cells 
in vessel walls, then of histiocytes aid Qacroph-%300. 2aa 
histiocytic proliferation was observed to par am*; for 
twelve woeks or more* uni tua dividing cells were observed 
to have been derived from blood monocytes which however 
did not show mitotic activity until taey acquired cha 
characteristics of histiocytes or macrophages* Tno persist** 
ance of the lesion was considered to be mainly duo to the
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sustained proliferation and fur tier emigration of uaemato- 
genous olemeucs.

Specter and Lykae (1 366) , in a siudy of tao cellular 
evolution of inflammatory granulouata, employed a similar 
techniq. ae to tnat used by Spector efe al. (1963)* As 
their inflammatory stimulus the/ used Freund* s cuj-vant* 
and their aim was to elucidate tne events aft.r tha 
first two or three day3, in which time it was sh^/a 
previously by Spector and Coooe (i960) taac virtuall/ all 
the mononuclears xn tne earliest interval ./are of a 
"monoc/toxd" origin*

Hair (1373) observed tnat laonooytoid anils wore seen 
to unaer^o alteration to fora macrophages, apl^iolioid 
cells ana giant cells* Ho presumed ta&t epithelioid cells 
originated from macrophages which have cornple <,ely ungraded 
ingested material or from those which wore not *rj?oIvt-d in 
pnagoc/cosis.

Throughout the last fifty or so years a lar^o amount 
of exporiaencal work nas appeared m  the literature with 
regards to the possible transformation of small lymphocytes 
to macrophages a d  oth^r types of cells, both in vivo and 
in vitro* In tissue culture stadias alone, a cosal of 
over thirty different investigators were convinced tuat 
atleaat some if not all of the maoropnages chat appeared 
in tissue cultures of blood or lymph have developed from 
small lymphocytes# But doubts have been expressed as to



whether these cells which were originally identifies as 
lyaphocyces ware in actual fact, lymphocytes or nut,
1,9, Transformation of lymphocytes to plasma ooila

It i*as noted fcaofc xn certain graft versus hoot react­
ions lymphocytes differentiated into large cells w„*n 
pyrininophilie cytoplasm in fens lymphoid tissue of tne 
recipient animal (Gouans et al. 1951), Porter and Cooper 
(1962) injected thymidine laoalled thoracic duct 1/mpno* 
cytes from an inbred strain of rats into recipient rats 
of different strain. In this way tney were able to trace 
the labelled lymphocytes in the cortex of tne lymph nodes 
and in the Peyers patejos of the recipient animal, Tney 
noted bnut within 24 hours tne isotope which was previously 
present in tne inoculated cells appeared in a number of 
large pyrminophilic cells and they concluded that at 
least a portion of th® inoculated cells nod transfer aod 
into tnase colls, many of which appeared to be capable 
of division, Nossal and Makeda (19b2) immunised rats with 
Salmonella flagellar anngen and four weeks later a 
onallenglng dose of the antigen was ad.airustered# A single 
dose of tritiatcd thymidine was given to theso a ilmals 
two hour3 prior to the challenging dose of the antigen in 
order to label the cells exhibiting D M  reduplication in 
the lyraphnodo* This experimental system showed t.*at at 
least 95$ of plasma cells ware labelled and t ioy concluded 
that plasma colls were derived fro a small lymphocytes which



were ds.vxda.qg* According to llovat and Fernando (1Jo3) 
a i/ell recognised feature of immune response is tie 
presence of blast cells* They oaoerved an increase in 
the nuaoer of plasma cells in tne lymphnodos draining 
tho site of antigen administration and it was poo tula feed 
that antigen recognising lymphocytes are stimulated by 
antigen to undergo transformation into blast cello that 
divide, proliferate and differentiate into plasma colls.
This was supported by direct evidence tha-c shewed morpho­
logic intoraetion between lymphocytes with littlo or no 
endoplasmic reticulum, blast colls with increasing 
amounts of endoplasmic reticulum and cell types of plasma 
cells with abundant amounts of ezidoplasmic reticulum.
Cooper and Lawton (1y?4) observed that B cell different­
iated into plasma cells after induction of specific 
antibody respo tsq by antigen* It was oo icluded that stem 
cell differentiation into B cells was antigen independent 
wnareas 3 coll differentiation into plasma colls was antigen 
dependent. In birds B cell differentiation ta&os place 
in the Bursa of Faftricius and T cell differentiation in 
che thymus. In mammals B cell differentiation toisos place 
oy differentiation of stem cell in the liver or bone 
marrow (Covan et al. (19/4).

Noe sal at al. (197?) observed that within five to seven
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days after immunisation plasma coils appeared in cixo 
gorminal centre and medullary cords of tne lymph nodes*

Contour and Boyes (1977) pointed out that stoo cells 
from tne bona marrow got differentiated in the tn/nus and 
T lymphocytes and tney acquired antigens like Tny cud 
T1 antigens. The T colls were fouift to recognise hlgner 
immunologic determinants whereas B cells were found to 
recognise amallsr determinants such as haptens and vno 
macrophages wore found to cooporate uita T and 3 lympho­
cytes.

ftats (19/3) employing phytotaifcogons studied the 
blast formation in macropnagss and lymphocytes and concluded 
that macrophages processes tho antigen non-spocificelly 
but make the antigen mare palafeaale for the £ cell. The 
T cull then presents the antigen to tno precursors of 
plasma cells* Tne B coll was then stimulated to divide 
and differentiate into specific antibody producing plasma 
colls*

Induction of antibody formation was aaaociutua with 
hyperplasia of follicles an! plasma call production from 
the 3 cells lSellt 1930).
1*9*3• Lymphocyte^and Fibroplasia

The close proximity of fibroblasts at tne inflammatory
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si to has intrigued investigators for decades* As 
inflammatory process progresses fibroblasts becoaos evident. 
Leibovich and Ross (19/3) depleted experimental animals 
of macrophages oy ^resting tnem ajacessaticaiiy \jldi 
hydrocortisone and locally wish antioiacrophage aerun* This 
resulted in delay in woaai healing and retardation of 
Cxbroplaaiflu A iympnokine called fibroblast activuUng 
factor was produced by sensitised guinea pig f cells 
(tf&hlfkfi^/d)* The in vifcro effects of lymphocytes ana 
naeroonage mediators of fibroolas ts suggested that 
lymphocytes and macrophages might initiate fibroplasia 
and induce fibrosis associated with inflammatory -cion 
(tfahl and Jahl* 1JS3)* Taukamoto and Johl (1983) ougges ted 
that the lymphocyte through macrophage may elicit nix 
influx of fibroblasts into an Inflammatory sate dv release 
of soluble movuators* During the list decade large number 
of soluble products from stimulated lymphocytes h-vo been 
described sucn as ^aoropuage migration inhi bi cion factor, 
mitageme factor, leucocyte migration inhibition factor, 
colony stimulating activity factor, vaso pormo ability 
factor, interferon etc* (Schools et al, 1331)*

1 *9*4* Mast..cellaMand basophils

Although in the literature there is a largo amount of 
information concerning most of the leukocytes, thoro appears
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to be very little concerning the properties and functions 
oi the blood oasopnil. An anoraoas amount of inforsfcion 
however is available on the tissue counterpart of this cell* 
the mast cell* Tho lack of interest j .a and exp Inoitatloi 
on tne blood basophil may lie on tne fact tnafc it is 
present in very small numbers only in tho blood of 110 usual 
experimental animals and nan, and also because it is not 
easily identified In routine haemtoxylm and oa&ai prepa­
rations of tissues.

Despite tne fact that oio mast cell fiidt, described 
by Lhlnch m  1<J77 the existing knowledge of its not *re and 
function is far from complete.

The invididuality of the blood oasophil and tno 
tissue mast coll arad their different mode of origins in tho 
mammalian species are now well recognised.

I t  i s  g e n e r a l ly  a g re e d  t ia t  f i x e d  u n d i f fo r c  i l l  *xod 

mesenchymal c o l l s  fo rm  th e  c h i e f  sou rce  o f  n a s i  c a l l s ,  I t  

w as a l s o  o b se rv e d  th a t  mast c o l l s  can and do 1 ic ro ase  by  

m ito s is  and i t  has been  c o n c lu s iv e ly  demons urnxod t ^ a t  

t r i t i a t e d  thym id ine  becomes in c o rp o ra te d  in t o  tn o  n u c leu s  o f 

mast c e l l s ,  p a r t i c u la r ly  so  m  young an im a ls  C?alpw 8r, 13o1; •

It is now also well estaolisned tnat both oacopin Is 
and mast cells contain tho salphated mucopolysacc laride, 
heparin and in addition histamine and 5-friT, altiougn the
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latter may not be p-asoat 1 n ai0ni£iGant oncuiuc a - the 
mast cells of several species e.j. guinea pig, dec, aan, 
rabbit, cow and cat* rlo^cn et ai» (1959), aaployi’Tg the 
fractionation ~ separation procedure, nave aliour, tnat all 
those 3U»atano?s mentioned above are to oe found w„. Inin 
the granules seen In the cytoplasm of the must Ci.ll*

During the course of the last seventy years or 00 

the raost cell has ooon credited w~tn a number of functions, 
both in health and in disease. Some of these have now 
been established beyond reasonable doubt, but 0tiera nay 
still to oe proven* In raata-aals the known functions of 
these cells can be listed aa follows:

3* Jncre me capillax/ parne^oility*
2* i.uai[.CJ phagocytosis#
5- Ilainuonar ce of proper fluidity*
4. Stimulation of fibrous repair#

The presence of blood basophils in infloaautoi'y 
exudaies nag oeea nocad upon rare occasions*

Plimplaa { '19*0) described a biphasic mijratj.ou of 
Dasooiiils into the subcutaneous tissues of 00th g d.nau pigs 
and rabbits, at 45 minutes and a^in at eignt to tea days 
fallowing tho local infection of vcatricalln, a defatted 
porcino gastric tissue preparation.
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Florey (1962) expressed the opinion that tho basophil 
may possibly participate with the mast cell in anaphylactic 
reactions. Rebuckp et al* (1963) using the skin window 
technique and an antigenic stimulus (diptheria toxoid), 
studied the response in two groups of human patients* one 
group suffering from ulcerative colitis and the otnor from 
interstitial cystitis* The large majority of those cases 
exhibited an increased basophilic emigration to tho test 
lesions* Siraganian et al. (1973) observed that mast cells 
ani basophils bear specifio receptors for 1gS and bridging 
of cell-bound 1gS antibody molecules by aultivalent antigen 
induces the release of variety of chemical mediators in 
inflammatory reaction*
1 *9.5* Factors influenciag chronioity i of iInflammation

Florey (1952) stated that there are a number of 
conditio is in which inflammation is not characterised by the 
exudation of fluid aai the accumulation of polymorphs* 
signs of the acute Inflammation, but are marked by the 
presence of Galls particularly of the mononuclear type* i.e. 
macrophages and lymphocytes* This latter type of lesion 
is the one associated with ’'chronic infiaamatlon*’.

Spector (1967) caressed the opinion tnat the determi­
nation of chronic!ty in an inflammatory process can be made
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at about forty-eight hours from lbs inifeiation. Ho seated 
boat if by this time interval tnere is no definite o,ilarge- 
sjent of the mononuclear cells and no indication of hHA. 
synthesis, chronicity can be excluded from the lutaro course 
of tne lesion, but he emphasised tnat the converse need 
not necessarily oe true*

Spector et al. (1958) noted that proliferation 
-amongst th e  m ononuclear cello of an inflammatory oxudato 
cann ot do tagon as indication of c ironicity. Tney o jservod 
t  mt tho  chronicity o f  a  l e s i o n  i s  r e la t e d  to  tho persistence 
of tho stimulus and that chronic inflammation v/ao only 
fo u n d  in the presence of intracytoplasaic i r r i t a i a #  Poagoc/to 
s i s e  r of i r r i t a n t  and mitutic division w ere  se ld o m ^if 
ever, exhibited by th e  samo coll# Their results a l s o  revealed 
that th e  quantify o f  th e  irritant p re s e n t  in t le l e s i o n  

may be very small relative to che size of tno roac hion and, 

they expressed th e  opinion t h a t  this later o b s e rv a t io n  may 
help to explain che difficulty of demo istrating infective 
a g e n ts  i n  c e r t a in  chronic inflammatory l e s i o n s  o f  ooscure 
o r i g in .

Spector and He son (1j69), attempted to i xv^otigate 
tho possibility that immune complexes could produce granule- 
mata in the shin of tno rat.

Their results indicated tnat granulomata o c c u r re d  

who a the "isuaune complex'’ contained an e x c e s s  of antibody
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which presunaoly rendered tho complex "1adages >iblG" <> 
tfhea antxgon wis present in excess no granaiQ-aatcua leal ana 
were seen, 3ru»/coll al. (1 j, 0) induced aoa-xaaunol agio al 
granulomaba with bentonite In guinea p~,g3. Lay aiid Slajtson 
(1332) Induced pulmonary granuloma in calves* Observat­
ions ware m-d© from 24 hears to 3D days. Initially they 
©aservod multifocal vasculitis and exudative pneumonia 
and a granuloma was seen by seven days*

a-Inflammatory reaeonaG in chicken

a.f* Hetorqohils
Like the namtoals, birds h-ve three granular leukocytes; 

the heterophil, eosinophil and basophil* The last two 
correspond ua.th these of die namnal and are so nhaGd oecau.se 
of tie affinity of their specific cytoplasmic granules for 
either acidic dyes (eosinophils), or basic dyes (oasophils). 
In mammals the term "neutrophil" refers bo tne staining 
properties of tne cytoplasmic granules of this coll while 
its counterpart in the lower vertebra bos and birds, tne 
heterophil (Lucas and Jamroz, 13p1), is so naned baoa isa of 
the great diversity in staining reactions exhioitod oy the 
specific granules of homologous cells amongst the various 
classes of lower vertocrates (Kyes, 1929) * the specific 
granules of vhe hetcropnils of the fowl are rod or cluo 
shaped and strongly eosinophilic*
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Hirsch (1362) reported on the pnagoc/tic activities 
of chicken granoloaytos and described the engolfmenfe by 
them of Bacillus megateriua and zymosan grannies* Gliok 
at al, (1964) observed that chicken heterophils exhibited 
phagocytosis of Btaohvlococcus aureus organisms ijj vitro 
hut they noted however* that only 3Q.5 of these coils 
engulfed the organism*

A nuaher of workers have in the past carried out 
experimental studies on the histochemistry of avain net©** 
rophils# Herkal and Mora (1962) reported the presence of 
either no activity or a very weak one of alkaline or acid 
Phosphatase in chicken heterophils* Atwal and McFarland 
(1966) observed that the heterophil granules of dbe 
Japanese quail specifically lack lysosoae enzymes such 
as acid phosphatase* acid nboaucleaae and acid deoxyribo­
nuclease, Opie and Barker (1967) reported that they were 
not able to demonstrate proteolytic enzymes in chicken 
leukocytes*

It ssorn possible that the reported lack of enzymatic 
activity of avian heterophils could account for tho absence 
of fluid pus in tills species, Nair (1973) described the 
ultrastructuro of the heterophil and described largo dense 
granules* assail dsns© granules and light granules*
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epithelioid and giant cell3

la avian blood smears stained with Leishaaa* s stain 
monocytes appear as round cells with an oval or reniform 
nucleus placed somewhat eccentrically surrounded by a 
moderate amount of basophilic cytoplasm* The chromatin 
appears in the form of a delicate lacey network and nucleoli 
are not visible (Weiss and Fawcett, 1955)* This coll 
appears to be the most active leukocyte when observed with 
ph^se microscopy, whilst the nateropnil and lymphocyte 
have a rather feeble amoeboid movement (Atwal and licFarland, 
1956).

The transformation of th© avian monocytes to uacra- 
phagea, epithelioid cells and giant cells has been studied 
for over fifty years and indeed most of the early in vitro 
studies of the monocytes were carried out on cells octalued 
from the fowl*

Carrel and Sbaling (1926) compared the characteristics 
and properties of the avian monocyte in vitro with those of 
tissue macrophages from the same species* They wore able 
to observe, photograph, and describe in their tissue Cultures 
the inorease in size and transformation of the blood 
monocytes to cells indistinguishable from tissue macrophages* 
They reached the conclusion that both the blood monocyte
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and tissue macrophages are merely functional variations 
of a single type of coll and that their structure can be 
modified at will by cnanjos in the composition of the 
culture medium.

Weiss and Fawcett (1353) using a more ref_nod tissue 
culture tecimihuo have also commented on the in vitro 
transformation of blood monocytes to macroihagoa, ovithe- 
lioid and giant calls*

The monocytes appear to adhere to the glass of the 
culture vessels early during incucation and assume the 
characteristics of macrophages.

Weiss and Fawcett noted tnat by the third, day of 
incubation the cultured cells appeared to lose their 
amoeboid shape and became flattened out on the glass surface 
and the3© now were referred to us epithelioid cells* Tne 
majority of the multinuclaatod cells in thoir cultures 
appeared to form by coalescence of individual colls although 
there was evidence that some binucleated giant colls do 
arise as a result of division of the nucleus Unaccompanied 
by cleavage of the cytoplasm. They did not however ooserve 
mitosis in colls contain! hg more than two nuclei* In 
their opinion coll crowding and low pd of che medium appear 
to favour the formation of giant cells and in addition the 
presence of foreign matter may also assist their formation
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by providing a nidus around which tbs epithelioid cells 
“cluster* cohere and subse iUently unite'1 *

Sutton and delss (1966) studied oy moans of tno 
electron microscope the sequential transformation xn vitro 
of chicken mo iccytas to macrophages. They expressed she 
opinion that “the multimcleated giant coll is an extra­
ordinary structure and. should not be regarded moral/ as 
a larger coll t xan those which fused to farm itfl. Tho 
unusual foatures of those cells are tho massive accumulation 
of mitochondria, abundant folded cell membrane, largo 
vacuoles and tne absence of lysosomes. Tne coco entration 
of mitochondria aid the exfcensxve folded plasma mcnorane 
suggested to them tnat tnosa cells may iave active tr-nsport 
as their primary function. Like tna osteoclast it may bo 
involved in the movement of calcium in tissues and tnus 
may play a role m  ectopic calcification as for example m  
tub^rcul3si3.

The fane tl an of che monocyte appears to oe tno 
synthesis and storage of lysosomes and its derivatives, 
the macrophages and epithelioid cells, function as phago­
cytes capable of digesting tne disposing of their intake.

3-3. Avian lymfthqeytoa and ̂ ygohoid tissue

A common faaGure of many of the experimental inflammatory
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lesions is th e  presence o f  prominent, focal accent if nsioas 
o f  lysspaoG /teo* d i c i i l  at lymph acy te  accuasu latxoog have b ee n  

ohsorv d by pr vious worses a A  h^ve avfcracted iatercat 
b ec au se  * f t h e i r  p o s s i b l e  r e l a t io n s h i p  t o  le u h o s ta  ted to  

inimoru re ctions*

In tie opinion of Lucas (1349); Lucas and SroJUnayer 
(1943); Lucas aal Oakbcrg (1 59); Lucas and droitaayar 
(1359); Oa&btrg (1950); Bonington and Lucas (1960), all 
lympnoid focx are abnormal.

Most of tne studies on tnose 51 ectopic0 lymphoid foes, 
wore made on tne glandular organa of the domestic fowl 
and to a losses* cxt^ *t on other species as wall. Little 
attention however « s  givoa to the subcutaneous wasue, 
despite the fact t iat th-ir presence in t i u  a  t i s s u e  w as  

reported by several investigators a3 far bach as 1325.
Lucas and Broitaayc? (1950) expressed the opinion that tno 
distribution of lymphoid foci in the dermis can jo consid­
ered as reflecting reacts & to invadi ij organisms. 5?*ose 
dermal lymphoid, foci, according to the same authors, occur 
mostly in tna fact of chleitena, whilst in flying Surds tney 
wore a^at developed at She top of tea© aead a.d close t< the 
anus and in watar fowl they were usually bast deyuXeved near' 
the feather follicles.
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Lucas a»i Broitraayer (1950)# folio /Ing their oa&arvat~
ions of t le lymphoid foci in the pancreas, roucaul who 
concl joion taacfe lymphoid areas can and do mvado a A  destroy 
ad^aoeat tissue. Similar ooservalxous were rep-*, -ed o/
Payne and dreneman (1952) in uis case of lymphoid a. as 
in the pituitary, thyroid# adrenal and sax gla&ius of tia 
dom-afcxc fowl m*i in their view such foci can only oe 
considered as pacholeglcal* Tnes«s structures d Chcc-ed 
ho;ev^r, in morphology a d  origin, from tnexr ma/malxan 
counterparts and perhaps they were only modified portions 
of the wall of tae lymphatic a (Trautmann and Piett-ger # 1 X>2)*

These foci wore tnus found in practically all organs# 
but varied in imounc ana distribution not only aucwuun 
difxercnt species but between individuals of che o-ne 
species as well# a i  if very extensive they were tacn usually 
regarded as pathological (Lucas efc al. 13^4)*

The sita3 for lymohoxd tissue in tne domestic fowl 
ware -she spleen, thymus, bursa of Fabrlcius and intestinal 
tract (Biggs# 1936)* Apart from tnsse sites fcorfovur # taere 
ware others w.iore various quantities of lymphoid tissue 
were ooistantly present* In audition to the s st^a of 
lymphoid nodules which were nor ially associated witn 
lympnatic vessels there were present in jsosg avian species#
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including t .0 domestic fowl (Biggs, 1956), ^ectoulc" lymp­
hoid areas which have boon d e s c r ib e d  i n  co n n e c tiv e  t i s s u e  

and these were often found i n  association /ith blooa vessels#

Lymph nodes as seen in tae mammal were not projont in 
moat avian 3secies (Bigga, 1956), hut paired sir icturas, 
loosely referred to as Hlymph nodes*1, were pres-? «t in the 
cervical a si luubar rogioas of a number of amphibious 
3 iccias, such as the ducis a'id the gooae

3igga (1J57) described the presence of lymphoid foci 
(wauralfJ nodules) m  the walls of the lymphatics and m  
particular those draiiiina the hinl limbs* fh o s e  mural 
nodules appeared to be similar in development aid structure 
to tae paired nodes of tae dues and the goose*

Cook and Simonson (1933) expressed the opinion that 
ectopic lymphoid foci can arise da novo from previously free 
lymphocytes, in response to local infection or irritation 
and do not necessarily derive from cre-exisUng nueSs of 
cells of tie lymphoid series*

Ball a t  a l *  (1 j6 3 ) c o n s id e re d  it possible fc hit a /ide 
v a r i e t y  o f  p a tn o g en ia  microor ganisaa a s  well as t o x i c  d ru gs  

and m e ta b o lit e s  such aa  b ^ l i v e r d i n  can  a l l  p roduce stim u ­

lation of lymphoid foci in organs such a s  the avion l i v e r *

it is clear from this rather orief review of tis
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literature tnafe dospl fee the efforts of a number of workers 
some of tuc controversies concsrnins too lymphoid foci of 
birds mve not as yet been, resolved.

2-*4* gransfor jatioa_Qf uthe Avian Lymphocyte to otlirr^cell
Sacass
Click at al. (1355) described the role of wib bursa 

of Fabrieius, a hind gab lymphoid organ, in too development 
of hum -*rai immunity in fcne chicken*

Cook and Simonson (1 353) injecteu. whole blood from 
pure strain (1; adult; rfhifco Leghorns into newly uatonad 
ohicks of a cross bet / een two highly inbred 1 1a~a of the 
same urced (3 and 1 ) a hi noted enlargement of the spleen 
and ltvar of tne recepients. From their results fcicy 
concluded tmfe fete blood leukocytes or a fraction of them 
wore fully competent to  initiate transplantation Immunity 
ard antibody production# They also expressed tho opinion 
tnat tneae transplanted cells can proliferate and attach to 
the surrounding host cells in situ* Torasaki (1539) 
concluded that the coils referred to by Coe* and Simonson 
as responsible for those events were the s m a ll lymphocytes* 
The graft versus host reaction was indeed tn« s^ao as tut 
described for the mammal in tie previous section. Tnoroacke 
(1959) carried out a histological examination of tho lymphoi
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tissues xm g e m  free chicks* He did not ooservo any germinal 
centres or oiasma cells in fene spleen or intestine of 2 - 6 
week old gorx free birds a hi this \/as in contrast to the 
situation xn the conventional otrds of the co^re ̂ Oiling ago 
groups*

The tnycaus dependent development of lymphoid tissue 
'fas repress nted by cue small lymphocytes of tno Circulation 
^nd tae maoer of saall lymphocytes in the lymphoid 
tissues and was responsible for the ontogenesis of cellular 
immunity* i*e* graft versus host reactions# responds of 
the delayed hypersensitivi sy type of homograft rejection.
In thy poctomised irradxaced chickens tne germinal bun eras, 
plasma colls atid X Toiunoglobulia synthesis remained intact 
(Cooper et at* 135Jbj Aspiaal at al* 1363) *

The bursa dependent oyster was represented mrpholo- 
gxcally by the larger lymphocytes of the germinal centres 
and the plasma cells and functionally by iimuaogldbtilin 
production (Cooper et al * (1i52)s Aspire I et al. (1yS3)#

Cooper ©t al* (USS) referred to tne thymus and burau 
of Fabrioius as oeatral lymphoid organs in tno ehxekon 
essential for tho oncogenic development of adaptive immunity 
in this speoxjs*

Clavson et al* (1w7) studied feho fine strictures of
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the lymphocyte from  *,no bur3a of Fabnciu3 and thymus# 
dost striking o f  the fine structural d -J ff^ re iieoo  ca£ se 
two cjII cyp~s /as in tne cytoplasmiG ribosoaal population 
and distribution. bympnoay 5s s indiselnguiskaolG iron oursul 
lysphoe/tes wore found by then Witan tae splenic jci ainal 
centres# They observe tnat one bursal type of Xy^hcG/ius 
wore undergoing transfor xveion to ^hoaaoc/tobla^ra^ uilca 
w ore  in turn the pro c u rs o rs  o f plasma colls# Tnls evidence 
tended to link the bursal lymphocyte go the plosra coll 
as a single line of cell differs .tiafcion* Clafooi ot ol# 
(1167) observed taat the bursal type of lynphoo/CJS, 
prax)laaoacyte3 acd plasma colls were absent from  t i e  spleens 
of bursectoaised* irradiated, antigen stimulated birds#

It i s  well -Known that the chicken* unlike an a u a ls *  

h a s  no o rg a n is e d  lymphoid t i s s u e  bu t p o s s e s s e s  iuntaod 
numerous e x t r a -v a s c u la r  foci o f  cells of tne lymphoid 
series throughout their body* D u f fa s  and Alim C3y53) 
assumed tnat* *if cellular reactions similar to tnace in 
sheep occur in the chicken following antigenic stimulation* 
the cells involved would 00 cLiafcribased via the circulation 
m  order to propagate a n  iauana response1’# To provo this
tn e o ry  they  immunised c in c x s  w itn  k i l l e d  S a lm o n e lla  

g a l l  m a r  urn o rgan ism s and a t  be ipted  50 d e te c t  tne ty p e  o f  

c e l l s  in v o lv e d  i n  th e  1 auune re sp o n se  a io n g a t  tn e  1 jdk o cy tos  

o f  c i r c u la t in g  b lo o d  by ueans o f  the in aun ocyto -Q Jh  s i  an 

method*

Duff us anOAllan classified the aisraanoeytes!T (cells
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involved m  specific iomnns reaction) which apooorod in
the circulating blood of fehe immunised. c sickens into the 
£o2 1"'Wing tnree categories#

a) Haemocytoblasts, which aade taeir apyjoranco 
ad feer feho first day i/ere In maximal rmoera 
bet1/con the 3 - 5th day and minimal by tao 
7th day,

b) Cells of the plasaacytc sorios# ?rp$eriu from 
too 3rd to tn© 9th day#

c) Cello of tao Xynoaocyser ears os,

They concluded* from the extent of iiamunocyuG- 
adhesion, that cells of the plasmacyte series were the 
more poiont antxboiy producers amongst the imaunoc/teo#
In their opinion the cells of fen® lymphocyte sorics ware 
not actively secrotj.ng haejiaglutinin but nay have joon 
involved j.n cellular xamunity or with inmunolo-iowl memory#

The same authors considered it possible fei "t tno 
extravascular foci of lymphoid tissue in this spocuoa may 
have been involved in antibody production In nddx^xan to 
the spleen where most of the colls of the bursal dpendant 
system are known to rowide,

2’G Thr amboc^tes

In birds the thrombocytes develop as mononuclear colls 
which have a olast stage like that of ofener olood o >lls

54



55

and rem a in  a s  such, th ro u g h o u t t h o i r  l i f e  sp an .

The avxan  throm bocyte  I s  a n  e lo n g a te d  h iv e d  c u l l  

s l ig n fc ly  l a r g e r  t a u n  an  a r y tn r o c y io  w ith  an  o v a l  n u c le u s  

acjd a  cy to p la sm  composed o f  a  f r a a e  j ork wi bh l a r g o  sp ac e s  

(L u c a s  and J a o r o z ,  1 3 6 1 ).

The function of this cell is considered by Lucas 
and. Jamros to be similar to that of the mammalian placelet
I n  h a em o sta s is *

drfPo4v  and C a r ls o n  (> 3 6 3 ) nave a a r r i a a  o u t  ox  o en d ive  

e le c t r o n  m lc ro sco oe  and h i  p tooh eia ica l s t u d ie s  on  th o se  

c e l l s  and r e p o r t e d  t a e  p re sen ce  o f  " ly s o s o m a l l i k e "  

c y to p la s m ic  I n c lu s i o n s ,  g o l g i  c o m p lexes , m itocho  s i r i a  and  

en d o p lasm ic  r e t ic u lu m , a s  w e l l  a s  a c id  p h o sp h a tase  p o s i t i v e  

g r a n u le s .  They sfcacod t  ia t  from  t h o i r  o b s e rv a t io n s  one 

c o u ld  co n c lu d e  t h a t  th e se  c e l l s  a r e  p r o b a b ly  c a p a b le  o f  

c a r r y in g  o u t e x t e n s iv e  s y n th e t ic  a c t i v i t i e s .

C a r ls o n  e t  a l .  (1 3 6 ^ ; ,  f o l l o w in g  f lu o r e s c e n t  .. 

e le c t r o n  m icro scop e  stucL.es on  th e s e  c e l l s ,  r e p o ± ie u  th a t  

th e  c ru ck en  th ro m bocy tes  aavo a  p h a g o c y t ic  a c t i v  ~y a s  

ev id e n c ed  by  t h e i r  a b i l i t y  t o  s e g r e g a t e  v i c a l  dy es  ^ucn  

a s  t r y p a n  b lu e ,  n o u t r^ l  r e d  a d  a c r id in e  o ra n g e  i n  c y to p la sm ic  

v e & lo lo s  and t h e i r  a b i l i t y  to  e n g u l f ,  s e g r e g a t e  an d  d e g ra d e  

s t a p h y lo c o c c a l  o rg a n ism s . I n  a d d i t i o n  th e y  a l s o  s t u d ie d



untreated cells by means of phctse contrast microscopy 
and ncced tho presence of perizucl^ar vacuolos co oiioing 
one or more granules* They ooserved tuat those calls 
over a period of a few minutes to three or four hoars 
gradually assume^a spindle snape and the vacuoles migrate 
alov/ly towards tn© cytoplasmic snemorane mere the/ 
mature ana mhos lioeraie their granules to the exterior 
of the cell* Several new vacuolos were forming at in© 
perinuclear area. This proceos was considered aj Carlson 
and his colleagues as indicating a possible trspUjC/Sic 
function of tne avian mhrombocyte, the significance of 
which is still unknown. Cnang and Hamilton also
made similar conclusion, Awa&hya et al* (1 ISO) Observed 
engulfed caroon. particles in the thrombocytes and confirmed 
phugoc/tic role of cnese cells*

In the lower vertebrates there seems to bo a close 
genetic relationship between the oasophils (mast calls of 
the blood) and those in tho tissues in the sonsa that 
basophils may leave the blood and enter tne tissues imdor 
both physiological and pathological circumstances* Once 
la tne tissues, by means of hypertropny and reduction in 
the size of their granules, they transform into Iu3togenous
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mast cells* A orpnologically the aistojohous mast colls 
resembled those of maaials altnough tney are as a rule 
smaller in slxe and with finer granules* It was possible 
that such a relationship between the blood oagop.ill and 
tne tissue aast cells was present in reptiles and, birds 
as well (dienels, 133i).

They ware normally the same size and sh us tho 
neterophils* Their nucleus was usual] y round to 0701 m  
shape and very rarely indented. Tnia type of huelo is in 
the basophils of lower vertebrates may be iadicao vo of 
its lower position in tae evolutionary scale ("if oh b?g 
133 b)•

In avian blood, basophils were usually loro aburjda.it 
than eoainoohils and on. average form 24 in a differential 
count, although in some species such as tne phaasa •'c they 
may fora upto 10j4 (Lucas and Jamroz ,1 9o i) *

The granules of both the hxstogoaoua and iah. oto­
genous elements ware basophilic and scain .aotaooro 'Oticaiiy 
with motacaro ictic stains suen us Toluxdxno oluo a &  
thxonJ no.

The variaole structure and density of tho granule 
matrix ranging from homogenous and electron dense to 
coarsely partxoula-o and more electron lucid, as well as 
the occurrence of para~cry 3tallino arrays and siyeiia like
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figures were considered as well-known characteristics of 
mast cells and basophilic leucocytes (Flood ani K&'Otger,
1970). <&ghfc (1970) described tha fixe structure of the 
a st cell in chicken* He descrlood coll air face poeudopodia 
which were parallel to the coll surface, diffusely 
distributed ribosomes, a snail golgi complex, and nuaorous 
specific granules of oval or spherical shape which wore 
either electron opaque or less dense with fine granular 
matrix* H© ascribed the varying appearance of the granules 
to the different stages of maturity* Wight and nookenzie 
(1970) observed that the granules of the mast colls of 
the chicken are relatively in soluble in water and they 
contained heparin but taey could not deao ̂ strata histamine 
and other biogenic amines and several enzymes whicn occur 
in mammalian mast cells* Similar features were doacrioed 
for the mast cells, pigeon (Bowers at al. 1931) and ducks 
(Valsala, 1984).
3/1. Experimental stadias on inflammatory reaction in chicken

There has been no study describing the basic changes 
in the inflammatory reaotion in ducks. However, there are 
various reports detailing the inflammatory response in 
chicken.
2.1*1 -Turpentine

Allen (1969) desortoed the cellular response in acute 
inflammatory reaotion in chicken. There was pronounced 
infiltration with heterophils, mononuclear cells and basophils
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during the Initial stages# Lymphoid hyperplasia was 
deteccod in six hours* Carlson and Allen {1359) injected 
trypan D'iue, staphylococcus aureus and bovine aatwa 
albumin into the wing webs of chicken and studied the 
inflaramator/ reaction* Upto 5 houra post injection the 
inflammatory reaction was dominated by exudation of 
iefcerophil calls* The peas of exudation and the fuoot 
acute reaction were at approximately 12 hours pas': 
injection* T h e most numerous calls wore the heterophil 
and a phagocytic mononuclear coll which appeared to develop 
from monoeytes*

Jcrtner and Adams (1971) studied the uitrastruc tural 
features of turpentine induced inflammation* The initial 
response was neterophilic and later tnere won macropaage, 
epithelioid and giant cell reaction# Hair (1973) made a 
detailed light and eioctronmicroscopic study of the 
inflammatory reaction in chloisen employing different agents* 
He studied the inflammatory reaction following tae injection 
of turpentine and described the sequence of onangos tnat 
followed* Thirty minutes after the injection too aemero- 
phiIs and mpnocytoid cells were seen adhering to tna 
endothelium of venules and capillaries. The perivascular 
and intervaacular areas were free from infiltrating cells.
At two hours heterophils and monocytoid colls wars seen
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i n  th a  lum en  and m i l  o f  th e  v e s s e l s  and  i n  p e r i v a s c u l a r  

l o c a t i o n s .  A t  f e a r  h o u rs  t h e s e  c e l l s  w e re  fo u n d  e m ig ra t in g *  

The rum ber o f  h e t e r o p h i l s  w as  m ore th a n  th e  m on oc/to id  c e l l s *  

B a s o p h i l s  u c r o  s e e n  I n  th e  I m c a  an a  o u t s id e  th e  v e s s e l s .  

Many o f  tn e n  nod d e g ran u la< ,e d *  Lym phoid c o l l e c t i o n s  w e re  

o b s e rv e d  I n  t ^ e  lu a e n  o f  •’any  o f  tn e  v e n u le s  an d  a s  s n a i l  

c o l l e c t i o n s  an  th e  p e r iv a s c u la r  l o c a t i o n s .  A t  12 h o u rs  

tha ly m ph o id  f o c i  oeoana v e r y  p rom in en t* A t  15 h o u rs  g i a n t  

c e l l s  w ere  s e e n *  A t  24 h o u rs  i n t o n a i  ty o f  e m ig ra t io n  o f  

h e t e r o p h i l s  d im in is h e d  and many h e t e r o o n i l s  w e re  a o o r o t ic *  

The lym pho id  f o c i  a ro u n d  th e  v e n u le s  w e re  hum orous and s u a a  

v a s e s  Lg showed e n la r g e d  a n d o t n o l ia l  c e l l s *  A round  ta e  

v e s s e l s  t h e r e  m s  o l i y . t  p i o i l  fa r<auton  o f  r e t i c u lo e n d o ­

t h e l i a l  c e l l s .  A t  v , o  d a y s  a ro u n d  una n e c r o t i c  a r e a s  

aa c ro p n a _Ye s  fo r c e d  a  r im  and appeared , t o  fo rm  a  s y n c it iu s u  

T h e  g a a n »  o e l l a  w o re  se e n  a r r a n g e d  i n  a  p a l i s a d e  f a s i i i o n .  

P e n v u s e  i l a r  ly m p n o -d  a g g r e g a t io n  was p ro m in en t. * t  in r o e  

d a y s  p * i  a  m an tle  o f  g i a n t  c a l l s  w e re  s e e n  a ro u n d  th o  

n e c r o t i c  a i  c a ,  Tnc lym ph o id  c e l l s  snowed ten den cy  t o  s p r e a d  

o a t  i n t o  s u ir o u n d in g  a r e a s *  A t  f i v e  d a y s  p.a. b h 'y v  ms 
g ro w th  o f  g r a n u l a t i o n  t i s s u e  i n t o  uhe n e c r o t i c  euqu.* A t  

3 8 ven  d a y s  p . l ,  u til a f t e r ,  g r a n u la t i o n  t i s s u e  fo r a u c io n  w as  

y ro .i in o n t *  I n  many l o c a t i o n s  tn e  lym pho id  n o d u le s  w e re  

fo u n d  c i r c u m s c r ib e d .  A t  14 d a y s  p . i ,  tn e  n e c r o t i c  a r e a s  

tf©ra c a m p le ic lv  r e p la c e d  by  g r a n u la t i o n  t i s s u e *  h a n y
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lymphoid nodules still persisted. By oatoradxographic 
stadias it was demons fcrated that epithelioid cells origi­
nated from aaoropaagcs. The cells m  the lymphoid 
nodules were heterogenous. Cells with tao morphology of 
thymic lymphocytes and bursa type lymphocytes wore seen 
along w*th aany colls showing olastoid transfer Atxon* 
Transitional stages from the blast cells to plasma cells 
v/ere oossrved. The transf or ation to mature plasma cells 
was characterised by reduction in tne free nboso ios and 
an increase in the rough surfaced endoplasmic rocxculum 
which almost filled the cytoplasm of the nature plasma cell.

Awadhya at al, (1330) studied tne inflammatory reaction 
m  chichen using mesentery as the tost system ail turpen­
tine as the inflammation inducing agent. It was documented 
that heterophils and monocytes emigretod concurrently* 
Participation of basophils was also demojEfcrated. A bxphasxc 
pattern of vascular permeability was charactericod by an 
immediate transient reacvion and a delayed more orolonged 
response. The increased permeability was confined to 
venules. Awadhya ec al. (1ji1) while studying tho infla­
mmatory reaction following thermal injury observed that 
there was concurrent emigration of heterophils and nonocytos. 
Basophilic response, giuat cell formation and perivascular 
lymphoid foci were seen in turpentine induced influ iution.
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2-HA-Stagh^lococGi^mir©U3
Carlson (1972) described tne inflammatory response 

in chichea caused by S* aureus* The inflammation, was 
dominated by an exudation of heterophils, mononuclear 
sells and basophils* The most characteristic observat­
ion was the appearance of lymphoid hyperplasia as early 
as six hoars post infection, increasing in intensity until 
at 36 hours* Nair (1973) observed that by thirty eiinutoa 
the heterophils were adhering to the endothelium of the 
capillaries and venules* At one hour aonocytoid colls 
and heterophils were seen in the perivascular area.

At 24 hoars both in the intervascular area and 
perivascular area there was predominance of heterophils*
The heterophils hod accumulated in. large numbers around 
the inoculum and many of these cells were degenorouod and 
necrotic. Basophils were seen within the small vessels 
and in small numbers in the perivascular areas from the 
third hour on/ards* Proa six hours lymphocytes wore seen 
within the lumen^in the wall and around many venules. 
Proliferation of reticuloendothelial cells was soon around 
these vessels from 24 hours p*i* By 48 hours numerous 
macrophages and giant cells formed a rim around the lesion* 
Four hours aft^r tne infection toe heterophils around the 
inoculum had become completely necrotic* The lymphoid colls
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ware seen spreading out* Immature and manure plasma cells 
ware found within the secondary lymphoid nodules and else­
where* By the 6th day p*i. heterophils were more or less 
absent in the intervascular area# A continuous sono of 
giant cells surrounded the necrotic zone ard around these 
were lymphocytes macrophages and fibroblasts# tlore peri­
pherally the granulation tissue was seen and It contained 
many lymphocytes and macropaagas* The perivascular 
lymphoid foci were reduced m  size* By seven days after 
infection the m m  of giant cells around the inoculum began 
to breafc down with the ingrowth of proliferating granulation 
tissue* At 10 days the lesion had regressed ard twre was 
moderate fibrosis with occasional islands of lymphocytes*

2 *1*3 Freund* s complete adjuvant

Sfair (1973) studied the ticnue response following 
injection of Freund* s couple e adjuvant and described the 
sequence of changes* At four hours there was heavy 
exudation of heterophils* Basophils wero seen froa the 
fourth hour byt they wore few in number* She transient 
predominance of heterophils in the intervascular area was 
replaced by that of mononuclear leucocytes* by 24 hours*
At 43 hoars ninety par cent of the cells in the intervasoalar 
area were monocytoid cells# Droplets of inoculum rnve
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surrounded by concentrically arranged monocytic epithelioid 
cells and fibroblasts* The lymphocytic emigration was seen 
from fche eighth hour* At first they appeared as small 
perivascular caffs but from 48 hours they spread out* After 
the fourth day plasma cells also made their appearance* On 
the third day a second wavs of emigration of heterophils 
was seen* Many small vessels were filled with heterophils 
and few monocytes* Tn© recurrent waves of emigration were 
seen upto the 12th day. After two weoxs the granuloma 
eoofeaunad numerous epithelioid cell collections surrounded 
oy cellular sons of macrophages, giant cells, lymphocytes 
and plasma cells*

2-1 -Ulextran sulphate
Nair (1973) studied the sequence of inflammatory 

response following the injection of dextran sulphate la 
Ghichea* By one hour the endothelium of the venule wag 
lined by tne aonoc/toid cells and heterophils and an occas­
ional cell was seen emigrating* By six hours large nuaoers 
of heterophils and moaoc/toid cell3 were seen perivascu- 
larly# Both the mononuclear cells and heterophils 
emigrated concurrently# There was evidence of transfor­
mation of monocytoid cells with the blood maaocyoe into 
typical macrophages wi&h enlarged acidophilic cyOoplasm*
At about the 16th hour the monocytic cell formed 60 to 70
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per cant of the soils in the iaterva scalar uraa# la 
taul/Une blue staled sections almost all cells wore 
seen to have iages^ed doxtraa sulphate# At 24 ho ire giant 
cells were seen and the heterophils .in the intervascular 
area hod decline! in mnber# Collections of lyraphocytes 
were present near tno vessels and by 43 hour® amorous 
lymphoid foci were present* 3/ day four the heterophils 
had conple ̂oly disappeared ani the inflamed area consisted 
of round or spindle shaped macrophages# Proliferation of 
reticuloendothelial cells was seen around the vessels* 
FibrOXastic proliferation was insignificant* By seven 
days only the well oriented macrophages along with very 
few fibroblasts were seen# The lymphoid foci were seen 
surrounded by a narrow zone of granulation tissue#

2 ^h5. Talcum
Hair (1973) studied the inflammatory response fey 

injecting talcum# Tne early cellular response wan similar 
to the reaction induced by de^irun aulphaw* After 24 
hours &ha intervascular oxudauo ggoaxsted of $on,c/tcad 
cells with an admixture of normal aad necrotic Letaophils# 
At 43 hours tho heterophils were scanty# Away from the 
inoculum there were numerous well developed macrGpuugcs 
and few Ls&orophils* In places waerc talcum was pi osont

65



there was mainly a giant cell reaction. Presence of 
giant cells of various si^es with numerous nuclei noscly 
arranged in tne periphery and co staining crysoais of talc 
was the common finding the granuloma. There was massive 
nocrosis with the inoculum admixed w*th nocrotic material 
and fibrin. This necrotic mass \ma surrounded oy a rim 
of heterophils. By four days there wore many gian^ cells.
At day seven, baa granuloma consisted of mainly giant 
cells and all of theta were containing crystals of talo*
The granuloma became encapsulated by fibroblasts by this 
time. By the tenfcn day tne reaotioa site was completely 
encapsulated.

2 /7« 6.Fi br lirê en

Nair (1973) studied tho cellular response to fibrinogen 
and stated tnat the cellular response to £ibrlno0oi during 
the first 24 hours was almost similar to that soon, after 
Inaction of turpentine. After 24 hours numerous giant 
colls were seen around tne inoculum. By seven days most 
of the heterophils nad disappeared and large macrophages 
with eccentric nucleus were common* Perivascular lymphoid 
accumulation was seen at 24 ho irs. At four days many of 
these had fused to result in large sheets of lynphoid cells. 
Occasionally snail secondary nodules containing large 
lymphoid cells were soon.
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2.1/] Agcaris^au^^a^^Toxqc^ra^canis

Nair (1973) studied the cellular response to iaesero- 
genous motaaoan parasites in the chicken* No basic differ­
ence was noticed between A* auum and 7* cams larvae# The 
changes observed were the same as that seen with other agents 
during the first 23 hours p.i* Tna larvae were surrounded 
by a mass of ceils consisting mainly of aacropnagas, 
heteropnils and giant cells* At 24 hours promi v  it collect­
ions of lymphoid cells were seen* At four days necrotic 
changes wore noticed in loca-cions wnere tho parasites wore 
located* The necrotic mass was surrounded by muitimcleafcad 
giant cells and around these a tone of fibroblasts was seen. 
Perivascular lymphoid foci weter characteristic* From the 
fourth day there was marked redaction in the number of 
heterophils and by tenth day marked fibroplasia was evident. 
At fifteen days the reaction was characterised by remnants 
of parasites, giant cells, few macrophages, fibroblasts 
and plasm calls. There was no evidence of any eosinophilic 
reaction at any stage of the reaction.

§£flj&g9%mcglls

Toth and Norcross (1931) inoculated young duckling 
with chicken blood cells intravenously. Breeder ducks 
were inoculated twice with an increased dose of chicken



RBC* The yoimg ducklings aid tae breeders responded with 
very low tltres to chicken RBC and sieep RBC.

\

2-/1 *3* J'̂ ger sensitivity jr ouctions

Luoaa and Benedict (1977) studied -che chanjos in 
reversed passive anaphylactic reaction in chickea and observed 
that heterophils were tne earli»st infiltrating cells. 
Dhodaj&ar at ai# (1331) studied the reaction and doc ament ed 
concurrent emigra-sion o f  m onocytes and basophils fo l lo w in g  

heterophilic reaction. By twelve hour3 perivascular 
lymphoid ag pagations wore seen. 3y 48 to 72 hours thoy 
observed fibroblastic proliferation. They suggested tnat 
early emigration of heterophils and monocytald c a l l s  and 
participation of oasophils were oharactanstic features 
of acute inflammatory reaction* jyioxwrell aid Barns (1932) 
by giving multiple intra-pentoneal injections o f  norse 
serum to chicken induced sensitisation and this ±'rxiueo& 
eosinophilic response*

2-11 oDynamlcs of cellular Involve aent

Nair (1973) o o se rved  that adherence o f  le u c o c y te s  was 
seen in venules and occasionally in c a p i l l a r i e s  and this Was 

noticed indpondent o f  the irritants employed* But the 
intensity and onset of emigration of leucocytes varied 
with the irritants used, tfifcn tu rp e n t in e  e m ig ra t io n  was
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observed by 30 minntoa p*i* and with talcum it did not 
become pronounced. until about 4 to 6 hours# Dorxi^ early 
phase of Inflaaoiation heterophils emigrated. Th*? hetero­
phils was shown to have greater mobility than moooc/toid 
cells* The noterophils disappeared soon hut there were 
fresh waves of migration of sells*

The majority of monocytoid calls present wn.S shown 
to have characters of blood monocytes* They wero socn to 
change into macrophages* Xne macrophages were shs-m to 
be efficient phagocytes# Iha epithelioid cells wore* 
doao narrated to originate from large undifferentiated 
mononuclear calls# From seqtuentxal studies it was concluded 
that giant cells were formed by the fusion of macrophages# 
The giant colls were shown to be capable of ingesting a 
variety of particulate matter*

The lymphocytes were seen emigrating by about six 
hours and secondary lymphoid nodules were observed when 
immunogenic agents were used* The lymphoid foci formed was 
seen to spread to surrounding area by about 5 to 5 days*
This feature was not observed with daxtroa sulphate and 
it was c occluded fcnat sulphatod polyaacchride Hiss doxtran 
sulphate could inhibit this# The secondary lymphoid 
nodules seen were considered anatomical parallel to germinal 
centres in the spleen* Plasma cells were seen by 2 to 3
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days* The p la sm a  c a l l  l i n o s  w are  a s s o c ia t e d  w ith  

p r o l i f e r a t i n g  r e t i e u lo  e n d o t h e l ia l  c e l l s *

I n  th e  in v e s t i g a t i o n  conducted by H a ir  (13 7 3 ) I n  

c h ic k e n  b a s o p h i l i c  e m ig ra t io n  was seen  I n  a l l  t y p »a  ox 

in flam m ato ry  r e a c t io n s  induced  by d i f f e r e n t  ager^o# But  

th e  re sp o n se  was more when -curoent m e and o r  bov'ino  

f i b r in o g e n  was used* The a r r e s t  o f  lym phocytes an  Uua 

a re a  o f  In flam m atory  r e a c t io n  was s u g g e ste d  to he due t o  

l i b e r a t i o n  o f  h e p a r in  by b a s o p h i ls  a t  t i e  s i t e  cC r ^ a o t iu n .  

T here was no in vo lvem en t o f  e o s in o p h i ls  i n  any o f  die 
in flam m a to ry  r e a c t io n s *  T h e re fo re  i t  was su g ge sted  t t C i  

ch ick en  e o s in o p h i l  nay not have th e  same fu n c t io n  a s  th a t  

o f  th e  mam m i la n  e o s in o p h i ls *

F i b r o p la s i a  was re c o rd e d  by  H a ir  (1 3 7 3 ) by  3 t o  3 

days* The o n ly  in s t a n c e  i n  wfcicn f l u r a p l a s i a  w as h a t  

recorded w as associated w ith  in flam m a tio n  induced  j y  

d e x t r a n  su lp h a  to* T r a n s i t io n a l  s ta g e s  from  tho b l^ u t  cell 
to  m ature plasma c e l l  was Observed* The fc ran o fo ro a tion 
was c h a r a c t e r is e d  by  r e d a c t io n  in .  f r e e  r lb o s o a o a  and an  

increase m  th e  rough surfaced endoplasmic reticulum*

3 .Duck plague

The d i s e a s e  w as  f i r s t  r e p o r t e d  in  a  com m ercial f l o c k

on th e  e a s t  c o a s t  o f  d n ite d  S t a t e s  and w as d e s ign ;) «od  a s
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Buck Virus Enteritis* The disease nag oaen subaoauontly 
reported from China, dalgium, Franco, Ketnerlands and I nix i* 
Duck plague was first reported from Netherlands ly Jansen 
arxi Kaust (1 943). Jansen (1 361) gave a detailed account 
of the disease. In India tfukherjee &g al# (1 96 j> first 
described tne incidence of duck plague m  /oat Bonsai. 
i.4ukher,1i at al. (1983) observed listlossness, lot largy 
drooping wings, swollen face and sticky eyelids and nasal 
discharge in affected ducks* There was pronouce°,l grc ml 
diarrhoea. There was enlargement ox the liver* 
petichiae and greyish white spots, itruaks ox grayisn Wiiiou 
nacroeio spots were aeon in fcha oesophagus. The nucoaa of 
tne gizsorl t,ac thickened and there were well do hu.ed patcioc 
of haemorrhages in the intestxnas. Oophoritis a*d seritonl Lis 
wero also oassrveU. Intranuclear inclusions v/orc described 
in ta& liver of ducks. Jansen (1964) observed that the 
severe mortality ooscrvod m  Madras during 1944 - 43 d ir c no 
oacterial organisms coaid be isolated from affcc^i ducks 
ard experimental transmission in. chick eraoryo ymo not 
siccessful mignt have been outbreaks of duck plague* Bardiri 
(1  37**} gave a descriptive account of -she causac*vo agent*
He r̂ pn'-'teu „iat of ter tne 12th egg passage m  co.cken eggs 
the virus c^cmea letnal Ij chicken* ka.ian eu al. (l97Sj 
and Hair ajjd iuluc iana (1j3i> deucruaa ouubreako o£
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duck plague i n  K e r a la  and lesions observed ay  the a were 
similar to that described by Muuierjx at al. (192;?) » In 
addition to these tney also described necrosis of tne 
musculature of tho giaaard and heart muscle fibres* 
hexbO'SXtz (1977) considered enantnoaatous l e s i o n s  in the 
intestine as pat.iogoraoaic of duck plague infection.

4* Ranlkhet disease

Ranxnnst disease is a highly contagcoua inf-Qblous 
diseaao wiuon mainly affects chic'ten and tur ;eys, The 
disease was first described by Doyle in Bnglond in 1927* 
Ldwards in 1928 first described the occurrence of die 
disease in India, S ibsequently, it has been reported from 
many parts of the world* Hansen (1968) descnbGd four 
pathologic forms of the disease* According to h*a in 
Doyles form haomorrhagxc lesions in the digaotivo tract 
was a prominent feature and tnis was caused oy curtain 
velog&me and Asiatic strains* In Beaches form also caused 
by velcgenic strains losion was prominent in the respiratory 
tract and nervous system. The Beaudette*a fora was an 
acute respiratory and lethal nervous infection of growing 
chicken. In Hit©nner* s form the disease was a a-ld 
transient respiratory infection caused by lontogonic 
strain.



n

Accor-iug t,o A3 >lln ( 1 3 W  duc-ca and ghoeso infected 
did n->t develop clinical disease although t zey poa jessed 
antibodies* Report;3 00 natural arid ojrperxsonrwl iiXu..:h,et 
disease in ducks were controvarslal. Iyer (1 &~») could not 
infect duc^ with virulent strain of the vxrus* Snorua 
et al# (1977^ infected ducks with a Virulent Sol 5»sw..i Ox tihe 
virus and concluded that ducklings fere susceptible the 
infection and they observed pnoosoencephalifcis in d r .  1• 
Srirasan et al* (1933) infected duckliigs with a vhlclonic 
strain of R D virus ex porn entail/ out could not jT due a 
the infection in then* fney concluded taat duci:lx^ ’8 *era 
resistant to tlO infection* Sulochana et al* (1931/ isolated 
a strain of Newcastle disease virus froia ducks all-uis frou 
respiratory miction and xt was found to he pata»jeuc to 
chicken.



MATERIALS AND METHODS



B ir d s  u se d  i n  this s e r i e s  o f  e x p e rim en ts  w ere  Daai 

ducks of 4 r 10 w eeks o ld ,  When s tu d y in g  t i e  re sp o n se  of 
R a n ik h e t  d is e a s e  v i r u s  and duck plague v i r u s  b i r d s  o f  

1 2 - 1 6  w eeks w ere em p loyed ,

1 ,2* Agentsoused

Turpentine - (c o m m e rc ia l ly  available)
Dextran sulphate (Mol, ut, 5)0,000)
F reund* a com piesc A d ju v a n t  (D i f c o )

H om ologous e ry ch ro cy t.es  

T a lc  (c o m m e rc ia l ly  a v a i l a b l e )

Staphylococcus aureus 
Ranikhet d is e a s e  v i r u s  

Duck Plague virus,

1 .3. ^ei^^tiori^d^^^^scratlun^of^inocuia

The different innculu w ere  p ra o a ra d  and <ogt in sterile 
u t e n s i l s  and s t e r i l e  bedhnx lues w ere  u sed  throughout, The 
quantity of inoculum, the route of administration and biopsy 
schedule a r e  sum m arised in table 1, Subcutaneous infections 
of inocula were made by means of 1 ml tuo ̂ rculxn syringe and

MATERIALS AN) luTHdDS
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24 gaugo needles. The site for subcutaneous lno„niaU,on 
was in « ig jab of u„ig I03 except far the viruses which 
ware aliaimacereu 1/H. 3iops-.es were taken at iiwcrva3s 
as ind2.ca.i-ad (Taole I).

Turpentine (0 .1 ml) was inoculated aubcut&ncously in 
the ;eb of uhe foot.

1 .0*2. Da^fcr^^culahata

A 2.0 solution prepared in payaiologirnS sal Lie and 
U.l^ml «/as fer-ployca for inoculation,

1*3.3. ES£S931S„S£S8iSiiS-S^dli!^S viras inoaulaeaa gaucuta- 
neouoly (3.15ml) and hi op sin a were r, iiun at, the ,a\.dati.mliad 
intervals.

1.3.4. Homologous oryttgooytes

Erythrocytes were prepared from blood drawn from the 
wing vein of ducks* Five ml of blood were dra.rn m  a JO ml 
syringe conbaim. ig ED PA at the raae of 1 mg/1 ml wf olood.
The samples wore centrifuged at 3000 ref for 13 raiautes 
for packing the erythrocytes* The plasma woa discarded and 
the huffy coat was removed by a wide m outhed Paaceur pipotio. 
The o ry th ro c y tG s  were tnen ro s u sp a n d e d  in 1 ml of

Tj



TAOLO I
Details of ducks used, agents injected and, achedulo 

of collection of materials for studies.

fefoar 
of ducks

Agents
injected Quantity Time at which, lesions 

wore exaainod
/?? Routeinjection -
sites/ ‘

10 Turpentine (coamerc- iuliy available)
10 Bextran sulphate Z $

suspension in distilled 
water

10 Freund*s complete 
adjuvant (Difco)

10 Homologous erythro­
cytes

30 a m
0.1 ol 1 hr, 3 nr, 6 nr, 12 hr

1 day, 2,4,61,3,14 and 21 days
33 sain

1 hr, 2 or, 3  nr* 6 hr, 12 hr 
0.15 mi 1 day, 2,4,6,3,14 and 21 clays 2

2 Subcutareodsly

0.15 □!

0.2 ©1

10 Talc (coaaercially 3.2 al
available) 0. suspension

distilled water

50 hin
1 hr, 2 nr, a  i3r< 6 nr, 12 nr 

1 day, 2,4,3,14 aal 21 days
33 fiin 

1 la?, 3 hr, 6 hr, 12 hr 
1 day, 2,4,6,3 aid 14 days

j i oia
in 1 hr, 2 hr, 4 nr, 12 hr 
1 day, 2,4,3 eud 14 days

10 3t aphy looocGusaureus

10 Raniidiet disease 
virus

10 Duct plague virus

0.2 al
12 x 1Gd
Bacterid

0*3 sal 
1 in 50 s/c

50 nin
1 nr, 2 hr, 5 Lsr, 4 hr, 6 Lit, 12 nr,

13 ar 2 0
1 day, 2,3, e,J,l4 a d  21 days

Sacrificed on 3th, 6th, 7th 1 Intramuscular
din and 9tn day p.i.

0. ̂ ml Sacrificed on „th, 6th, 7an, 1 I Arjnasculur
its and 5t._ lay p.i,



physiological saline and racenfcrxfuged. The supernatant 

was discarded* This procedure was repeated twice* A portion 

of the suspension was diluted to 4 tiraes and 0*2 til of this 

suspension was employed for inoculation*

1.3.5* Talc
Commercially available talc was mixed witn physiologi­

cal 3alxno to contain 0*5 g of talc in 100 ml of normal 
saline* This was sterilised and stored in sterile containers 
before use and 0*2 ml was inoculated suocutanaously*

1*3.6. Staphylococcus aureus

An avian strain of Staphylococcus aureus uao used.
0*2 ml of an 13 hour broth culture was inoculated aubcuta- 
neously.

1.3*7*

The Komorov strain of virulent virus obtained from 
the Veterinary Biological Institute, Palode was used. The 
vial containing freeze dried material from 0.5 ol of tae 
original suspension liras diluted with 5 ml of distilled 
water. From this diluted viral suspension 0.5 ml was 
transferred into another tost tubo containing 5 ml of 
distilled waper* The final dilution was 1 in 50.
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Ton ducks were employed for the study and, 0*5 n! 
of t’10 viral suspension was given I/il* In this case 
tissues were collected from visceral organs aft or sacrifice 
as indicated in the table to study the cellular release 
after s/stsale spread of the virus*

1*5*8* Quckjilague_virus

The virulent virus was Detained froa tho Veterinary 
Biological Institute, Palode* The freeze dried virus was 
diluted in physiological saline to make a final dilution 
of 1 in 50# 0*5 al of the viral suspension was inoculated
intramuscularly* Tho ducks wore sacrificed at tno ini rvalo 
as indicated. Tissues were collected from organs for histo- 
pathological stidy.

1*4. tllatopathological investigation

Tissues collected, for histopathological examination 
wore preserved in 10$ neutral formalin* Routine pccaffin 
caoedding tochniiue was adopted aid sections wa^ cut at 
4 - 6yU in thickness and stained with Harris Haecwcarylin 
and Sosin* Wherever necessary sections were also stained 
with Van Giesoa1 s picrofuchsm, PAS stain, Perl’s stain for 
iron (Luna, 1953) and toludin© olue (Padawar, 1959)#

^•5* Sleotron microscopy

Pieces of tissue collected from the woo of the
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experimental birds >?ore fixed in a mixture of 1.5 %
>jarif amaldcbyd e In water and } *5,4 glutaraldehyde In 
0*2 M phosphate coffer at 4°G* i'he tissues w^ro taen 
washed tliree tines in 0*1 H phosphate buffer and post 
fixed In phosphate buffered osmium tatroxide for one 
hour at 4°C# The specimens were rapidly dehydrated in 
graded series of ethanol* passed through propylene 
oxide and embedded in Bpon* Ultra thin sections were 
cat xn an LKB ultratone and mounted on copper grids and 
doable stained wiwi aqueous solution of uran/1 acetate 
and lead and examined in Philips M  420 electron nforoscapo*
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RESULTS



1. General observation
The cellular dynamics of response to the various 

irritants w<xS studied by light and eieotronaicroscopi© 
observations. Details of cellular involvement wero docu­
mented at specific time intervals. Changes at all time 
intervals were not described if the pattern of cellular 
reaction was qualitatively same.
2* Light microscopic studies
2.1. Turpentine

Inflammatory response was studied on The txssuo 
biopsies from the subcutaneous altos of inoculation of 
turpentine. Tissues were collected at 30 min, 1 hr# 3 hr,
6 hr, 12 nr, 24 hr and on days 2,4# 6, S, 14 and 21 days p.i*

At 30 sain p.i. tnere was severe congestion* A few 
numbers of hetu-rophils and monooytoid cells could bo scan 
adhering to the endothelium of venules and capillaries and 
an occasional cell had emigrated out of the blood vessels. 
Thera was margination of heterophils and erythrocytes on the 
wall of the capillaries and venules. Fibrinous oedema was 
soon perivascularly. Heterophils and a few monooytoid cells 
wore seen in the perivascular apace (Fig. 1, 2).

At turee hours p.i. emigration of leucocytes was now
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F ig .3

Fig.4

PreponderaneG of neterophlla in tao cellular
aggregates* Turpentine 3 hr p*i* H o* f x 4^3*

Heterophiltc predominance In the exudate* 
Turpentine 5 hr p.i* H & u x 403*
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w#ll-93tablishad a*xi heterophils and mononuclears* appeared 
to emigrate consurrontly* but the former seemed to do so in 
much higher numbers than the latter, the majority of the 
mononuclears seen adhering to the endothelium of vonalos or 
in the perivascular and intervaseular area was of tne aanocytoid 
type. An occasional coll with deep staining nucleus and wxth 
a narrow rim of cytoplasm could also be seen admixed with 
the monocytoid type, A large number of heterophils* most of 
them necrotic were found accumulated at the periphery of tne 
bleb for mod by the inoculum. Some of these heterophils 
war a devoid of granules or found to contain agglomerated 
granules. Quantitatively there was a preponderance of 
heterophils over zaonocytold cells* approximately four to 
five heterophils to one aonooytoxd cell (Fig* 3, 4),

At six hours after injection oedema was still prominent
and there was deposition of fibrin within the blab of th#
inoculum* Many of the vessels were thrombosed* hGUhocytio
emigration and infiltration continued to be prominent* The
heterophils were found still emigrating in higher numbers

«.ye«.than the mononuclears and in th# iatervascularAthere was 
accumulation of heterophils* many of them necrotic along with 
monocytoid colls (Fig, 5)* A few of the monocytoid 
mononuclear cells in the iatervascular and perivascular 
locations were larger than the other cells* with abundant
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F ig #  5 Monoeytoid cells and heterophils many of wu~ch 
aro necrotic# Turpentine 6 nr p#i* d w. - x 1CLu#

Fig.6 donocytoid cells in the latervascular and
perivascular locations with abundant cytoplasm and open type of nucleus# Turpentine 6 hr y#i. H i< u x 1033#





Fi<g*? L a rge  m taoar o£  mononucloor c a l l s  i n  tlia
v a s c u la r  a re a *  turpAi-ti.no 12 h r p *a * ~.l L> 3 400*

F ig .Q  L a rgo  number o f  n e te ro p h ils *  tu rp e n t in e  24 Sar p * i *  
H A J- x  400*





acidophilic cytoplasm and open type of nucleus (F±g.6).
Soma of these cells were vacuolated while a few others hod 
contained heterophilic granule a# Calls with the morphology 
of basophilst were noticed in the sections stained with 
toluidina blue vrnich did not reveal typical basophilic 
metachrcmatic granules, but had a metachroraatic colouration 
of the cytoplasm.

At 12 hr p.i* emigration of both heterophils and 
monocytoid colls were still taking place. £van though the 
heterophils were still emigrating in large numbers. In the 
intervascular area the number of mononuclears were found 
to be more (Fig.7). The monocytoid mononuclears continued 
to increase in size, many of them assuming an irregular 
form# At the border of the necrotic zone there was a sheet 
of monocytoid cells, some of which showed tendency to form 
multinucleated giant cells. Basophilic type of colls were 
not prominent.

At Zk hr p.i. there was a decline in the emigration 
©f leukocytes) heterophils ware still found in largo numbers 
(Fig. 6). The monocytoid mononuclears showed a tendency to 
further increase in size. The cytoplasm was abundant, 
eosinophilic and some of them contained ingested cellular 
debris# Small lymphocyte like cells were seen emigrating
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Fig.9

Fig.10

Swollen vascular endothelium* lyaphooytos hnd Macrophages seen pen vs ocularly* Turpenti.no —4 hr p«i* H & E x 1030*

Cellular exudate consisting of macrophages* lymphocytes and heterophils. Turpentine 4 days p*i* 
d & L x 403,





from vessels whose endothelium was found swollen and had 
taken the form of cuboidal calls instead of a flattened 
appearance (Fig*9)* The pericytes of these vessels appeared 
swollen and had a basophilic cytoplasm* A few fibroblasts 
were also seen xn the intervascular area*

Leukocytic emigration was not a characteristic feature
at 40 hr p.x* even though many newly formed capillaries
were clogged w xth heterophils* Heterophils were sULll

oseen in the Inflammatory exudate, but the predoinont feature 
was the presence of large number of regularly arranged 
monocytoid - phagocytes and proliferating fibroblasts. There 
was also evidence of collagen deposition* Some of the 
phagocytic cells were in the process of mitosis* Lympho­
cytes were seen in groups around blood vessels* Near the 
neorotic zone the number of giant cells had increased.

At four days p*l* there was not much evidence of 
emigration* Cellular exudate consisted mainly of yiononuolear 
macrophages, lyaphocytoid cells and few heterophils (Fig*19)* 
This inflammatory zone was surrounded by a highly cellular 
and vascular granulation tissue* Focal areas of granulation 
tissue have extended acd merged with each other to fora a 
highly vascular zona* Away from this merging zone, loosely 
arranged mononuclear macrophages and fibroblasts were still
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Fig.11 Jascuve accumulation of necrotic leucoc/tok, 
Turpentine 6 days p.l* H i ' D x  203*

Fig* 12 Predominant accumulation, of lymphocytes a Mmonocytes* Turpe,itxn« S days p*i* H u ̂  s 4X)*





Fig* 13 Collagen deposition in the inflammatory 2010*
Fi or oblasts and Macrophages noticed* ti 3 i a 203

Fig*14 Concurrent emigration of heterophils and mononuclear colls, Oextran sulphate 1 hr 0,1 * 
H C< 0 x 233*





pro sent* Among the vascular groups, small call^otlonsof 
lymphocytes were present*

At six days p.i., the lesion contained aasaivo accu­
mulation of necrotic leucocytes (Fig#11)* Most of the 
macropnagea appeared large with a rounl pale staining 
reticular type of nucleus* The zona of granulation tissue 
bordered by the giant colls was being replaced by more 
fibrous type* Increasing numbers of lymphocytes ware soon 
along this compact tissue* In the intorvascular area 
there was oredosainanfc accumulation of lymphocytes cavl 
macrophages (Fig*12)„ Some of these lymphocytes could oe 
seen infiltratirg in the walls of veins and somutiaos 
arterioles* At eight days tnere was not much q.oalltativ* 
difference in the lesion except that there was more collagen 
deposition (Fig*13)* At 14 days p*i* the composition of 
the lesion was similar but th® granulation tissue was more 
compact with increased number of lymphocytes* Fibrosis 
was Very prominent*

At 21 days p*l* fibrous tissue had completely replaced 
the necrotic tissue* The cellular component woe very 
sparse with occasional groups of lymphocytes end a few 
macrophages* The lymphocytes did not show any evidence of 
Infiltration# There appeared to bs a tendency of prolife­
ration of pericyte lllsa ceils around blood vessels.
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Fig.15

Fig.16

Heterophils and monooytoid colls with high proportion of hot or opal Is. Boxfcran. sulphate 2 hr p.i. H <-.< u x 1030.

Psrivascular accumulation of monooytoid cells* and heterophils# Doxtr&n sulphate 3 hr p*x.H u X 400*





F ig ,  17 L a rg o  nurabar o f  h e t e r o p h i ls  i n  th e  in ta rv a a o u la i*
z o n e *  D s x t ra n  su lp h a te  3 h r  p«x# H ^  J  x 230,

Fig,18 Heterophils and aonocytoxd as 11s tfith preponderance of aonocytoxd cells* Baxtran sulphate 6 hr p*i*II 2 d K 401,





2*2* Dextran sulphate

Ffq® table 1 it would be seen that 0*15 ml of a 2# 
solution of Dextran sulphate was injected subcutonsously in 
the leg web and biopsies ta-cen after 30 minutes, 1 hr.,
2 hr*i 3 hr*, 6 hr*, 12 hr*, 24 hr., 2 days, 4 days,
6 days, 8 days^arS,̂24 lays*

At 30 minutes p*i« tnere was slight cassation of
blood vessels* An occasions, heterophil was soon emigrating*
At on© hour p»i« emigration was little more pronounced* The/vessel walls wore paved with leukocytes and thero appeared 
to bo concurrent emigration of heterophils and monooytaid 
calls although the number of aonoc/told cella woro vary 

few (Fig# 14)*
Congestion still persisted at two hours and t.jroe hoirs. 

Both heterophils and monocytoid cells wore emigrating in 
large nu.abex’3, the percentage of heterophils being higher 
(Fig*15)* The mononuclears, xtany of which wore of the mono­
cytoid type tenied to accumulate in tue perivascular 
locations (Fig*l6) while the heterophil© were found in large 
numbers in the intervascular area® (Fig*17>* Both tho 
hetorophils, some of which exhibited dcgranulaticm and the 
taonocyfcoid mononuclears appeared swollen# Itocrous vacuoles 
of varying aises were/seen in the aonoG/toid cello*
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Fig*Pronounced emigration of heterophils and
oionocytaid c e l l s *  D ex tran  su lp h a te  12 h r p , i *  
d i S x  200.

Fig*20 In the intervascular and perivascular locations 
predominant infiltration with monosytoid calls* Dextrun sulphate 12 hr p*i* H A C x  150*





Concurrent emigration of bota heterophils and 
monocytoid cells was still going on at six hours p*x. 
in larger numbci a* 8u* both in the perivascular and 
Int’'rvascular areas there was a monocytoid call predomi­
nance (Pig# 10} • A feu* of the heterophils were necrotic.

At 12 hours p*i# emigration of leukocytes, mainly 
heterophils and monocytold mononuclears, was still going 
on in large numbers ani the reaction appeared maximal 
at this stage (Fig# 19)# Both in the perivascular and 
intorvascular areas there was a mononuclear predominance, 
approximately constituting 70/6 of the cells (Fig#20)* The 
monocytold mononuclear cells snowed varying levels of 
morphological alterations, in size, shape and tinctorial 
properties# The cytoplasm cecums foam/ ani the nucleus 
oecaao large and pale staining* Cytoplasm also revealed 
numerous granules# A few giant Gells were also coon. Bota 
in the macrophages ani giant cells phagocytic vacuoles 
were seen in plenty* A few lymphocytes were seen lying 
on the endothelial surface of the venules, bat hardly 
any of them could be observed in the perivascular area*

At 24 hours p.i. there was decline in tne migration 
of heterophils and aonocytoid mononuclears# The cellular 
composition was mainly of heterophils, monocytoid colls 
and few lymphocytes (Fig.21)# Some of the macrophages
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have become large measuring upto 20 yu in diameter with 
acidophilic coarsely vacuolated cytoplasm and with Irregular 
and ruffled cell membranes* Cells in differout stages 
of morphological transition from the typical blood 
monocyte to large macrophages were found scattered in the 
porivascular and interv&scuter areas, 23any heterophils 
were necrotic* some with complete disappearance of granules 
and py&notio nucleus* Small lymphoid accumulations wore 
noticed in the perivascular area*

Two to four days p,i* emigration of heterophils and 
monocytoid cells was absent but lymphocytes could be soon 
still emigrating to form lymphoid foci perivasculorly 
when the lesion was examined daring 2 - 4  days p.l* Tnese 
lymphocytes did not show ajy tendency to spread out into 
the inter vascular area* Cells with the typical morphology 
of macrophage some of them reaching sizes upto 30 ja were 
observed* Many of these cells were in stages of mitosis*

The macrophages in the peripheral rows wore more 
uniform in size* but with indistinct cytoplasmic outline 
and pale staining nuclei* majority of them being located 
eocanurically* In the deeper areas the macrophages wore 
smaller and were arranged without any definite orientation*

a?

At six and eight days p,i* the lesion was mostly



Fig*2t The cellular emlats consisting of heterophil* and aonocytoid cells and lymphocytes* Dexfcran sulphate 24 hr p.i* H H x  400.

Fig*22 Lymphoid aggregate* forming lymphoid nodules# Dextran sulphate 6 days p#i# H Os ii x 100*





composed of macrophages* Lymphoid calls Iws agjrogated 
into modules (Fig, 2-2) * emigration of all typos of 
leukocytes was completely stopped at 14 days p*i* Lousely 
arranged aacropaageo and fibroblasts were seen* Even 
though a largo number of the macrophages were intact a 
few of them appeared as if rupturing* Fibrosis was not 
vary prominent, Humorous lymphoid collections were seen,
A compact zone of granulation tissue was found at the 
periphery of these foci*

2*3* Freund*a complete adjuvant

Freund* s complete adjuvant (Difco) was injected 
(0*15 ml) subcataneoualy in the foot web* Biop3i.es woro 
taken at time intervals as indicted in table X*

EhU.gration of leukocytes was well established at on® 
hour after injection and both types of leukocytes, 
heterophils and mononuclears appeared concurrently emigrat­
ing at all stages* The reaction was maximal at 12 - 24 hr 
and minimal by the 14 day of injection* There was 
hoterophiiic predominance la the intervascular a^aas until 
the 24 hr* Boring this time the heterophils appeared to 
be emigrating in higher numbers chan too mononuclears, 
the majority of which were of the monocytold type (Fig*23). 
From the 12th hr onwards the mononuclear cells ia the 
intervascular areas started exnibiting some morphological
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Change**. She cells gradually increased in slzq uXZh 
pale siaininj eosinophilic cytoplasm. Tne mcluxs was? 
pale staining. Some of tnam with a vacuolated appearance.
A few of taem were in mitosis* Proa 24 hr there was a 
preponderance of mononuclear cells in both the perivas­
cular and intervascular areas* After two days a large 
number of the aonocytoid colls beca l© elongated with a 
relatively small round pale-staining nucleus and acido­
philic cytoplasm* They showed a tendency fear dose 
apposition and resembled ©pitnelioid cells* A number of 
these cells as well as fibroblasts exhibited mitotic 
proliferation. At two days leukocytic emigration was 
still seen and lymphoid foci were present (Fig* ZU), At 
four days the differentiation and orientation of the 
mononuclear cells became more definite. Peripherally la., 
beneath the base of the dermis thin fibres of collagen 
have bean laid down along the rows of mononuclear macro­
phages* Branching trabeculae of granulation tissue were 
seen to arise fro® this area and .join each other# The 
cellular constituents were mainly of mononuclear cells 
(Fig.25) with large irregular cytoplasm and round to 
spindle shaped epithelioid cells with indistinct cytoplasmic 
outlines# A number of fibroblasts was soen amongst tne 
mononuclear cells* Lymphoid foci were numerous and 
prominent and taera was further an increase in tho number
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Pig*23 Large number of heterophils along with aoooqytaid cells and lymphocytes. Froun&’a complete adjuvant 24 hr p.l. H u  Cx  400.

Fig.24 Formation of lymphoid nodule. Freund1® adjuvanttwo days p.i* H ?< 2 s 400*
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Fig#2S

Fig*26

Mononuclear calls aad epithelioid cells â oaial the Inoculum. Freund*a cotfiplete adjuvant 4 dava P*i. H u B  j 400. *

a£S**e&&t;ian of lymphocyte* around 
blood vessels# Freund** complete adjuvant 4 days n.i. H tk £ x 1oo* "





of blast cells amongst tne small lymphocytes* Snail 
lymphocytes appeared to migrate from and fcrm small cuff 
like s&^egations around nowly formed blood voaools 
(Fig*26)* These cells were also seen spreading into the 
intervaacular areas (Fig*27)*

At eight days, oaigration of leukocytes ap^ojod to 
have declined but the mononuclears appeared to bo emigrat­
ing In significantly higher numbers than heterophils* 
Epithelioid cells and a few giant cells were aeon around 
the inoculum and outside macrophages, fibroblasts and 
more epithelioid cells were seen* The trabeculae of 
granulation tissue were highly vascalarised* A r&jmoer of 
diffuse lymphoid foci appeared to be forming around newly- 
f ormed vessels in the inner 20ns of the advancing granu­
lation tissue# A few well circumscribed lymphoid foci 
were also seen. A large number of mature and immature 
plasma cells was noticed amidst the lymphoid cells* A few 
of them contained Russel - bodies in their cytoplasm*

At 14 days the 2one of the granulation tissue was 
more extensive but not as cellular end vascalarised as it 
was earlier# The regular and compact; arrangement of the 
bundles of collagen was absent and there was --one indication 
of their resorption* The macrophages continued to enlarge
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Fig.27 3saall lymphocytes infiltrating into the iator- vaacular area. Freund’s complete adjuvant 4 days p*i* H A S x 153*

Fig *23 Macrophages and lymphocytes as a dense collection*Hoaoiogus erythrocytes 6 days p*i* H u Z x  400*
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In size some of then reaching upto 20 * 25 yu. Lhrge giant 
coils were soon loaded with phagocytoaed material* Lymphoid 
cells both in the fora of nodules and as free colls were 
seen* but the secondary lymphoid nodules in the more 
peripheral areas were now smaller in size* Mitotic pro­
liferation of cells within the most peripheral nodules was 
no longer appreciable* Similarly, the number of mature and 
immature plasma cells in the peripheral areas of the 
granulation tissue had declined significantly although their 
number in the deeper areas was still vory high.

At 21 days, the peripheral fibrous zone wag storo 
extensive than previously, and in its peripheral areas the 
collagen was in th® process of resorption and remodelling. 
The inner zone was still highly vascularised and leukocytes 
were still seen emigrating from the newly formed vessels, 
even though the number of such emigrating cells was few* 
These cells aftur emigration war® more or lass intact, 
only few of taea showing dagraaulation as was seen during 
the early phase wnen most of tae heterophils which emigrated 
had degranulated. Few secondary granulomas consisting of 
fibronecrotic material and surrounded by giant calls, 
epithelioid calls, macrophages and lymphocytes were also 
seen* The lymphoid foci were still seen, but there appeared 
to be a reduction in the number of blast calls* The number



of mature a d  immature plasma cells appeared to have 
declined even further, but they were still aoan&auc in 
the deeper zones of the granulation tusfc.de.

2*4, Homologous arvtirocytts

As seen from the table I 0*2 si of suspension of 
wasaed homologous erythrocytes were injected s idcitaneously 
in the woo of the foot and the lesions were examined at 
different time Intervals*

At 30 minutes there was mild congestion and leuco­
cytes were seen pavementing tne small vessels* /-I six hr 
emigration of leucocytes was well established* Tiio 
emigration was concurrent and the heterophils were still 
predominating over the monoc/toia type ol cells in both the 
perivascular and intervascular areas* A few dogrannlafced 
cells probaoly basophils v;ere noticed* At 12 hr tie 
emigration of leukocytes appeared maximal. A feu small 
lymphocytes could oe seen forming cuffs around venuleo, 
mostly within vascular groups* At 24 hr the emigration of 
leukocytes appeared to have declined, fho mononuclear 
cells were seen m  large numbers m  the >envascalor areas 
while tno heterophils continued to predominate in the 
intervascular areas (Fig.2o). The monocytoid cJLXs snowed 
morphological alterations in the form of increase m  size,
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change of shape and presence of phagocyfcosed material in 
the cytoplasm* The nucleus was large, pale staining and 
Irregular, sometimes with a renifora contour* Tno 
erythrocytes in the intervascular areas were in various 
stages of disintegration, some of them presented a 
picture of a cell with complete karyolysis while some 
other cells retained a distorted nuclear membrane* Many 
of the phagocytes were seen to have ingested disintegrated 
or intact erythrocytes* lymphoid foci were present 
usually within vascular groups*

Forty-eight hours after injection leukocytes were 
still seen emigrating concurrently but only in small 
numbers* The macrophages were round in shape, upto 23 yu 
in diameter with a foamy cytoplasm and an eccentrically 
placed pale staining nucleus* Giant cells were peasant 
around pools of fibrinoid like material* Lymphoid foci 
were numerous* During the period of k - 6 days moat of 
the erythrocytes had disintegrated or were removed* Rows 
of compact macrophages and fibroblasts were soon (Fig* 29)* 
The macrophages appeared large and most of them contained 
haemoslderin* A number of macrophages and fibroblasts 
exhibited mitotic proliferation* Lymphoid foci appeared 
diffuse and the lymphocytes were seen spreading away into 
the intervascular areas* At eight days, leukocytic
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Fig.29 Macrophag s and fibroblasts arranged in a 
co apact manner. tionologua erythrocytes G days 
y*x* ii u w x SOX.

Fig*30 Mononuclear colls in the intervaacular areas* 
rale 24 hr p.i, H a ii x 10)0.





©migration was minimal, Hacropnages ware aeea arranged 
in well-defined rows. Host of these cells wore Zo&tod 
with haemosidorin* Celia witn tne morphology of epithe- 
Hold calls were aeseat# yfall circumscribed lymphoid 
foci were present tout tolast cells were scanty*

After 14 days only an occasional vessel stood 
evidence of leukocytic emigration* Hatjrophils wore 
absent la the perivascular and latervasoular areas* Numerous 
haamoeidoria laden macrophages were still present along 
with unorganized collection of lymphocytes*

2*5* Z&1&
Talc (0*2 ®1 of a 0.5$ suspension) was injected 

subcutaneoualy in the woo of foot* The tissues were 
examined at different time intervals as indicated in Table I*

The cellular reaction was vary minimal upto two nours 
and significant emigration was noticed only after four hours. 
The emigration was concurrent, but the number of ecugrating 
cells was not massive* A few cells with the morphology 
of basophils, tout with no raetachroaatlc granules wore noticed. 
These cells were probably degranuluted basophils* After 
12 hr the population of heterophils was very scanty and 
most of the cells which had moved away to the latervasoular 
areas had degranalated* After 24 hours there wao predominance
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of mononuclear cells in the later-vascular areas (Fig#30) 
and the aonocytoid cells exhibited morphological alterat­
ions in assuming the size arai shape of typical macrophages. 
In the locations where talcum particles were present taare 
was a preponderance of large macrophages* along witn a 
few giant cells (Fig.31). Small lymphoid accumulations 
were seen away from the perivascular location* At four 
days the number of heterophils beta in the perivascular 
and intervascular areas was only very few even though 
some veiiules were seen pavemonted with heterophils* ftauy 
macrophages were seen clustered around the talc particles 
arid giant cells were seen arranged in a palisade fusion 
whore there was accumulation of talc crystals* 8enc 
giant cells were 3©en to contain talc strands of ficrirjin 
addition to crystals of talc*

At eight days* the lesion was that of a granuloma 
with macrophages and giant cells many of them containing 
talc crystals* Numerous fibroblasts had encapsulated the 
granuloma* After 14 days the cellular reaction of the 
lesion was sparse except for the compact encapsulated 
granuloma with few talc crystals, giant cells and few 
macrophages* Except for an occasional lymphocyte tnera 
was no other characteristic cellular reaction away frees the 
granuloma* But around the zone of fibrous tissue numerous
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Fig.31 Large numbers of macrophages and a few giant 
cells* Talc 24 hr p,x* d & -> x 693*

Fig.32 emigration, of heterophils and monocyt^id c-lis* 
Predominance of heterophils in the porxv-^calar 
locations - Clumps of blue staining cocci era 
also seen. Staahvlocaccus auroos 3 hr »*x# a 0 x 203* ~  ~~





Fig*33 dxudate consisting aalnly of hacerophils.
3taphylococcus aaraua 3 Ur p*l* I ^ x 1 ;J*

Coiuc irroirt; emigration of hataropiUls and ajnonaclGar cells* Staphylococcus aarcj.3 6 hr p*i* Li » « x 13JO*
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well for aed blood vessels were noticed*

2*6 l^^^lococcaa^oorGus

An avian strain of Snamylocoocus aureus in oroth 
(0.2 ml) was inoculated subcutaneousiy in the uob of m e  
foot and biopsies were ta cen as per the schedilo u-von in 
Table I* At 33 sun and one hour congestion aid o a Iona were 
prominent and most of the small vessels were pavon-witod 
with leukocytes mostly heterophils* Conearrant emigration 
of heterop ills and monocytola cells was seen; out one 
number of heterophils noticed oarivascularly was nuch more 
than the mono c/i old cells* A few basophils were also seen 
0mi.2rat-.nG most of them in the perivascular areas pad 
a degranulated appears ica. At taree hours aftor infection, 
the e m 0ration of leukocytes was well astablisled (rig.
32 & 33) * At tne perivascular areas ihe monocyloid calls 
predominated while in tne inter-vascular areas tae manor 
of hetoropmls was aoout 3 - 4  times that of monocptoid colls. 
In the perivascular areas many of the heterophils nod 
degranulatod and some of mem had oeooae necrotic* Large 
groups of oacteria were seen m  the tissues* Phagocytosis 
of bacteria by heteropnils arad monocytold mononuclears was 
also crominont* At six hoars after injection, emigration 
of heterophils and monocytold cells was still concurrent 
but was more intense than was seen earlier (Fig*34)* How 
the number of heterophils in tho perivascular area was



Fig. 33 Predominant infiltrating cell is hetoropml.
The capillaries are engorged with hoterop.iils and mononuclear cells, dtaatwlococcua aoro sa 6 hr p.i. H U x  403,

Fig# 36 Large number of leucocytes, aany of taennecrotic around tua inoculum. dtapn/laoQOcus auraua 5 hr p.i. d n< « x 43j,
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nor a than ine monocytoid colls (Fig*35). A large umber 
of leanooytes* many of mnoa necrotic heterophils, woro soon 
accumulated around bno inoculum (Fig.po). Around oho 
inocul s s l streams ol florin had uaan seen doposi » Many 
of the heterophils and mecropnagos were seen lo-ded ixth. 
bacteria. At 12 hr the qualitative nature of m e  reaction 
was same except tnat there was massive infiltreaian of ̂  
emigrated colls. In. the inter vase alar areas to era still 
was a preponderance of heterophils. But the monoo/toid 
cells had become larger With an increased quantity of 
basophilic foamy cytoplasm and large pale staining nucleus. 
There were foci of necrosis and surrounding these zones 
there was infiltration of heterophils* macrophages aid few 
lymphocytes (Fig. 37) along with proliferation of rofcieu- 
loen&otheliaole cells. A few lymphocytes were secx* emigrat­
ing from venules and forming caffs around them* Those 
lymphocyLes demonstrated a tendency to accumulate around 
the vessels t ian moving a way is did the heteronnJPo and 
macrophages. At twenty-four hours after Inj ctloa there 
was decline in too emigration of leucocytes even chough 
tiers was st-11 evidence of concurrent nature of emigration 
of netorophils and mononuclear cells (Fig. 33 < 33)•
Many of the venules whore emigration was going on had 
swollen prominent endofcaelial cells. In addition, proli­
feration of reticuloendothelial liao colls was sc.a around

97



Fig, 37

Fig.33

Focx of necrosis 3arrouted by 1/aphocytJo, 
aacrop icigos and lymphoc/oGs. Stapflylojoco.ta auroua 12 hr p.l, ti .* u x 1G3J,

Concurrent hetrrophilxc and, njononucXQar cell emigration* Staoh/lococcus aureus 24 hr p,i, ti ̂  u xk03*





the vessels* The monocy toxd cells exhiolted f urt ier 
moi’pholojical changes, man/ of then as3unsd a largo profile 
with plGiitj of cytoplasm -ai reaching a size of about 
20 * 2 ̂ u. Among the large macrophages were also found 
snailer cells witn the morpholo of blood raonocytoh.
Sons of tie nacroohagea coco, bi ted mitotic prolxf ration*
The size of the lymphoid foci was larger than it 12 hr.
A number of large pale staining cells witn tie mor ihology 
of blast cells could seen in. tie 1/mnhoid foci. At 
three deyss there was marked decline of emigration of 
cells, With the exec ;tioo of lymphocytes. There /era 
prominent lymphoid accumulation* Apart from the c laractar- 
i3tlc lvmnhoid cells, tiese foci contain^ 2 argo irregular 
cells with aalo staining nucleus, dventhough tiooe 
collections of lymphocytes appeared as well defin’d foci, 
tiere vas no encapsulation. At six days there was no 
significant emigration, of leu cocytes exce it f >r an 
occasional lyorohocy-e which could be seen, adaer l go tne 
blood vessels. There was proliferation of fxoroblust,3 in 
toe inter vascular area and they were seen ar ranges in 
rows along with the macrophages* Tie macrophage wore 
large, some of them poaching a suae of 25 M aod iiavi<r*g 
an eosinophilic c/toplasm. Collagen fibres aad icon laid 
down along the rows of macroohages. Arourxl tne necrotic 
fibrinous mass at the sice of inoculum there worn a few
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giant cells,, fua lymphoid fool were /roaun^nt ana cnoy 
contained in aj.di.tui to the cell a \sxta the typical 
morphology ox5 lymphocytes, numerous blast ceils aid nature 
ani immature plasma culls* Tie vouul >3 inside the lymphoid 
foci contained largo suacer of lymphocytes. After exgit 
aays Cat lyapno-d foox apjeered diffuse nod aoauaa.od 
large numoer of bias'?: cells onl plasma calls, flic plasma 
cello were found witnia tno aGcndur/ nodules as r 11 as 
around vessels, Inc zc ie of necrotic tissue was s^oa 
surrounded oy gra.sula.tian tissue, consisting of infiltrat­
ing cells, icwly formed blood vessels, fioroblusto and 
collagen* At 14 aa/s most of tao necrotic tins ?o had boon 
removed. J?u© lesion appeared as foci of graiulaulo i ith 
only few cells. Compare u^ely 1/nphoM cells wero nor a 
■cuan. in other Plmma cells wore also ovide.it.
rfhon cno lesxOi* was exiixaod at 21 dn/4^ xt appeared as a 
compact granulation tissue wx.th only few cells.

2* 7* Injection ;itn Hamkhot Disease virus

This study was conducted to assess systemic ±a_iamnatGry 
response and cellular dynamics after intramuscular inocu­
lation of Rani -chat Disease varus.

Clinically the inoculated duct3 appeared no'1 al.
Grossly there was slight to modorate congestion of internal 
organs from the fiftn to che nxnUi day, cut th * r - if tor the 
organs appeared normal#
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Hia^oloyL Gaily In u o  liver tier ̂ was mar :od eong nation 
of ui3 cor.Lr 1 \-l.\3 ind s nusoi ds from tno fifti to the 
ninth day. Tae Sî o^q of Pxs^e prooineni aad c was 
accumulation of moderate quaii >_io/ if o~de Ttorr? livid,
Tuerfe w-s slight w.nc2 perce^xoie edcta in mho p,i „v >scalar 
areoia specially in. che port ‘1 trac3* A syrtjiJL. of 
no<,ei tjpnxLs and s, few munanAQleur coils wnn’o s,oa rcu¥i 
central ond saolobalar veins and, m  too pot tal cru.*.? {,Fig.40j. 
An occasional coll in tne portal area passeisod c*.o 
morphology of a degronulatau jhsopall. Aitor the f„Jth 
day, bnere «a& an xacro-so in tus mmaar of aonc /odd 
mononuclear celxs ana l^mpaoc/uos in ihe porc'l ter * Thi-> 
oocame ^radially r^dacec. Initially che ha^tvic o T"s 
suowwi slight t,ranulQr degeneration a>n acme of .t ."Us 
showed fatuy ohnuge. At about the eighth th~/ au «gg sional 
coll snowed copulative necrosis* Aroaud chono »x,*’Ooic 
cello taere v«e no infHeretic a o£ colls. On tio ninth 
day the liver presented a normal histological picture 
except for a few lymphocy ̂ «a in Uie portal area.

From the fifth to ninth day, mhe kidneys wc^e congested. 
The tabular epithelial cells, more specifleally in the 
proximal and distal convoluted taoales sho ;ed dgg- mratlve 
changes on tne sixth day, Tne glomeruli aao ved Increased 
cellularxiy as evide iced oy tne increase x t i tae number of 
meaangiai cells* In scattered areas tnere was slight
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Pig*39 Few heterophils around the blood vassals.Clumps of cocci are seen. Staphylococcus aureus 24 hr p.i. H x - x

Fig*40 Liv-r ~ Sprinkling of heterophils and lymphocytes* RD virus* H u £> x 430*





perivascular in f ilt r a tio n  of naterophxls# Ihora wu*s .10 

in J io a .ijrj of any painolo^io change af cor the oignta day 

except fo r  an. occasional lymphocyte in  the infc-r J u .tla l  

location*

The spleen appeared congested from the flf in oa 
cue seventh day. In the red pulp there was a r~liuive 
increase of heterophils and aonocytoxd monunuol-ur , fn« 
mononuclears grad tally ausanea tae morphological appear anc 
of macroviagjs and tries® culls were soon m  larger number 
xn the subcapsalar and trabecular sinus* iifter s le 
eighth day the splenic corpuscles appeared very prominent 
with Increased numoer of small lymphocytes with hyper- 
chromatic nucleus* At this stage tne punlc*.llar -rturles, 
central arteries, and small veins contained largo nunoer 
of lymphocytoid cells. On tae ninth day tae incr ^sed 
cellularity of the red pulp that was ooservod e-el-er was 
absent ©van though the splenic corpuscles appear Jd vary 
prominent. Amidst the lymphoay *e# were scan la. ̂ 3 pale 
staining cells wita irregular nucleus a n d  c/top l - s i *. A  

few mature and immature plusoaa cells ware preao it,

The lungs shaded sligrrt d iffu se congestion f r . a  t i e  

3eca*id day* The vascular reaction gradually bwcano *.uus 

and on the aigath da/ i t  become imperceptible, oa va$ 

six th  day a few hac jrophils and cononuolv.ar waru
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emigrating * But tills reaction appeared transiohu* Tie 
tertiary bronchial mucosa showed slight oedema arl 
scattorod neterophilic infiltration from tne fifth to the 
seventh day* After the eigath da/ there was aol^rouo 
infiltration of lymphocytes which did not aha; tic 
tendency to form nodules. On the ninth day a Xc*/ l/m^no- 
cytes were seen in the interstitial tissue.

Various parts of the alimentary tract did not; jhov 
significant histological alteration except transient 
congestion* The brain did not reveal any sifeJnx£u.£otit change.

2 .9 .  I i i £ i c y i j |> w i t n iDuck p la g u e  ..v iru s

Cx^qri.aental infection was induced wiUi fcnu JuOjl 

Pld^ue Viru^ to assess tub dynamics of pataol ^-cal caurg.a 

with special r-forence to vascular chants atU cl ilulur 

response, ducks in various stages of cue disoau  ̂ uu*e 

sacrificed on toe fifth, sixth, ueventn, eighth û sd nxn*n 

day p .i.

2*8*1* General appearance and gross lesions

Clinically tho infected birds did not s h o w  a n y  

symptoms till four days post inf< ction* From t \Q fifth day 
onwards the ducks appeared dull and taey aad diarrhoea and 
larchry&Qtion. fna mucosa appeared congested, deqrosiu w^a 
scan from the sixth day anl gradually oecams vary inte ise. 3/
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•che eighth day the ducto were almost prostrate.

On the fifth day the**o was dift' so co igoacioh of 
liver* spleen, kidneys and lungs# The mucosa of m e  
alimentary tract snowed patchy foci of congestion* On 
the fifth day, the liver snowed diffuse congestion m d  
enlargement# A few paticheae were also noticed* On 
the sixth day the liver nad a pale bronze colour and 
showed scattered p m  head smed greyish wnl to spots# The 
uall bladder was sligatly distended and contained dork 
green bile* The cnan^es seen during the later part 
wore also similar except that the enlargement of t/ie liver 
yjas raoro pronounced*

The heart vas Xa .4 »liually enlm _,od. from inn 
fifth dw./, Tnis enlarge eenc was more pronounced an the 
ventricles whicn appeared dilacad, *1 iara were ^ few 
peticheaa in m e  opicardial and endocardL m i  soriacoj.
A few ill defmed p m  h m d  sized foci were also noticed m  
tie ventricular wall* Afver the /th day these changes 
were very pronounced as evide iced oy 1 xrge blotcaog of 
endocardial haemorrhage and patcios of myocardial necrosis.

The spleen was slightly enlarged and Cvwxgesouj on the 
sixtn day. Tne enlarge aeat xnoroasud txll the n m m d i y ,

Tae kianey was severely congested on tno fifth day.
On the sixbn day tae kidney was severely enlarged and Tow
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petlcheae ware also seen* Pule areas indicaeive of necrosis 
were seen all ovor the kidney* The charges were qLunlitati- 
vely same till the ninth day.

On the fifth day, the mucosa of alitsantary tract 
showed scattered areas of congestion* By day six tnore 
were a few small erosions and linear greyish white slightly 
raised streaks of necrosis in the buccal and oesopnagaal 
mucosa* The proventrlculua snowed mild oatarrn on tne fifth 
day and on the sixth day linear erosions were seen* Areas 
of erosions and necrosis pa. elated till the ninth day*

No gross lesions were seen till the fifth day in the 
gizzard* On the sixth day, the keratin layer appeared 
thickened, wrinkled and became firmly adherent to tae under­
lying musculature* The gizz ard musculature showed irregular 
greyish white patches of necrosis which later coalesced*

The intestines were moderately hypsraeaic on the 
fifth day. on the sixth day focal erythematous patches 
wore seen scattered in the intestine, particularly in the 
region of the jejunum end ileum* By day eight the erosions 
were also seen and the mucosa had a thickened appearance 
with copious amount of mucin*

On the fifth day the peritoneum and the ovarian 
follicles were moderately hyperaeaic* By the eighth day
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the follicles became inspissated and had an irregular 
contour* The peritoneum became opaque, intensely 
hyperaorale and was adherent with fibrinous exudate. The 
mesenteric vessels wore severely congested. In some of 
the birds tnc follicles had ruptured releasxrg the 
contents into the peritoneal cavity.

2.8.2. Histopathology 

2.8.2.1 * General^r©action

On the fifth day the hepatic sinusoids and central 
veins were severely congested. Tnere was slight oedema 
m  the perivascular areas and the space of Dx3sg. Tlia 
endotnelium of tne sinusoids appeared prominent «.nd the 
Kupffer cells were distinctly evident* Focal areas of 
haeaorrnoge were also seen. Many of fne hepatocyios wore 
swollen and had a granular appearance. On tne sixth day 
tiese caanges were very pronounced and in addition minute 
foci of coagulative necrosis of hepatoc/tos were soon. On 
the eighth day the necrosis became more pronounces and 
large areas of hepatic parenchyma could oe seen undergoing 
coag illative necrosis (Fig.41). The hepatocytes nad 
vesicular nucleus and few of ihe cells showed tho presence 
of intranuclear inclusions* Inclusions were not s-on in 
cells which were necrotic* Tno biliary canalicali wore
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Big* 41 Liver - severe necrosis of parenchymatous 
cells, Buck plague virus. 8th da/ p,i.
II u J x 403-

Fig. 42 Liver - Heterophils in tae periportal and periainasoidal areas. Buck plague virus, 3th da/ p,^. H A B x 803,





prominent a.od acme of them were seen plugged with bile casta* 
The involvement of hepatic parenchyma with necrosis was more 
in those ducks which, ware in extremis on the eighth day.

In tae heart initially few areas of haemorrhage were 
seen in the pericardium. By the sixth day the myocardial 
fibres had undergone degeneration and necrosis* Shis involve­
ment Increased gradually and on the eighth day it was found 
that large groups of muscle fibres had become necrotic*
No specific site-predilection was noticed for this*

In the kidney tnere was moderate to severe congestion 
of the vessels and glomeruli on the fifth day* On the sixth 
day, in addition, focal areas of haemorrhage wore also 
noticed* Tubular cells, more specifically, of the convoluted 
tubules showed varying grades of degeneration and necrosis* 
Many of the epithelial cells had become swollen aril were 
seen occluding the lumen* Necrosis was seen involving more 
areas during the subsequent days*

There was pronounced engorgement of the capillaries 
of lungs on the fifth day* Peteohiae were seen subsequently* 
By the eighth day focal areas of pneumonia were aosloed*
The reaction was very severe when examined on the ninth day* 
The spleen was intensely congested on the sixth day* On 
the eighth day there were foci of necrosis*
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The lesion in the gusbro intestinal tract vr&s one of 
mucosal necrosis associated moderate cellular reaction* 
Peritonitis and oophorits were consistent lesions and they 
became intense from the sixth day onwards. 3-cranda of 
fiDrin were seen adhering to the peritoneal surface*

In the brain there was congestion of the aoniago. by 
the sixth day. From the eighth day onwards tne neurons, 
especially the Purkinjje cells showed chromatolysis and 
doge nor at ion* Occasional foci of neuronophagia wore also 
noticed* Moderate diffuse gliosis was seen*

2.3.2*2# Cellular involvement

The cellular involvement in the various tissues during 
the early phase of the reaction was very minimal* There was 
hyperaemia in most of the organs and few number of hetero­
phils could be seen paveaenting the arterioles and venules* 
Emigration of cells was sparse and tne parenchyma of the 
organs contained only a few of these emigrated colls. The 
periportal areas and perisinusoidal locations had comparati­
vely larger number of cells, ftie intensity of emigration 
was more after the fifth day when there was marked destruction 
of parenchyma (Pig.^2) * Emigration of heterophils and 
monocytoid mononuclears were concurrent during the early 
phase* By the sixth day emigration of lymphoid cells had
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become very prominent. In the portal areas tfccro wore 
nodular accumulation of lymphoid cells which could be seen 
gradually spreading into fchs. hepatic parenchyma (Fig,43),
On the eighth day, there was intense infiltration of these 
cells into the lobules. Amongst the lymphoid colls, could 
be seen mature plasma cells as well as cells in stages of 
maturation into the plasma cell. Only few macrophages 
were found free among the infiltrating cells oven though 
the iCuoffer cells appeared very prominent. Cellular involve­
ment in the myocardium was very scanty even though the 
interauscular areas revealed congested capillaries and 
perivascular accumulation of few leukocytes, mostly lymphoid 
cells and macrophages. During the later stages anon the 
muscle fibres showed varying grades of degeneration and 
necrosis, large macrophages and few fibroblasts wars seen.
The cellular involvement in the kidney was also minimal*
But in later stages lymphoid, calls had accumulated in the 
interstitial tissue# Macrophages were conspicuous try their 
absence*

In the spleen, the blood vassals of the capsule and 
trabeculae appeared congested. The venous sinuses appeared 
engorged and numerous heterophils could oa seen adaixed 
with erythrocytes. Heterophils and aonocytoid cells were 
emigrating from iha capsular and trabecular vessels and even 
from the central arterioles. Accumulation of colls around

108



Fig#43 Liver - Portal areas showing lymphoid nodules, Duck plague. 6th day p.i. 
ii & £ x 400.

Pig.44 Qimry - Infiltration of lymphoid callsand plas&a cells. Duck plague virus 6th 
day p .i, n & a x 400.
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the venous sinuses indicated emigration from arterial 
capillaries as well as from venous ©inuses* After the 
fifth day, the splenic nodules increased due to accumulation 
of calls with blastold features. Numerous such foci of 
necrosis were noticed. The central arteries in some 
locations were clogged with lymphoid cells. After the 
sixth day the lymphoid nodules became very prominent 
extendiz^ into the red pulp. The outer dark staining 
lymphoid cells had increased in number. Numerous culls of 
plasma cell lineage were present in the lymphoid noaules.
The intensity and extend of necrosis had increased by this 
time. The subcapaular and trabecular sinuses contained 
few numbers of macrophages. Admixed with tne erythrocytes 
and associated witn tae Billroth cords, a few macrophages 
and other cells with the features of epithelioid cells 
wore jresont. Srythraphagocytosia was noticed in some 
macrophages* By the eighth day some of the lymphoid calls 
showed degeneration and necrosis. The germinal centre in 
many locations contained cellular deoris.

The peritoneum and ovary revealed massive infiltrat­
ion of heterophils* The smaller vessels were plugged with 
heterophils and a few jaonoo/toid cells. The emigration was 
concurrent a m  the number of emigrated heterophils was 
3 to k times the number of moaocytoid cells. On the sixth
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Fig.45 Electron micrograph - Electron den*® core (C) 
in the large dense grannies* Mature 
heterophils* Two types of granules, large dense (LD) and light granules ( m j*  Irregular 
contour with numerous villous and paaudopodial 
projections x 19200*





n o

day the heterophil!c component of the cellular exudate was 
replaced lay cassava infiltration of lymphoid ceils (Fig.44) • 
Immature and nature plasma cells were present. Many of 
the infiltrating cells had become necrotic*

The cellular involvement in otner organs was scanty 
at different time intervals except for scattered lympnoid 
reaction* In the brain tnero was moderate gliosis a„ol in 
locations where tiers was neuronal necrosis, accumulation 
of microglial cells was noticed* Perivascular lymphoid 
accumulation was not a characteristic feature at any stage,

3* Ultraatructural studies

In order to ascertain the ultrastrudcoral chP sagos 
of tne inflammatory cells, the normal features of 
heteropnila, basophils, macrophages, aid lymphoo/uos 
were studied by electron microscopic examination of bone 
marrow from normal healthy ducts aid of the inflammatory 
lesions induced by Dextran sulphate and Staphylococcus 
aureus* It was not possible to study the eosinophils 
because of the non-avai la Dili fcy of these cells in the sections 
examined*

3.1 * Heterophils

The mature heterophil had an irregular contour v/xth 
numerous villous and psoudopodial orojecHons (Fig.45)* The



Pig.46 -ledtron alerograpn - Lxudats heterophil shoeing numerous lurga danse granules (LD) and Ugh- granules (La) - Glycogen partxcles present ia the cytoplasm - Nucleus (N) -* Pnagosone (?) x 1920J.





m o  leus was prominent with Irregular lofted appearance and 
v#lth prominent nuclear membranes. Nucloar pores wore few* 
The chromatin appeared mostly as clumped hetorocftrocaatla 
mostly arranged along the nuclear membrane* Small clumps 
of hetorochromatia were also found along wxth light staining 
euchromatin* Nucleolus was not evident in moat of the 
cells and waen present was not prominent* She immature 
heterophil as found in the hone marrow uad moderate number 
of mitochondria wita well developed cristas* But the 
mature heterophil had only a few small oval or slightly 
elongated mitochondria* Similarly while the myelocytic 
stage cogained numerous striads of rough surfaced 
endoplasmic reticulum containing floeulenfc electron dense 
material* the mature heterophil had only aa occasional 
strand of rough surfaced endoplasmic reticulum* Free 
ribosomes were also not evident* Glycogen was present 
both as alpha and beta particles# but only in small 
quantities. In the myelocytic stage* the Golgi zone was 
well developed with stacks of cistornae. There was 
evidence that some cisternae and vesicles of the Golgi 
apjaratus contained electron dense contents* Some of 
these vacuoles were seen budding off from the concave 
surface of the Golgi lamellae* Numerous large electron 
dense granules mostly spherical were seen at this stage* 
Gradually as the cells matured and. passed into tho
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F i^ .4 7  S le c tro n m ic ro jrap h  -  exudate h e t o r o p a i l
shorfinj mtochondrial da^a^e (l!) x 13203*





metamyelocyte stage and into the adult stage, these 
granules beqade large, probably due to fusion of the pre­
existing smaller granules# During the immaturo stages 
amy of the granules presented well defined oval or 
circular electron-lucent areas* But in the mature hetero­
phils these areas became electron dense# Most of the 
mature granules which were either oblong# and cucumber 
shaped and numerous electron dense core# The granules 
varied in sis® and aoae of them had a length of 43 na* 
Another type of granule smaller in size# with less 
electron dense and a fibrillary matrix was also soon#
These two types of granules were similar to the toga 
dens* granules and the light granules of chicken heterophil#

The heterophils, soon after emigration from the blood 
vessels had almost the same ultrastracturai features as the 
normal heterophils* Subsequently when exposed to the 
inflammatory agent showed varying grades of morphological 
alterations (Figs# 46 and 4?)» There was an increase of 
glycogen in the cell* Bndocytic vacuoles were numerous 
and in the case of staphylococci, phagosomes containing the 
bacteria wars noticed# Mitochondria showed varying degrees 
of datnage# Moat of these heterophils exhibited prominent 
pseudopodia* Many profiles of fusion between the granules 
and between the eadocytic vacuole and the granules 
were aeon. Larjo configurations indicative of audh fusion
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were observed* The emigrated heterophil hod an increased 
amount of glycogen in the early stages but subsequently 
this was reduced or was absent* After exposure to the 
irritant the heterophils showed varying degrees of alterat­
ion of nucleus ard call organelles. At ore estrcoo there 
were cells with almost a washed out appearance of the 
cytoplasm with only a few granules remaining (Fig.43) walla 
other calls showed a homogenous matrix with swollen 
aitoohondria and with all the granules remaining intact.
On occasions free heterophilic granules liberated from 
necrotic cells were found extrac ellularly•

3,2. Macrophages

The macrophages associated v/ith the Inflammatory 
reaction showed considerable morphological variation*
They varied in size# shape and in organsllar contents 
(Fig.49) * During the early stages the cells wore small 
and round but at later stages th® cells increased xn. size 
with irregular contents and with numerous villous 
projections* Nucleus showed * gradual increase in the 
euchromatin. The perinuclear cisternae becam® prominent 
and sosta of thsa contained flocculent material. Tnere 
was a gradual increase in the number of profiles of 
rough surfaced endoplasmic reticulum apart from a dilatation
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of the cisternae (Fig* 50 & 51)* These oisternaa 
ooiitaifisd slightly granular or Xloculent contents*
There were occasional lipid particle. But, there was 
no consistency in their shape and number in a coll*
In the cC&rXy stages the Golgi complex was not prominent 
but in latur stages it was i/ell developed with numerous 
stacks of lamella with a corresponding increase of 
vacuoles and vesicular elements* The vesicles which 
appeared to have budded off from the ciaternae woro seen 
fusing to form electron douse structure with the morphology 
of lysosomes* hysosomes were few in the early stages but 
became abundant if the macrophages persisted at the 
inflammatory site# The nature of contents of the 
lysososos showed great variation# After inoculation the 
bacteria wore seen in the interstitial tissue* Subsequently 
they were ingested by macrophages or heterophils*

Eadocytic vacuolos containing bacteria (Fig* 32) or 
dextran sulphate particles as the case may be, were con­
sistently found in the macrophages* in the case of daxtran 
sulphate large endocytlc vacuoles almost filling up the 
cytoplasm and pushing tha nucleus in a cresentic form 
were occasionally noticed (Fig*53)* Fusion of the profiles 
Of phagosomes and lysoaomos were occasionally found* There
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Fig.50 alectronmicrograph - Macrophage - Mitochondria (il) 
3howxng degenerative ciianges* Rough surfaced 
eiidopla3mic reticulum dilated (5E). Lysoso -*es 
seen x 53030.





F ig .51 Electronmicrograph - Macrophage - well developed 
endoplasmic reticulum and numerous lysosomes. 
Portion of a lymphocyte also seen x 20000.





Fig •32 l̂aotronaierogra .>h - Macrophage » ̂ ndcc/t̂ c ̂s)vacuoles containing Staphylococcus x 13200,
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Fig, 53 o^aicrogra^h - laeropnage - A lor^e
e idoojtic vacuolo containing dsarcrun. salpnn^v * 
J u c le a v  e r r  s c a n t  siv* .ad anti ju » i e u  t o  o xs 
sic*® x 33030*





were a few aultxvosj. cular bodies wici rows of internal 

vgsiqIos ond an occasional coated VGaxale* UtJ7CI.ondj.la 

waro numerous and ao-na had m t ct crlatae wail pain 

ot.i-rs nad disoriaafcel a:d broken up ones* lUt Mioncrxa 

w~tu homogenous eo zt nts ard with only remnants of 

zutocno idrial out-r <ieajrano wera alse 3 can. doq/ a cl la 

iad bisarro looking mitochondria with disoricrt'cd crista© 

(Fig.54).

Presence of hett'fopaagolysosona.* ani autopingAy- 

sosoaas /as a c o s u i^  £ sat ire of t .10 monorwcla-r ^a^ac., w s 

seen aft~r four days (F^j* 33)* Saaianta of 

organall s and inclusion3 11 le mitochondria, onJbp-Usoic 

reticulum ribosejk-s aqd gi/cogen parti cl 03 ware a,, an 

the aitopaagol/so3ones. Occasionally fusion of ic ̂ ropnago** 

lyaoaomos and a itophagolysoso wa was also onoountw ud*

Dirxig t IB later stages taora wore many donoj ooiios or 

lamellae o*. structures wxtnia the cytoplasm of many macro­

phages so os of which had phajacytascd otaer doge lereuivo 

cells like heterophils*

3*2*1* Giant oel ls

There ware a few auUiuuOluawcd giant cells la  the 

lesions axo. daw.d a ft or tno 5 th day of the dextrin. palpna«e 

injected dices. 2Uo cell surface was irregular w-,«a
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Fig,54 Slactronaicrogruph - Hacroaaage - Ltttockâ xiria, CK?wita bizarre and dxsoneatad criatae x 13v>JG,





numerous finger shaped protrusions. The cytoplasmic 
eonta its and organellar configurations were almost similar 
to those seen m  a mature macrophage except for tho 
nuclear numbers* la the giant colls also there vms evlde iCe 
of continued protoin synthesis as shewn by the prominent 
dictyoscr-es, well developed rough surfocea endoplasmic 
reticulum, polysomal configuration of ribosomes ojd 
presence of numerous electron dense granular scracturea*
The predominant nature of the nucleus with eucnroaatin 
was also soon* Humorous douse bodies wore soon irregularly 
distributed in the cytoplasm. Some of those giant, calls 
had irregular straps of cytoplasmic filaments.

5*2*2* S^ithelioid^cells
After the eighth day, in tae lesion induced ay 

daxcran sulphate, rounded or polygonal colls with irrog alar 
plasma mssuranas ware saon amidst tae typical ma^ropaagco 
(Fig*56)* In tie nucleus the relative content of 
ouohromatin was more, compared to heterocnronatin in the 
nucleus* Nucleolus with prominent nucleolanena, was euro 
than one in these cells* Nuclear pores were also abundant. 
Mitochondria were moderate m  noab-rs and a few profiles of 
dilated rough surfaced endoplasmic reticulum woru present* 
Cytoplasmic filasuuls, vacuoles and pit like depressions
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F ig •55 iJlsetroimiGTo^r a.h - laero^p.a^e - Jr 2sanee of 
nuaerois ha t^ro and autopnagoao-jies jai ulie 
c/topXaaa x 1500D*



Fig*56 Cloetrozttiorograph « Epithelioid €©11 - 
irregular ?las®* jaeassrane aid th* nucleus 
showing asre euchroaatin* Pnagolysaaoac* 
aosont x 250CKJ*
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Fig*37 -luctronalcrograph - 3asophila - showing
nonareas oval to round granules. Tue awnbr xjo oound granule t̂no*/ particulars comxMfca nf 
var/i ig denary x 33GJ3.





in the plasma membrane i/ere also seen. Taos© epithelioid colls 
did not show the prosonce of phagosomes or phagolysoso ics oven 
though some cells had an occasional dense body in ohe c/topiaoj. 
Very advanced nuclear and cytoplasmic degenerative changes were 
encountered in some calls*

3*3* S^soohila
Sven -chough cnere was difficulty to discern cue basophils, 

which nad da&ranulated in ligat microscopy, this did. not 
present considerable difficulty in tissues exaain^J ulcrast- 
ructurally. It /as Observed tint cn© oasophils tonicd to 
degranuiato immediately after esugratioxi from tno small aloud 
vessels* Partially degranula&ed hfsl; coaplecely uugranulatod 
cells were seen in the perivascular location* Basophils were 
round cells with a slightly ruffled plasma membr.~ne and 
co ifcainsd numerous round or oval granules varying 3.1.20 from 
400 - 600 n® (Fig*57). The membrane bound granules „*&d 
particulate matrix of varying electron density* Jliilo in sono, 
the particulate grainy internal structures war© loosely 
arranged, m  others thura were loosely structured granules 
with fine reticular content ofale^joctioaX density, in some 
there were crescent o* with a scoonad uo
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Fig. 38 SIsctnf4tt»Ierograph - Basophil - showinggranules some of which with fcnin ratioaiar content of less optical density (C5).Cr«4&enfc_s»aped excavation can also he s.. on xiSOOO;.
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nixing up of the contents ultisnatsly forming saccular 
structures which open tlirough the plasma sioabrano were also 
evident is many cells# Many basophils had lost nm'c of 
the granular contents presenting only remnants of parigra- 
aular membrane and granular co tents* in a few colls which 
had degranulated attempted formation of saw granular 
structures was noticed in the region of the Golgi* Comp­
letely degranulated calls were also seen*

Tim nucleus was irregular wxta electron doiiso 
heterochroaatin along tne inner nuclear aaabranea. Coarse, 
lumpy chromatin was also irregularly scattered in the 
haryoplasa* Both granulated and filamentous eucur matin 
were aeon* In nature basophils usually one xucluolus with 
a compact appearance aid relatively little amount of 
nuoleolonema was present* Cytoplasm was of moderate density 
with few strands of rough surfaced endoplasmic reticulum. 
Mitochondria wore few in number and of different size a*
Golgi was moderately developed* electron dense grainy 
structures identical to those in the basophilic granules were 
observed mar to the degranulating cells*

Xt was observed that the tissue mast cells which were 
few in number also shoi/ed a tendency to degrarwlato when 
exposed to the irritants (Fig* 59)*



Fig.59 Sleet romicrogr aph - Mast cell showing part„al( rJ 
degranuUtion. of gr*ntd.aa x 33050.





3*4# fryzaphooyfrea

The ultraatruetural features of the lymphocytes showed 
a great diversity* sfhile daring the first two duynt the 
cells were store or lass uniform* later they varied la their 
aize* nuclear configuration and organsllar coatoidss* The 
apparently mailer cells were round with a hign nude©* 
cytoplasmic ratio, (Fig.io), The nucleus was round or oval 
or seas times irregular with iaetarochroaatia and euehr©matin 
in equal proportions* The heterochroaatin occurred as dense 
granular struct area and was present as aggregates on th# 
inner nuclear membrane ani as clumps elsewhere ia the nucleus* 
The auchromatin. occurred as uniformly distributed granular 
component* Huelcolus if present was not prominent* Both the 
nuclear membranes were clearly seen; the outer mcmorane was 
devoid of attached ribosomes and ta» perinuclear ciotornae 
were devoid of any content*

The cytoplasm was moderately elsctrondense oad there 
was a paucity of organellas* Mitochondria wore small and 
few in number* They wore oval or round* tod dense matrix and 
few granules* Crxstae were regularly arrayed* Hough aur- 
faced endoplasmic reticulum was absent and ribosomes were not 
abundant;* Golgi coaplox was ill developed and the components 
were not vary conspicuous# A t m  small electron dense granules 

were also observed*
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Fxg.63 -ieotromicrogruph - aiowing a lymphocyte
t>m gc-IIs ferni,jres of ol-ist cells x  jIOjB*





The morphologically larger calls had more abundant 
cytoplasm. The nucleus appeared irregular uni had lesser 
amount of neteroohronatln than in the smaller colls. In 
addition the Golgi appeared slightly more prominent, with 
a few profiles of lamellae, vesicles and vacuoles. Few 
dispersed ribosomes were seen. Among these lymphocytes 
could be seen a po mzlation of cells which had the appearance 
of lymphoblasts. The nucleus was large and predominantly 
contained euchromatin and wltn plenty of nuclear pores.
The two nuclear membranes were well separated and the outer 
membrane showed many irregularities. Nucleoli wore well 
developed and the granular dense matrix had continuity with 
the nuclear chromatin. Inter-cnromhtinic granules were also 
present. Utochondria numbered from six to eight and had 
the typical oval to elongate shape and prominent aristae. 
Ribosomes were seen either singly or as polysomal conflguratio 
Peroxisomes were not seen, Endoplasmic reticulum was very 
scanty. Golgi was well developed with prominent diotysomes. 
Small pinoeytic vesicles were seen Oi~ chs cell surface.

3*4.1. Plasma_cells

Along with these 1 ' m

features of aature and
ills with ultrastructural 
;a cells were encountered



Fig.61 Sleetroamicrograph - DaveLogiii^ plasma cells 
with prominent rongn «wt&piu*m3.c reticulum x 50000. ■





Characteristic feature of such a cell vfos a well developed 
rough surfaced endoplasmic retxcalua with dilated ciatornac 
almost: fulling up t m  cytoplasm* They wera arrayed aa 
labryntbino structures containing electron dense &r floooulout 
material. Ribosomes were numerous and arranged in poiyeaaal 
confxguratlons in tne endoplasmic reticulum* Occasionally 
electron dense granular structures were seen within the 
dilated endoplasmic reticulum. Golgi complex was roll develops 
with prominent lamellae, vacuoles and vesicles* The Golgi 
components were situated perxnuclsnrly and electron danse 
vesicles were seen buddix& off from the lamellae which themself 
contained electron dense material* Qaiti&̂ bles were soon 
occasionally*

The nucleus was usually eccentrically pl&cad with 
ueterochraaatin arranged as blocKu on tne inner surface of 
iSio nuclear membrane# About 6 « 10 mitochondria wore noticed.

Along tfutlx these mature plasma cells many immature 
transition colls of the plasma goIX line were ancestor ed* 
immature cells had more free riboames, relatively less amount 
of endoplasmic reticulum and large nucleus which was prepond** 
oraatly euohromatinie*
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0X3CUSSIQH

fhe bagic cellular response of ducks due to lî Xammatory 
reaction Induced by the various agents was more or loaa 
similar to that described in the fowl by Naif (1973)* After 
the administration of the inciting agent# adherence of 
leukocytes to the walls of the vessels was noticed* Even 
though Xllig <1961) reported that this sticking of leukocytes 
to the endothelium was confined to the venules# i t  was 
observed that in the duck both venules and arterioles were 
involved in this phenomenon* Janoff an! Zweifach (19£&) 
also made such an observation in mammals when employing 
cationic proteins*

Irrespective of the agents employed it was clear from
this investigation that emigration of leukocytes was always 
concurrent even though th—  *«.

in sufficiently higher nu 
during the early phase of

the number of different c 
heterophils and moacnucle 
the same time from the as 
or topographic diasociati 
was seen# It w#*$ obvious



latter cells appeared to emigrate in higher numbers than the 
former* At no stage was there evidence of emigration of 
sononaolears in the absence of emigrating heterophils. This 
observation was in agreement to that of Faz and Sooctor (1332) 
and Nair ( 073) v/ho studied the emigration of lciuacyles 
following injections of a number of irritants in rats and 
fowl res actively* Even though there was no qualitative 
difference in the emigrating cells, it was evident, that the 
onset and intensity of emigration of leukocytes varied with 
the irritant employed* For example, with turpentine 
emigration of heterophils was massive during the oar Xy phases 
while it was scanty and of delayed onset when talc vas 
employed* Similarly when agents like Freund* s couple ce 
adjuvant and dextran sulphate were used there was prolonged 
and continuous ©migration of mononuclear cells* Shir (1373) 
had suggested t lat not only the nature of tho irri chafe but 
also concentration c m  modify the onset and inuris-iy of 
erdgration#

The sequence of events involved an increase in the 
permeability of the capillaries, adherence of the heterophils 
to th© capillary wall, migration of the heterophilo through 
the endothelial gap of the vassal, and directed moveaont 
of the cell toward the bacteria of the species*

123



During the early phase of tne inflammatory reaction 
there was a predominance of heterophils in the perivascular 
and intervaooulor areas* After about two days ovon though 
the heterophils were emigrating in larger nuaoara thorn 
appeared to be an increase in the mononuclears# P&& and 
Specter (1J62) postulated that this increased prodoniannca 
of moaonuclear cells could he duo to "migration of naenato-* 
genous mononuclears suosaqusnt to that of polymorphs, 
delayed proliferation of tissue retie at a endotnoliol cells, 
aod simultaneous migration of polymorphs and mononuclear 
cells, with differsncaa in tna rate of migration iu& subsequent 
fate of tno two types of cells"• Nair (1*#73) suggostod that 
this predominance could be due to maaaivo destruction of 
heterophils and local proliferation of haeaatqgenous monocytoicl 
cells*

It was soon froa this study tnat hoteropnils w j c  sore 
sensitive to tne irrita iro tnan the macrophages a.ii that 
massive destr .ction of heterophils w<oS seen especially when 
subs^nces like turponcine waro used* It was also a son that 
there ha* oooa a second uavo of natorophllic am-graven and 
this could he possibly duo to local tissue destruction 
liberating mediators or duo to the continued action of the 
irritant itself*

In the light microscopy it was found very difficult to
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demonstrate the basophils probably because of their few numbers 
or because of their degromlation. electron microscopy 
revealed a few basophils a ad mast cells which have degramlatod 
or in the process of degraaulation# The basophilic granules 
Showed variation in the nature of their contents and density* 
Probably this is due to the differences in the maturity of 
the granules, state of {reservation and the stago of dogram* 
lation* It is not quite evident from this investigation whstho* 
heparin liberated fro® the basophils and mast cello has a 
definite role in the arrest of movement of iaflnsnatory cells 
as suggested by Hair (1975)* Detailed cyto-cneaical arid 
experimental studies employing histamine, heparin and other 
mediators are necessary for assignment of specific roles for 
the basophils in the duck#

The early increase in vascular permeability it almost 
certainly due to the release of histamine from naab cells and 
basophils (Specter and Willoughby, 1955)* Jut tftoro is no 
consensus regard! jpg the mediators of the delayed pe*$eaallity 
response (Wilhelm, 1973)* Certainly histamine does not 
appear to be involved since antihistamines were Without effect 
on the delved response insplte of pronounced suppression of 
the immediate response# Of the permeability factors described, 
the kinina seam to be the most likely mediator for the delayed
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response (tfilhal®, 1973)* Recently* attention has turned to 
the prostaglandins as mediators of inflammation (Surier, 1974)*

Once the heterophils adhered to the endothelium, they 
extended paaudopo&s that appeared to penetrate the endothelium 
at or near coll junctions* there is soae good evidence in 
mammalian species that neutrophils release proteins that are 
cheaotactic for other neutrophils* 2igaand and iHrseh (1973) 
described a protein derived from neutrophils incubated with 
aggregated gamma globulin that are strongly cheaotatic for 
neutrophils* The rat# and extent of phagocytosis depended on 
the particle to cell ratio*

la the present investigation the dues* heterophil was 
found to be an efficient phagocyte as evidenced by its capacity 
to ingest Staphylococci and other particulate materials*
No attempt was made in this study to evaluate the onayaatic 
Changes associated with phagocytosis*

Ultraatrucfcurally the duck heterophil whs almost similar 
to the chicken heterophil* Nair (1973) described three types 
of granules in the fowl heterophil - the large dense 
granules which could be considered analogous to the azurophil 
granules, the light granules and the sa&ll dense granules*



In the present study only two types of granules could be 
discerned, the large dense granules with the electron dense 
core and the smaller granules with fibrillary contents*
Since m  histocheaical studies wore conducted it Is not 
possible to definitely ascertain whether both those granules 
contain hydrolytic aasymes and therefore could ho considered 
as lysosomes* The electron dense cora of the larger 
granules was characteristic and it was evident tuofc the 
electron density was acquired during the late stag© of 
maturation of the granules because these areas wore electron- 
lucent and pale in the immature cells* The formation, of 
granules was assocja ted with the rough surfaced endoplasmic 
reticulum and the Golgi complex* The vesicles which were 
liberated from the golgi fused to fora larger granules* The 
phenoaiaon of degranulation was noticed in the heterophils 
after endceytosis* Sainton (1974) suggested a doflnlte 
sequenoa of degranulation with the specific granules degra- 
nulating before the azurophilic granules# From the present 
observation it was not possible to identify whether there 
existed atly temporal or sequential factors In the degranulating 
process in tha duck heterophil* During the process of 
degranulation tier© was fusion of the granule membrane with 
that of the ondooytio vacuole. In the mature heterophil 
there were only few mitochondria* Rough surfaced en&opiasmic
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reticulum and goigi worn not prominent indicating relative 
aeaanco of new protean u/ntues±s and granule £ iraaaioh*

The majority of vhe mononuclear colls which had 
emigrated during tae first half hour on/ards, was of tae 
^onocytoid* type a id it was difficult to distinguish 
betv/oen typical monocytes a id large or medium lymphocytes 
on histological preparations* These monocytold nonomcloar 
cells in tho intervascul&r areas, at consecutive li30 

intervals exhibited gradual morphological chafes* fhaso 
Changes were oharacfc-rxsQd by an increase in siho, and an 
‘open* pale staining nucleus* The presence^of typical 
haamatogenous monocytoid coils and other acm xjytoid colls 
in different stages of transformation into typical macro- 
phages indicated taut newly emigrated aoncoytoid oolls hove 
infiltrucod along with those ttiat have und-rgono morphological 
alterations and got fixed, during tae early stages of tie 
react 101 via monocytes appeared to accumulate at tho 
periphery of tue bleb fumed by the inoculum* I»a£or they 
arranged tuomselveo as near raws and snowed changes in siso, 
siiaie and tinctorial property* Similar obai&os „wo been 
aescriood by many earlier workers* Tae macropnagos wore 
found to os efficient phagocytes as revealed by via ingasexo~a 
of varieties of parviculaTje materials lias dex«rai gdlpnavO



and tale and of organisms like Staphylococcus auroaa# Tm  

dynamics of changes and the transfoimtaoa of mononuclear 
pha^oc/to appeared to be dependent on the nature of the 
irritant* Hair (1973) reported that the phagocytes exhibited 
a comparative increase in the acid phosphatase* erylsulphataso 
and 3-glucoriiuda*e content as the ceils which have 
differentiated into macrophages in fowl during local 
inflammatory reaction which clearly indicated the metabolic 
alteration* associated With Increased phagocytic ability#

la the reaction induced by Freund1* Complete adjuvant 
large numbers of pale staining colls With the morphology of 
epithelioid calls were seen# epithelioid type colln were 
scanty wnen other irritants were employed. Hair (19/3) hod 
suggested that in fowl epithelioid cells probably developed 
When macrophages became immobilised at the sice of inflammation 
without ooing called upon to undertake phagocytosis or m m  

phagocytosis or pinocytosi* resulted in complete elimination 
of the particle Within a few days or when tae irritant was 
digestible and not acutely toxic to toe macrophages# fhe 
presence of well developed organelles, and an active nucleus 
in the epitnelioid cells suggest that these cells ore active 
functionally# Further work would be required to clarify 
the functional capabilities of the epithelioid coll.
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Slant calls were noticed during the later stages of 
the inflammatory reaction# This was very pronounced when 
talc, Fround*s Complete adjuvant and homologous erythrocytes 
were administered* Even though there are two poacJbilltiaa 
regarding the histogenesis of giant cells in an inflammatory 
focus, Hair (1973) employ! ig histocheaioal, autoradiographic 
and ultrastructurai techniques conclusively proved that 
in fowl, giant cells are foraed by the fusion of Liaq&ata- 
genous macrophages rather than by ait otic division of pre­
exist! ag macrophages# Ultrastrnctural studies in this 
investigation support the above concept.

FTo® the results of this iavestigatioa it can be concluded 
that the sequential ultrastructural changes of monocyte 
transformation, to macrophages, giant cells and epithelioid, 
colls in the duc*s wevsc similar to tnat described oirlier in 
mammals (Cohn at al*, 1966$ Sutton, 1967)# the increase in 
euclffomatin indicated heightened metabolic activity# There 
was relative increase in the ribosomes, endoplasmic reticulum 
and in the size of the golgi complex# The cell bad increasod 
in size and became endowed with large number of lysoscmes 
which was vary essential for foreign body degradation*

There was an increase in the size and number o f  mito­
chondria which may be due to the increased functional and



metabolic requirement of the macrophage, The bizarre looking 
mitochondria with altered crista© m y indicate partially 
destroyed mitochondria which show an attempt for rogengration* 
It is also clear that there is a higi turnover since small 
intact mitochondria were also encountered* Degenerated 
mitochondria were enclosed in lysosomal structures* these 
autophagolysoaomea sometimes fused with heterophhgolyaosomaa* 
The phagosomes showed partial or complete degradation# The 
phenomenon of bacterial degradation is not a more physical 
process since other factors, mainly immunologic also have 
a significant role in these*

The requirement of macrophage* for development of primary 
antibody responses to complex mati-deterain&at recall 
dependent antigens is now firmly established* The requirement 
for macrophages for development of secondary antibody responses 
to these antigens appears to be less than for primary responses* 
Macrophages do not appear to be required for development of 
antibody responses to so-called T-cell dependent antigens* 
Macrophages hove alteast two crucial functions in the 
development of primary antibody responses to X cell analysis* 
On© function is the presentation of antigen to the responding 
T colls and B-celis in a manner that efficiently stimulates 
these cells to cooperate in the development of an antibody
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response# The second function is a viability promoting 
function In  which T cells are made to survive and mediate 
their cooperative interactions with B cells (Gradehuach*
1979).

Hair (1973) reported that one consistent observation 

in the fowl was the presence of lymphoid foci in the 

inf lammed tlosue# Usually these were found as cuffs around 

blood vessels# He also reported that these lymphoid foci 
showed a tendency to infiltrate and spread. Whan immuno­
genic agents were used these lyiaphoid foci persisted with 

f  oriaatioa of germinal centres# In the present study 

•migration of lymphocytes and formation of nodular accumu­
lations perivascularly were also noticed* Sut this is  

quantitatively of lesser Intensity than reported in chicken#
It is not clear from this investigation whether this 

represented & qualitative difference in the dynamics end 
circulatory pathway of lymphocytes* Hair (1973) had suggested 

that in the fowl because of the lack of organised lymphatic 

pathway, the movement of lymphocytes could be from the blood 

vessels to the tissue and back again into the blood vessels 

in contrast to that of mammals where passage to the blood 

vessels is via the lymph channel* Further sequential studies 

are needed to clarify this reaction in the duck#
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In the present study It was m m  that lymphocytes 
emigrated la large number after a time lapse of % - 6 hours 
ami during that tine the endothelial cells of theso vessels 
appeared prominent and swollen* Such transformation of the 
endflrtdudLiua of venules is remlscent of the ohhsgoa in the 
post-capillary venules In the oaasalian lymph nocfca, which 
are considered, by some, to he the result of antigenic 
stimulation, while ethers believe that it is merely due to 
the increased traffic of small lymphocytes crossing the 
endothelium of post-capillary venules of lyaph nodes draining 
areas where an immunogenic material has been deposited* In 
the fowl this transformation of the endothelium was related 
to the emigration of small lymphocytes and mt to the 
immunogenic properties of the irritant* Ho attempt was made 
in this study to ascertain whether the emigration of lymphoid 
cells was between the endothelial or through the endothelial 
cells*

The emigration of small lymphocytes seen dur-I:v; the early 
phase of the reactions continued till lymphoid ascmulations 
wore seen* The emigration was not vary mar ted mon dsxtraa 
sulphate was employed. In mammals it has been aimm that hapori 
and other sulphafcad poly saccharides inhibited the (emigration 
of small lymphocytes and delayed the onset of rogalr and 
fibrosis, while they had no effect on the ©migration of



polymorphs and monocytes which continued to emlQ^&d cosour#* 
eatly in what appeared to he la normal number# and the 
monoeytold mononuclears proceeded to transfora into uacropoagos# 
Hair (1973) postulated that in the fowl the aucepol^gaocharida 
content of eagopaiis which was liberated during doipmnulatioa 
inhibited the spread of lymphocytes after emigration and the 
inhibited lymphocytes along with the proliferation of 
reticuloendothelial cells resulted in the formation of a replies 
of an anatomical and functional lymph nodule* 4 detailed 
investigation using graded doses of heparin and iogh molecular 
polysaccharides would throw more light on whether such an 
analogous situation develops in the dues* Xa addition 
seoozdary lymphoid nodules wore seen forming in tno lymphoid 
foci when antigenic substances like JU aureus* Freund* a 
complete adjuvant and duck plague virus were injected* They 
were found to be morphologically similar to the lymphoid 
follicles present in the spleen of the duck and which represent 
the bursa-dopendeat lymphoid tissue* Dltrastructur&IXy such 
foci revealed heterogenous collection of ceils in various 
stages of transformation into the plasma cells* In addition 
to the mature lymphocytes with scanty cytoplasm and 
organelles and having a predominantly hetarochro^atic nucleus# 
there were numerous large cells which had blast old features*
The blast cells were identical to the imuno-hlaath described 
by Movat and Fernando (1953) • The relative role of
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T lymphocytes in the inflammatory reaction, especially when 
viruses are involved, require further investigation* This 
would be possible when experiments are designed uhirs 
thyiaeotoaised and/or bur sect omised duck*

It was not possible from this study to assess the 
response of eosinophils in inflammatory reactions in the duck. 
In his feel 3gioal sections identification of eosinophil from 
the heterophil is difficult because of the similarity of 
appearanoe of the heterophilic and eosinophilic granules*
In the limited electron microscopic observations, uie involve­
ment of eosinophils in the Inflammatory response could not 
be ascertained wxfch any degree of cartainay. daxtfoXk and 

Siller (19/2) while describing tae ultrastructural features 
of the duoi eosinophil reported the presence of crystalline 

cores which would enable to differentiate with certainty 

the eosinophils from heterophils* To say definitely whether 
eosinophils in tue ducks are the exact counterparts ^  
mammalian eosinophils or not requires further detailed 

investigation.

In the local lnfla*m tory reaction, repair was associated 
with active fibroplasia* rfhan the irritant persisted at the 
site there was attempt to encapsulate the irritant and the 
reaction was identical to tnat in the mammals#
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In order to study the response of the tissues of 
the duck to viral agents Ranikhat disease virus cofl Duck 
plague virus were employed* The R&nikhet disease yxrus is 
relatively non-pathogenic whereas the duck plague virus is 
a Virulent host specific pathogen for the duck# The cellular 
response to RB virus infection was meagre from days five 
to nine. The tissue destruction following RD virus infection 
was negligible or absent* However, it did initiate a 
minimal initial hetcrophilic and later lymphocytic reaction* 
The adulc duck therefore, can be considered as refractory 
to RD infoction as observed by Iyer (1943) and Sriraman 
et al^ (1930). But Sharaa «t a^. (1977) and Suloohana et al* 
(1331) concluded from their studies that ducklings are 
susceptible* It would, therefore, appear that ducklings 
as they mature become imaunologicaliy competent. This is 
reflected in the mild cellular response and point© to the 
fact that tissue destruction by the invading agent ia a 
basic component of inflammatory response* Tnsreforo, in an 
immunologieniiy competent host, the cellular response 
pseforc© is meagre and tissue destruction is inapparenfc*

In contrast to this, in duck plague infection, to
which the ho&z is very susceptible the spectrum of inflammatory

\

response was varied* There was basically virus induced 
tissue necrosis even on the fifth day and this had elicited

136



a cellular response characterised by hat -’roam,lie reaction.
The virus caused multiple necrotic foci in various organa 
and this was followed by severe haterophilic reaoniLon* It 
is portxnant to point out that irrespective of the patho­
genic potential of the iavadirg agent the primary response 
was heterophilio in nature. It would appear that tno tissue 
destruction primarily induced by the virus was responsible 
for this reaction. This was followed oy an imursoi ̂ ically 
mediated reaction characterised by lymphoid reaction which 
was aeon to manifest as lymphoid nodules by day eight. The 
duck plague virus invasion and replication in the colls 
following experimental infection was massive uni tissue 
destruction is bound to oa extensive* This ph^so was heralded 
by hetorophllie reaction and later there was an attempt at 
immunological compromise and this was marked by lymphoid 
response of a moderate to severe nature* sfaen too infection 
was massive tnere was necrosis inclu&ir^ necrosis of lymphoid 
cells*
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SUMMARY



SUMMARY
A study of cellular dynamics of inflammatory reaction 

in the duck was aade oaployxry immunogenic and non- 
imcunogonic agents* Turpentine, Dexsran Sulphate, Talc, 
Freund* s couplet© adjuvant, Homologous erythrocytes and 
Staolwlococcus aureus wore used to elicit 1-cal inflammatory 
reaction in the subcutaneous tissue, while Ranlkiiat disease 
virus and Duck plague virus were employed for studying the 
general reaction after InxroausGular infection# Tlio 
sequential involvoaont of the cellular components An tne 
inflammatory response was studied and the development of 
the lesion, was delineated wnen different agents were employed*

Irrespective of the agents employed to ellext 
inflammatory reaction^it was found that there was emigration 
of cells from the arterioles and venules after leukocyte 
adnerenca to tae endotneliua* The emigration of hob-rophila 
a d monocytaid cells was always concurrent avan though 
tnere was quantitative difference in tne number of eaigrati 
cells due to different atiologic age its* Initially there 
was heterophilic predominance and tnat was replaced later 
by a predominance of macrophages or lymphooytos* Tne not^ro- 
phiist and saacropoagos Voro found to bo efficient phagocytes* 
Along w-th h*teropliils> few m o b  era of degraaulatxng basophils



were noticed in the perivascular areas* The cnango in the 
cellular constituents of the inflammatory reaction appeared 
to result frea difference in tna rate of emigration and 
migration* It was not possible in this study to specifically 
assess the response of eosinophils* The emigrated 
lymphocytes accumulated around blood vessels and forced 
nodular structures# In such lymphoid nodules gerriouX 
centre formation was noticed wnen immunogenic its wore 
used* Immature and mature plasma cells were soon la the 
perivascular and intcrvaseular areas from four days* The 
formation of an anatomical and functional replica of a 
lymph node during an inflammatory process could be considered 
a necessary factor for initiating and maintaining an 
immunologic reaction#

Tae monooytoid mononuclears were the haomave^Onoas 
elements which transfer aod to macrophages, epifcaolioid cells 
and giant cells# Persistence of macrophages in infla- 
(amatory none could bo due to continued emigration and raolti- 
plication at local site# Giant cells invariably formed 
part of the cellular exudate and their presents was fra Aaantly 
associated with necrotic debrl and foreign bodies* The 
giant cells were formed fron fusion of macrophages# Repair 
of inflammatory tissue was effected oy removal of b,ao
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inciting agent, by fibroplasia and lysis and resorption of 
tna infiltrating calls and axudate*

Ultraatructorally the duck hetcro^-il posoccucd two 
types of granules, die large dense granule possessing one or 
mole electron dense core* The other type - cho lî .ic 
granule - was smaller wiha fibrillary matrxx* Gcudy of tne 
dovelopmont of tae heterophils shored the association of 
golgl complex in the genesis of una granules* Ika process 
of endocytosis of the foreign body involved fusion of tua 
phagosome With the granule forming the phugol/aaa^iu* The 
heteropnil of tae inflammatory exudaxe nod a iuga-r coufca at 
of glycogen* Hocrosia of tne heterophil was associated wit a 
loss of organellar destruction and gradual lysis*

The monocytes after emigration from xne blood vessels 
underwent structural alterations to farm aacropaAgeo, opitne- 
lioid cells and giant oolls* The tramfor <atxon. i„*co macru- 
phages m o  g iut act er used oy an imorease xn also a id in xha 
rough surfaced endoplasmic reticulum, and ferua,cicu of wall 
developed Galgi complex and lysosonos* Tae pa^gcc/tic 
and degrading capabilities of tne macrophages wo*, o reflected 
in tne naauroas auto-p lagolysosomy3 and netoro^iKSolysoaeues* 
Epithelioid colls were devoid of pnagolysosomcs 0,3d this 
indicated anoth r function for these cells t *an paagocytosis. 
Transition forms bow/can small lymphocytes, blast colls and
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pXaaaacytic cells were encountered indicating taat under 
antigenic stimulation, the lymphoid cells underwent structural 
alterations for the functional capability of antibody 
production* The blast cells had an active nucleus which was 
predominantly euchromatinic# The main ohar actor is wic feature 
of the plaaaacytoid colls was the predominaifc rough surfaced 
endoplasmic reticulum with a polysomal configuration of riboacu^

The basophils and mast cells showed degranulation 
liberating the mediators which altered tha cellular rospo iso.
It is possible that the arrest of lymphoid cells to form 
nodules could be due to tne high molecular weight heparin 
liberated from the mast coll granules*

In order to study the systemic response of the tissues 
due to virus, Ranikhefc disease virus and Duck plague virus 
were ©splayed* Tne cellular response to Raniknet disease 
virus was meagre and the tissue destruction was also minimal#
In the Duck plague infection the spectrum of inflammatory 
reaction was severe and varied. Th-sra was necrosis of tissues 
and predominantly hetorophilic infiltration and thus was 
followed by lymphocytic reaction in different tissues. Lymphoid 
nodules with germinal centres wore noticed in the visceral or^-a

Tiiia study has brought out for the first time# the nature 
of cellular response in the duck caused by a variety of agents, 
Immunogenic as well non-imnunogenic* The ultrasirustur© of 
the inflammatory cells was also studied so as to clarify tnair 
functional attributes*
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SaLootxana,S., Rillaipl.j., Naxr,O.A. and Abdulla,r,A. (1p31)* 

Cnaracteriaatxon and paLhogonxoicy of an Isolate of Newcastle disease virus (ndV-»d) frost duck# Karala J. vat* Sci, 1g (1) s 23 - 30. ~



Sutton,J,S. and Weiss,L. (1j66)« transformation of oerioayies xn xxasue culture into macroohages, 
epii-iolioiu celio and ualtinuoleatad giant cells - 
An electron micrasoupic study. J. cell. 31 o.U s
303 - 532.

Sutton,J.3* (1357), ’Jltrastructural aspects of ift vitrodevelopment of aonocy-es into macrophages, aj^tholioxd 
coils and multinucleatcd giant calls. Hat, oancor. 
Inst, lonoarapn* 26 3 71 - 141,

Screen/-,A, i, and Carlson,tt.C* (tiS3). Atlas of arxan 
aaamasology, Agric* monograph, 25* us Ubpt* 02, Agriculture - iaaoingtan*

*2*erasoKi.i?*I* (13oJ), J. £»brvol, Sxofcl. Jarohol, 2 ;
304 - 310, ~

155

Thompson,A, , Cria,A,f., Le/,£. /• (1367). Cited by Wahl,3. 1. and WahlfL.tf* (,1931)*

*fhort>20ue,G, (1359)* Ann. H.Y. Acad, 3ox. jjg 3 23/ - 241,
Toth,£,^. and Horcros3,H.m, (1331). Immune response of 

the duck to particulate (Red Blood cell) antigens, 
nyxan. 3xa. g^ i 355 ** 336,

Troutman, A« and Febigor,J. (1332). Fundamental of the 
nigtolo.r/ of Osmjutij animals, "(3omstban mb|avB.ng 
ausoai.a'SBs, new Yorkr^py* '34 *. 95.

*Tsukamoto»Y. mid Waia#3. U <J3SD), Cited by Weul,^,J. 
and Wahl,U I, (1331).

Valsaia,R*V, (I934). fno raaat cells of the daon* FRVC3
Dissortation* Srfodisli1 OSivoV s~'ty r3I~Sgr'£7^X * Uppsala.

*Von Reciclingnausen,P, w, (1363), Cited by Flor j r, I.«'.
(1962),

*Wahl»S*J., Uahl,L,M* und McCarth/,J.B. (19/3). J* x»\unol.1§1 s 342 - 960. ~



Wahl, S.11* a M  i/ahl,L.M. (1980). Modulation of fxbroblast growth i.ii functions by monokines and lyrapnokxa-s xn 
LYmohokxno3» Vol. II ads. pxck,^, and Laud/, u Aoadeuxe 
Press, New York, po: 179 - 199.

Wexs-3, L . P .  and F a w c o t t ,D .d , (1 9 5 5 )*  Cytoenem xcel o o s c r v a t io .u  
on ch ick en  ao n o ay co s , aucrD phagas and g ia n t  c o l l s  xn  
t x s o xe o ilfcu re . J ,  R istiocuea. G y to c n e ». % : 4/ -  65.

Wight,?. A. i** (1970). The mast cells of Gallaa do3Patiou3.1. Distribution and ulsrastr ucture. Acta.' 5£xxg» I S *
100 - 113*

Wight,P. A.L. and ncCRenzxe,G*M# (197$ • The most colls of 
Gallua domestlcus. II. Hlstoeaemistry* Acta* Aoat. 25 *
253 * 2^,

Wilhea»D.L* (1 j73 ) # Chemical mediators xn pie inflaa latory erg cess. Vol. li. -ds. Zuexfach, 8*./., GranSTnT a m  acCiuakey,R.i!. Academic P r e s s ,  Hew York.

William, D.L. and Mason,0. (1J5S). Vascular pcrme&oilxty changes in inflasKnavion# The role of endogenous oeraeaoilxty factors xn mild thermal injury. Jr. J.
Pathol. 41 : 487 - 356.

WilhGa,D.L. and Mason, u. (1960). Rationale of antihistamine therapy in thermal injury# An exponas ntal evaluation in the guinea pig. Brit* Med. J. g : 1141 ■* 1143.
♦Williams,i.R. and Walters, /. (1363). Cited by ?>t;a ot al.

(1531J*
♦Williams, J .ft. and Grisham, J«tf(l960)« Nat.ure.1B3 j 1203.
*Willianson,J.R. and Grxshaa,J.W, (1961)* Am. J* JPathol.

22 s 239 - 244# ~  ~
Zigsaond,3.1. and Hirsch,I.G, (19/3). Leukocyte locomotion 

and cheaotoxia* J. exg, Med. 1J£ t 3B7 - 452.
Zurier,R,3. (1974). Prostaglandins in Mediators ofinflammation Chap# 6. Gd. Weisouann,G* "pleaua press.

Now York. '"

13S

* References not consulted in original.



THE CELLULAR RESPONSE IN INFLAMMATORY 
REACTION IN THE DUCK

K. V. V A L S A L A

ABSTRACT OF A THESIS
Subm itted m partial fu lfilm ent  

of the requirem ent for the degree

f le e t e r  o f ^Philosophy
Faculty of Veterinary & Anim al Sciences 

Kerala Agricultural Un ivers ity

Departm ent of Pathology

COLLEGE OF VETERINARY AND ANIMAL SCIENCES
M A N N U TH Y, TR IC H U R  

1985



ABSTRACT
Tha cellular dynamics in duck3 associated with 

inflannatory response induced by various immunogenic and 
non-imnunogeaic agents was studied for the first tlao.
The inflam aatory response was induced in ta© web of daoiss 
us^rg turpentine, dextran sulphate, talc, Staphylococcus 
aureus# homologus erythrocytes and Freund* s complete 
adjuvant. The biopsy specimens were collected from naif 
an hour upto 21 days at specific time intervals and 
examined to assess the cellular response and the chronology 
of cellular events taking place during the emigration
process was dep xcted. The comparative features of cellular

Ievoats taking place when, differ out agents were employed 
were also clarified# The light microscopic studios we-a 
supported oy electron microscopic studios# Irrespective of 
the agents employed to elicit the inflamaatory reaction It 
was foaaa tuat tiore was emigration of heterophils and 
monoc/toxd cells from the arterioles and venules concurrently 
even though there was quantitative difference in the number 
of emigrating cells due to different agents# Imtxolly 
there was high predominance of heterophils in the exudate 
and later there was predominance of macrophages or 
Lyaphocy t«s. Pfrrtxci >atlon of oasopnxls was also evident



at the initial stags s. Lymphoid foci format ion wxth germinal 
centres particularly wnen antigenic stimulus was used was a 
characteristic feature. It was demonstrated that monocytoid 
mononuclear cells transformed into macrophage©, epithelioid 
cells and giant cells*

The morphological features of the haterophilie granules 
were studied by electronaicroscopy. Large dense granules wit i 
on© or t to electron dense core and light granule© with Xijri- 
llary matrix were seen* The process of endoc/tosis of the 
foreign body involved fusion of phagosomes* The active 
heterophil was demonstrated to contain more glycogen* The 
transformation of monocytoid cells into macropnagos was 
demonstrated to be associated with increase in also and nuiaoor 
of endoplasmic reticulum and formation of well developed golgx 
complex and lysosoaes* £pxthelioid cells were devoid of 
pnagolysosomos• It was clarified that the lymphocytes 
underwent transformation into plasma calls under antigenic 
stimulation* Tne piaanacytold transformation was evidenced 
by formation of rougn surfaced endoplasmic reticulum*

The systemic response to Ranxkhet disease virus and 
Duck plague virus was studied* The tissue destruction and 
cellular response to RD virus we^emeagre* Heterophilic and

11



i i l

monooytoid cell reaction was still the initial response*
In duck plague infection there was progressive necrosis and 
this was associated with pronounced lymphoid reaction 
indicative of an immunologic reaction* In Raoikhot disease 
infection the lymphoid reaction was not as pronounced as 
in duck plague virus infection*


