
Kerala Journal of Veterinary Science, Uol. 19, No. 2, December, 1988, P. 129-142 

INI:LAI~I~ATORY REACTIO!'~ Ih1 THE DUCK-NATURE AND 
• KINETICS 0~ CELLULAR RESPONSE* 

K. V. Valsala and M. iCrishnan Nair 

Centre of Excel/once in Pathology, 
College of Veterinary and Animal Sciences,Mannuthy, Trichur-680651 

(Received.• December 30, 1 J88) 

Extensive investigations Dave been made on the various aspects of 
inflammatory reaction in mammals. There has not been much information 
on the chemical, biological, vascular and cellular nature of the inflamma-
tory response in the avian species. Eventhough Carlson and Steer (1969), 
Nair (1973) and Awadhya et al. (1981) have made very valuable contri-
butions on the inflammatory process in the chicken, Cher© has been no 

systematic study on these in the duck. 

A clear understanding of the chronology and type of cellular invol-
vement is very essential to fix criteria for pathological diagnosis. There 
fore, with the objective of elucidating the nature and kinetics of cells 
associated with the inflammatory process, studies were undertaken by 
el iciting local inflammatory reaction employing different agents. 

Materials and Methods 

Experimental ducks 

Desi ducks in the age group of 4 to 10 weeks old were used for the 
study. 

Agents employed 

Turpentine (commercially available); Dextran sulphate (Mol wt. 
500 000); Freund's complete adjuvant (Difco) and Talc (commercially 
available): 

Preparation and administration of inocula 

The different inocula were prepared and kept in sterile utensils and 
sterile techniques were used throughout. The quantity of inoculum, •the 
route of administration and biopsy schedule are summarised in table 1. 
Subcutaneous injections of inocula were made by means of 1 ml tuber-
culin syringe and 24 gauge needles. The site for subcutaneous inocul-
ation was in the web of the leg. E3iopsies were taken at intervals as 
indicated in the table. Tlie agents employed and dose schedule adopted 
are shown in the table. 

*This formed part of the Ph.~, thesis submitted by the first author to the Kerala 
Agricultural University 

Vol. 19, No. 2, December 1988 



130 Valsala and Krishnan Nair 

Table I 
Details of ducks used, agents injected and schedule of collection of 

materials for studies 

No. Agents Quantity Time at which No.of Route of 
of injected lesions were injection injection 
ducks examinsd sites per 

duck 

10 Turpentine 0.1 ml 3Omin, 1 h, 3h, 2 Subcutaneously 
(Commer- 6h, 12h, 1 day, 

cially 2,4,6,8, 14 and 
available) 21 days 

10 Dextran O.15m1 30 min, 1 h, 2 do 
sulphate 2h, 6h, 12h, 
2% suspen- 1 day,2,4,6,8 
sion in dis- 14 and 21 days 
tilled water 

10 f=reund's O.15m1 3Omin, 1 h, 2h, 2 do 
complete 4h, 6h, 12h, 
adjuvant 1 day, 2,4,8,14 
(Dir'co) and 21 days 

10 Talc (Com- O.2ml 3Omin, 1 h, 2h, 2 do 
mercial ly 4h, 12h, 1 day, 
available) 2,4,8 and 
0.5°i° suspen- 14 days 
sion in distil-
led water 

Histopathoiogical investigation: 

Tissues collected for histopathological examination were preserved 
,in 10~~ neutral formalin. Routine paraffin embedding technique was 
adopted and tissue sections were cut at 4 to 6 F~ thickness and stained 
with haematoxylin and eosin. Wherever necessary sections were also 
stained with Van Gieson's Picrofuchsin, PAS stain, Perls stain for iron 
(Luna, 1968) and toludine blue (Padawar, 1959). 

Results 

Turpentine 

At 30 min p. i. there was severe congestion. A few numbers of 
heterophils and monocytold cells could be seen adhering to th® endothe-
lium of venules and capillaries and an occasional cell had emigrated out 
of the blood vessels (Fig.1). 
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Inflammatory reaction in the duck 131 

At three hours p.i. emigration of leucocytes was well established 
and heterophils and mononuclears were migrating concurrently former in 
much higher numbers than the latter (Fig.2). An occasional cell with 
deep staining nucleus and with 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 the 
bleb formed by the inoculum. 

At 6 h leucocytic emigration and infiltration continued to be 
prominent. The heterophils were found to b© still emigrating in higher 
numbers. A few of the monocytoid mononuclear cells were vacuolated 
and were larger than the other cells, with abundant acidophilic cytoplasm 
and open type of nucleus. Cells with the morphology of basophils were 
noticed in the sections stainer! with toludine blue which did not reveal 
typical basophilic metachromatic granules, but had a metachromatic 
colouration of the cytoplasm, 

At 12 h, p. i. migration of both heterophils and monocytoid cells 
were still taking place (Fig.3). Eventhough the heterophils were still 
emigrating in large numbers, in the intervascular area the number of 
mononuclears were found to be more (Fig.4). The monocytoid mono-
nuclears 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 cells were not prominent. 

At 24 h p.i. there was a decline in the emigration of leucocytes; 
heterophils were still found in large numbers (Fig.5). The monocytoid 
mononuclears showed a tendency to further increase in size. The cyto-
plasm was abundant and eosinophilic and some of them contained 
ingested cellular debris. Smal I lymphocyte ! ike cells were seen emigra-
ting from vessels whose endothelium was found swollen and had taken 
the form of cuboidal cells instead of a flattened appearance (Fig.6). 

Leucocytic migration was not a characteristic feature at 48 h p. i. 
eventhough many newly formed capi~laries were clogged with hetero—
phils (Fig.7). Heterophils were still seen in the inflammatory exudate, 
but the predominant feature was the presence of large number of regularly 
arranged monocytoid phagocytes and proliferating fibroblasts. Lympho—
cytes were seen in groups around blood vessels. Near the necrotic zone 
the number of giant cells had increased. 

e At four days p. i. there was not much evidence of emigration. 
Cellular exudate consisted mainly of mononuclear macrophages, lymphoid 
cells and few heterophils. This inflammatory zone was surrounded by a 
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Fig: 1 
Turpentine; 30 mts. p. :.: I~etErophils and monocytoid cEf;s 

udl~ering to tf~e endothel ium o~f ~en.,les aril capillaries 
f-i Et E x 200 

f=ig: 2 
Turpentine: 3h p. i.: Heterophils and rncnocytoid cells emigrating 

from the vesse;. H £~ E x 100 
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Fig: 3 
Turpentine: 12h p. i.: Migration of both I~eterophils and 

monocytoid ceps HEtE x 1000 

Fig: 4 

Turpentine: 12h p. i.: Intervascular area showing predominence 
of mononuclears. MEtE x 200 
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F,c~: 
Turpentine: 24h p. i.: Emigration of heteropf~ils in large 

numbers. f-I£~E x 200 

Fig: 6 
Turpentine: 24h p. i.: S~~iol len endothelial l ining of the blood 

vessel. H£tE x 800 
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Inflammatory reaction in the duck 135 

highly cellular and vascular granulation tissues. Focal areas of granula-
tion tissue had extended and merged with each other to form a highly 
vascular zone. Among the vascular groups, small collections of lympho-
cytes were present. 

At six days p. i. the lesions contained massive accumulation of 
necrotic leukocytes (Fig. 8). The zone of granulation tissue bordered by 
the giant cells was being replaced by more fibrous tissure. !n the inter—
vascular area there was predominant accumulation of lymphocytes and 
macrophages. Some of these lymphocytes could be seen infiltrating in 
the wall of veins and sometimes arterioles At eight days there was no 
qualitative difference in the lesion except that there was more collagen 
deposition. At 14 days p. i. the composition of the lesion was similar 
but the granulation tissue was more compact with increased number of 
lymphocytes. Fibrosis was very prominent. 

At 21 days p. i. fibrous tissue had completely replaced the necrotic 
tissue. The cellular component was very sparse with occasional groups 
of lymphocytes and a few macrophages. 

Dextran sulphate: 

~ At 30 minutes p. i. there was slight congestion of blood vessels. 
~ An occasional heterophil was seen emigrating. At one hour p. 'r. emigra-

tion was little more pronounced. The vessel walls were paved with 
leucocytes and there appeared to be concurrent emigration of heterophils 
and monocytoid cells, although the number of monocytoid cells was few 
(Fig.9) . 

Concurrent emigration of both heterophils and monocytoid cells 
persisted even at 6 hours p. i. with a preponderance of monocytoid cells. 
At 12 hours p. i. reaction appeared maximal. The monocytoid cells 
showed varying levels of morphological alterations in size, shape and 
tinctorial properties. The cytoplasm be;.ame foamy and revealed 
numsrous granules while the nucleus appeared large and pale. A few 

giant cells were also seen. Both in the macrophages and giant cells 

phagocytic vacuoles were seen in plenty. A few lymphocytes were seen 
lying on the endothel ial surface of the venules. 

At 24 hours p. i. there was decline in the emigration of heterophils 

and monocytoid cells. Some of the macrophages have become large 

measuring 20 ,~~ in diameter with acidophilic coarsely granular cytoplasm 

with irregular and ruffled cell membrane. Cells indifferent stages of mor-
phological transition from the typical blood monocytes to large macro-

phages were found scattered in the perivascular and intervascular ar®as. 
Small lymphoid accumulations were noticed in the perivascular area. 
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Two to four days p. i, migration of heterophils and monocytoid cells 
was not seen but lymphocytes could be seen still migrating to form lym-
phoid foci perivascularly. These lymphocytes did not show any tendency 
to spread out into th® intervascular area. Cells with the typical morpho-
logy of macrophage some of them reaching sizes upto 3011 were 
observed. 

At six and eight dsys p. i. the lesion was rnostly composed of 
macrophages. Lymphoid cells had aggregated into nodules (Fig.10). 
Emigration of all types of leucocytes had completely stopped at 14 days 
p. i. Loosely arranged macrophages and fibroblasts were seen. 

Freund's complete adjuvant: 

Emigration of leucocytes was well establ ished at one hour after 
injection and heterophils and mononuclears appeared concurrently emigra-
ting at all stages. The reaction was maximal at 12-24 h and minimal 
by the 14th day of injection. There was heterophil ic predominance in 
the intervascular areas until 24h. During this time heterophils appeared 
to be emigrating in higher numbers than the monocytes. From 12 h 
onwards the monocytes gradually increased in size with pale staining 
eosinophil ic cytoplasm. A few of the cells were in mitosis. From 2~ h 
onwards there was a prepondarence of mononuclear cells. After two days 
large number of the monocytoid cells became enlarged. Some of them 
showed a tendency for close apposition and resembled epithelioid cells. 
Leucocytic emigration was still seen and lymphoid foci were present 
(Fig.1 1). At four days the differentiation and orientation of the mono-
nuclear cells became more definite. A number of fibroblasts were seen 
amongst the mononuclear cells. Lymyhoid foci were numerous and there 
was further an increase in the number• of blast cells amongst the small 
lymphocytes. These cells were also ssen spreading into the intervascular 
areas. 

At eight days, migration of leucocytes appeared to have declined 
but the mononuclear cells appeared emigrating in larger proportion. Epi-
thelioid cells and a few giant cells were seen around the inoculum. A 
number of lymphoid foci appeared to be forming around newly formed 
vessels in the inner zone of the advancing granulation tissue. A large 
number of mature and immature plasma cells was also noticed amidst tho 
lymphoid cells. 

At 14 days the zone of granulation tissue was more extensive but 
not as cellular and vascularised as it was earlier. E.arge giant cells were 
seen loaded with phagocytosed material. Secondary lymphoid nodules 
in the peripheral areas were noticed and were smaller in size. 
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~~ 
Fig: 7 

Turpentine: 6 days p, i .: Nfassive accumulation of necrotic 
leucocytes. HEtE x 150 

Fig: 8 
Dex!ran su!ph3te: 30mts. p. i.: Congestion of blood vessels 

and p3vementation of leucocytes. HEtE x 200 
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Fig: 9 

Dextran sulphate: 6h p. i .: Concurrent emigration of both 

heterophi ls a~~d r~ionocytoid cel ls. HErE x ~ 0~ 

Fi;: 1 0 
Dextran sulphate: Eight days p. i.: Lym~ho;d eels acgregates 

into no!ules. HErE x 1 OU 

Kerala J. vet. Sci. 



Inflammatory resction ~n the duck 139 

Fig: 1 1 
Frer.rnd's complets adjuvant: 24h p, i.: Lymphoid foci seen 

in tha reaction zone. H~rE x 200 

At 21 days peripheral fibrous zone was more extensive and in its 
peripheral areas the collagen was in the process of resorption and remo-
delling. The inner zone was stil l highly vascularised and leucocytes 
were stil l seen emigrating from the newly firmed vessels. Few secondary 
granulomas consisting of fibronecrotic material and surrounded by giant 
cells, epithelioid cells, macrophages and lymphocytes were also seen. 
The lymphoid foci were still seen but there appeared to be a reduction in 
the number of blast cells. 

Talc: 
The cellular reaction was very minimal upto two hours and signi-

ficant emigration was noticed only after four hours. The emigration was 
concurrent. A few cells with the morphology of basophils but with no 
metachromatic granules were notice:i. These cells were probably degra—
nulated basophils. After 12 h the population of heterophils was very 
scanty and most of tine cells ,,vl~ich had moved away had degranulated. 
After 24 h there was predominance of mononuclear cells in the locations 
where talcum particles were present. There were few macrophages and 
giant cells. Small lymphoid accumulations were seen in the perivascular 
locations. At four days the number of heterophil was only few, even 
though some vessels were pave:nanted with heterophils. Giant cells were 
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seen palisaded in areas where talc particles were seen. Some giant cel ls 
were seen to contain talc particle. At eight days lesion was that of a 
cranulom<a witf~ macrophages and giant cells many of them containing 
t~ !c crystals. Numerous fibroblasts had encapsulated the granuloma. 
rafter 14 days the lesion was of a compact encapsulated granuiome with 
g ant cel ls and few m~:crophages. Except for an occasional lymphocyte 
tf~are was no other characteristic cel lular reaction away from the 
granuloma. 

Discussion 

The basic cel lular response of duc!<s due to inflammatory reaction 
induced by various agents was more or less similar to that described in 
tl~~ fowl by Nair (1973). Eventhough Illig (1961) reported that the 
sticking of leucocytes to the endothelium was confined to the venules, 
it was observed tl'~at in the duck both venules and arterioles were involved 
in this phenomenon. Janoff and ZweifacF~ (196Y) also made such an 
observatio~~ in mammals whin employing cationic proteins. 

Irrespective of the agents employed it was clear from this investi-
gation that emigration of leucocytes was always concurrent eventhough 
there was quantitative difference in the number of different col Is that have 
emigrated. Although no temporal or topographic dissociation in the 
emigration of leucocytes was seen, it w~:s obvious that the heterophils 
were emigrating in sufficiently higher numbers than the mononuclear 
cells during the early phase of inflammation and thereatter the latter cells 
appeared to emigrate in higher numbers than the former. This observation 
was in agreement with that of Paz and Spector (1962) and Nair (1973). 
Eventfiough there was no quantitative difference in the emigrating cells, 
it was evident that the onset and intensity of emigration of leucocytes 
varied with the irritant employed. For example with turpentine emigration 
of heterophils was massive during the early phases while it was scanty and 
of delayed onset ~,vhen talc was employed. Similarly when agents like 
Freund's complete adjuant and Dextran sulphate were used there was 
prolonged and continuous emigration of mononuclear cells. 

After about two days eventhough the heterophils were emigrating 
in large numbers there appeared to be an increase in the mononuclears. 
Nair (1973) suggested that this predominance could be due to massive 
destruction of heterophils continued emigration of monocytes and local 
proliferation of haematogenous monocytoid cells. 

The second wave of heterophilic migration could be due to focal 
tissue destruction liberating mediators or due to tf~e continued action of 
the irritant itself. 
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I n the light microscopy it was found to be very difficult to demon-
strat ethe basophils probably because of their few numbers or because 
of their degranulation. 

The monocytes which emigrated to intervascular areas; exhibited 
gradual morphological changes. These changes were characterised by 
an increase in size, and an open pale staining nucleus. The macrophages 
were found to be efficient phagocytes as revealed by ih~ ingestion of 
vari®ties of particulate materials like dextran sulphate and talc. The 
dynamics of changes and the transformation of mononuclear phagocyte 
appeared to be dependent on the nature of irritant. 

In the reaction induced by Freund's complete adjuvant I~.rge 
numbers of pale staining epithelioid cel ls were seen. Epitheloid type 
cells were scanty when other agents were used. Nair (1973) suggested 
that in the fowl epithelioid cells probably deveveloped from macrophages 
which were immobil ized at the site of inflammation without being called 
upon to undertake phagocytosis or when phagocytosis or pinocytosis 
resulted in complete elimination of the particle or when the irritant was 
digestible and not acutely toxic to the macrophages. 

Giant cells were noticed during the later stages of the inflammatory 
reaction. This was very much pronounced when talc, Freund's adjuvant 
and homologus erythrocytes were administered. 

Nair (1973) reported that one consistent observation in the fowl 
was the presence of lymphoid foci in the inflamed tissue. In the present 
study emigration of lymphocytes and formation of nodular accumulations 
perivascularly were also noticed. But this was quantitatively of lesser 
intensity than that reported in chicken. It is not clear from this investi-
gation whether this represented a qualitative difference in the dynamics 
and circulatory pathway of lymphocytes. 

The emigration of small lymphocytes seen during the early phase of 
the reaction continued till lymphoid accumulations were seen. The emi-
gration was not marked when dextran sulphate was employed, Nair 
(1973) postulated that in the fowl the mucopolysaccharide content of 
basophils liberated during degranulation inhibited the spread of lympho-
cytes after emigration. The inhibited lymphocytes along with -the 
proliferated reticuloendothelial cells resulted in the formation of a replica 
of an anatomical and functional (ymphnodule. Secondary nodules were 
seen forming in the lymphoid foci when antigenic substances like Freund's 
adjuvant was used. 

It was not possible from this study to assess the response of 
eosinophils in inflammatory rection in the duck. In histological sections, 
identification of eosinophil from the heterophil was difficult because of 
the similarity of the appearance of heterophilic and,eosinophilic granules. 
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In the local inflammatory reaction, repair was associated with active 
fibroplasia. When the irritant persisted at the site there was an attempt 
to encapsulate the irritant and the reaction was identical to that in the 
mammals. 

Summary 

Astudy of cellular dynamics of inflammatory reaction in the duck 
was made employing , turpentine, dextran sulphate, talc and Freund's 
complete adjuvant. Irrespective of the agents employed it was found that 
there was emigration of cells from the arterioles and venules after leuco-
cyte adherence to the endothel ium. The emigration of heterophils and 
monocytoid cells was concurrent eventhough there was quantitative 
difference in the number of emigrating cells due to different aetiological 
agents. Initially there was heterophil ic predominance which was later 
followed by a predominance of macrophages and lymphocytes. The 
monocytoid mononuclears were the haematogenous elements which 
transformed to macrophages, epithelioid cells and giant cells. The 
histogenesis of lymphoid foci and epithelioid cells was investigated. 

References 

Awadhya, R. P., Vegad, J. L. and Kolte, J. N. (1981). Microscopic study 
of increased vascular permeability and leucocyte emigration in 
chicken wing webs. Res. Vet. Sci. 31 : 231 -35. 

Carlson, H. C. and Steer, J. (1969). The acute inflammatory reaction in 
chicken skin. Blood cellular respone. Avian. Dis. 13: 817-833. 

Illig, L. (1961). Die Termina/e Stranbahn. Springer, Berlin. 

Janoff, A. and Zweifach, B. W. (1954). Adhesion and emigration of 
leucocytes produced by cationic proteins by lysosomes. Science. 
144: 1456-58. 

Launa, G. L. (1968). Manual of histologic staining methods of AFIP. 
3rd ed. Mc Graw Hiil Book Co. New York. 

Nair, M. K. (1973). The early inflammatory reaction in the fowl. A 
light microscopical ultrasiructural and autoradiographic study. 
Acta Vet. Scand. Suppl. 42: 1-103. 

Padawar, J. (1959) A stain for mast colts and its application in various 
vertebrates and in Mastocytoma. J. Histochem. Cyto Chem. 7: 
352-663. 

Paz, R. A, and Spector, W. G. (1962}. The mononuclear response to 
injury. J. Path. Bact. 84: 85-103. 

Kerala J. vet. ~ci. 


