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Extensive studies have b9en conducted 
on the uitrastructural changes associated 
with mammalian neutrophils and to some 
extent in thQ chicken heeerophil in inflam-
matory reactions (Maxwell and Trejo, 
1970). Ericsson and Nair, 1973, Nair, 
1973}. The kinetics of cellular response 
in the inflammatory reaction in the duck 
sho~vedth©involvement of heterophil as 
a predo~~inant cell in the early phase 
{Valsala and Nair, 1988). There is very 
little information on the ultrastructure of 
the heterophil of the duck during inflam-
matory reaction and the role of heterophi I 
granules in endocytosis. This study was 
conducted to clariTy the ultrastructure of 
the normal duck heterophil during the 
various stages of its formation and after its 
emigration at the inflammatory site. 

Materials and (Methods 

4-10 weeks old desi ducks were used. 
Dextran sulphate 2% suspension in dis-
tilled water and an avian strain of Staphy-
lococcus aureus was used to induce 
inflammatory reaction in the web ofi the 
foot. Bone marrow v~ras collected from 
uninoculated ducks to study the maturation 
of normal heterophils. 

The inflammatory lesions wer® exa-
mined at 1 h, 4 li, 12 h and on days 1, 2, 4 
and 8. The tissues ~,vere fixed in a mixture 

ofi 1.5% parafiormaldet~yde in 0.2 M 
phosphate buffer at 4°, dehydrated acid 
embedded in epon. Ultrathin sections 
were cut ire an LI<B ultratome and mounted 
on copper grids and double stained with 
aquoous solutions of uranyl acetate and 
lead. They were examined in a Hitachi 
600 A electron microscope at 7b KV. 

Results 

The mature heterophil had an irregular 
contour with numerous villous and pseu-
dopodia! projections. Two types of 
granules, a large dense type and a fibrillary 
typ© were seen in the cytoplasm. The 
chromatin appeared mostly as heteroch-
romatin. Nucleolus was not evident in 
most of the cells and when present was 
not prominent. The nuclous of the imma-
ture stages ofi heterophil found in the bone 
marrow was large, round and contained 
predominantly euchromatin. Nucleolus 
was single or multiple with thy: granular and 
fibrillary components clearly discernible. 
Nuc(oar pores were found in large numbers. 
During the process of maturation ih® 
nuclzus became reduced in size and lobuf-
ated. The myelocytic stage contained 
numerous strands of rough surfaced endo-
plasmic reticulum (RER) containing 
flocculent electron dense material and 
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many free ribosomes. The mature hetero-
phil had only few strands of RER. Free 
ribosomes were also not very much in 
evidence in the mature heterophil while 
glycogen was present in small quantities 
both as alpha and beta particles. In the 
myelocytic stage, the golgi zone was well 
developed with stacks of cisternae. There 
was evidence that some cisternae and 
vesicles of the golgi apparatus contained 
electron dense material. Some of these 
vacuoles were seen budding of firom the 
concave surface of Golgi lamellae. Num-
erous membrane bound large electron 
dense granules, spherical, ova! or round 
were seen at this stage. As the cells 
matured to metamyelocytes and adult 
heterophils these granules become large 
and more elongate and cucumber shaped 
probably due to fusion of the pre-existing 
smaller granules. During the immature 
stage many of these granules presented 
well defined oval and circular electron 
Lucent regions within them. But in the 
mature heterophils these areas became 
electron dense and became very clearl;r 
distinguishable. In addition to the large 
electron dense regions, many similar but 
smaller foci were also noticed in the 
granules (Fig. 1 }. The mature granules 
varied in size and they had a length upto 
40 nm. The fibrillary type of granule did 
not show the electron dense core areas. 

Another type of granule which was 
smaller in size, less eletron dense and 
fibrillary in nature was also seen. Tliey 
were fewer in numbers. The immature 
heterophil had moderate number of large 
mitochondria with well developed cristae, 
mostly oblong in shape. The mitochondria 
in the mature heterophil were comparatively 
smaller. 

The exudate heterophils after emigr-
ation showed varying grades of morpholo-
gical alterations de~~ending on the etioio- 
gical agent. At one extreme there were 
cells with almost a washed out appearance 
of the cytoplasm with only a few granufas 
remain'sng white other cells showed a 
homogenous matrix with a swollen mitoc-
hondria and with ail the granules remain-
ing intact (Fig. 2 & 3). Phagosomes cont-
aining either S, aureus ordextran sulphate 
were noticed in some of the exudate cells 
(Fig. 4). Many profiles of fusion between 
the granules and between the endocytic 
vacuole and the granules were seen. Large 
configurations indicative of such fusion 
were observed. The emigrated hetero-
phils had an increased amount of 
glycogen in the early stage but subsequ-
ently this was reduced and was absent. 
Occasionally heterophilic granules liberated 
from necrotic cells were found extra cei-
lu(arly• The phenomenon of degranuiation 
was noticed in the heterophlis after ®ndo—
cytosis. 

Discussion 

The ultrastructural features of the 
developing and mature heterophils in the 
normal bane marrow were more or less 
similar to those described earlier in chicken 
(Enbargs and Kriesten, 1968, Deingra et al. 
1969, Maxwell and Trejo, 1970 and Rlair, 
1973), except that it was possible to 
discern morphologically only two types of 
granules. The small dense granules 
described in chicken heterophils by Nair 
(1973) could not be seen in duck 
heterophils. The electron lucent areas of 
the granufas. seen in immature cells 
became electron dense as the cells matured 
indicating incorporation of additional 
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Fig. 1. 

Electron micrograph of a 

mature heterophil showing 

large dense granules (D) 

showing electrondense core 

areas. Few fibrillary type 

granules (F) are also seen. 

N — nucleus x 16,000 

Fig. 2. 

Electron micrograph of an 

exudate heterophil showing 

fusion of (D) granules. 

Complete lack of other cyto_ 

plasmic organelles x 16,000. 
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Fig. 3. 

Electron micregraph of ex-

udate heterophil showing 

numerous large dense gran-

ules (D) with alectrondense 
foci within sham. Mitocho-

ndria (M) show partial lysis 

of cristae. 

fJ — nucleus x 12,600 

Fig. 4. 

Electron micrograph of a;~ 
i 
'.~ exudate heterophil showing 

phagosome containing .S. 

aureus. Profiles of granule 

phagosome fusion seen 

N — nucleus x ' 6,000. 
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material. Since no histochemical studies 
were conducted it has not been possible to 
ascertain whether both these types of 
granules contained hydrolytic enzymes and 
could be considered as lysosomes. The 
vacuoles with electron dense contents 
seen in the Golgi zone seem to represent 
distinctive precursor stages in the formation 
of the granules (Nair, 1973). The result 
of the investigation show that the hetero-

phils in the duck emigrated at the in-
flammatory site and are efficient 
phagocytes. The process of endocytosis 
was similar to that earlier described for 
chicken heterophils and macrophages 
(Nair, 1973, 1989). Further study is needed 
to clarify the chernical nature of bacterial 
killing and degradation. There was 
degranulation after endocytosis but the 

suggestion of Bainton (197) that there 
was a definite sequence of degranulation 
with the specific granules degranulating 
befor© tha azurophilic granules, could not 
be confirmed in this study. Compared to 

the other cytoplasmic organel les of the 
heterophils. the granules appeared to be 
more resistant to exogenic substances. 
[hut during phagocytosis there was lysis of 

the granule membrane, The reduction of 
glycogen during the later stages in the 
inflammatory exudate is consistent with 

the view that in inflammatory exudate in 
which available glucose may be limited, 
glycogen may bo used (Wulf, 1962} and 
that the energy source for actual engulf-

ment of b~ cteria or inert particles is clearly 
derived from glycolysis (Sbarra and 
Karnovsky, 1959: Cohn and Morse, 1960; 

Karnovsky, 1962). The alterations in 
mitochondria and other cellular organel les 
showed great variation. 
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Summary 

The ultrastructural features of the 
developing heterophil of th© duck showed 

maturation in the bone marrow. The 
formation of granules was associated with 
Golgi complex. The nuclear changes 
associated with maturation was a redu—
ction in the size with predominance of 
heterochromatin than euchrornatin in it. 
In the mature heterophil morphologically 

two types of granules, a larga dense type 
and a fibrillary type were noticed. Electron 
dense areas ever© seen in the large dense 
granules. At the inflammatory site the 
heterophil showed capacity for endocytosis. 
Endocytosis was associated with fusion 
with the granule membrane and 
subsequent degranulation. Thero was 
reduction of glycogen in the exudate 

heterophil which showed varying grades 
of organellar damage. 
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