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Abstract. The fine structure of Setaria digitata based on histological assessment is
described. The cuticle is thick and multilayered. The well developed longitudinal muscles
consists of fibrillar zone only and cover about 65.-70% of the circumferences throughout
its body, the rest being occupied by the very voluminous lateral h.ypodermal chords. The
digestive system is well developed and the intestine possesses a narrow simple tube
consisting of a single layer of epithelial cells. The paired genital tubes run through almost
the entire length of the body until the two uteri unite to form a short unpaired vagina.
Morphologically distinct spermatheca is absent, but posterior part of uterus serves the
function. Gradation of developmental stages-fertilized egg to microfilariae-occur from
posterior to anterior part of uterus. The developing embryos are interconnected and also
connected to the uterine wall. This condition commences from early embryogenesis and
exists up to hatching stage. Probable function of these connections in the synchronised
development of embryos and as 'nutritive channels' for the supply of nutrients has been
discussed.
Keywords. Setaria digitata; filariae; embryonic interconnections; spermatheca; nutrient
channels.

1. Introduction
Setaria diqitata (von Linstow 1906) has been known for many years (Boulenger
1921; Thwaite 1927; Sheng 1958) but it is not satisfactorily described in the literature.
S. diqitata is a filarial parasite inhabiting the peritoneal cavity of cattle. It's general

features had been reviewed by Sheng (1959). The species was first described by von
Linstow (1906) as Filaria diqitata from Bos indicus in Colombo. He had shown that
it possesses rounded tail and later it was considered as one of the important
distinctive characters. A few years later Raillet and Henry (1911) moved the species
to the genus Setaria. The species S. digitata closely resembles S. cervi described by
Maplestone (1931) from Cervus axis in the Zoological Garden, Calcutta (Sheng
1959). Even S. cervi has not been described in detail. Differentiation of both the
species was demonstrated by Sheng (1958).
The parasite which had been described (Sheng 1959) possess a thick smooth
cuticle and has a length of 65-75 mm and a maximum breadth of 0·5-0·7 mm. The
oesophagus is 6-7 mm long, the anterior part measuring 0·5-0·6 mm and the
posterior part 5·5-6·5 mm. The vulval opening is 0·5-0·6 mm from the mouth. The
tail ends in a terminal spherical knob which may be perfectly smooth or slightly
roughened with a papillated surface. The lateral caudal appendages are well
developed. However, except these external features no information about its
histological details are available.
As this species is being used as a model system for study of filariasis in this
laboratory and due to lack of clear· details especially of its female reproductive
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system which has now become a focus of detailed biochemical and immunological
studies, a detailed study of the structural features of S. diqitata has been carried out.

2. Materials and methods
Adult S. diqitata were collected from freshly slaughtered cattle in Tyrode solution.
Healthy adults were fixed in Zenker's fluid overnight. The fixed worms were washed
in repeated changes of 70% alcohol until it became colourless, and rapidly
dehydrated by passage through graded ethanol, cleared in methyl benzoate and
then embedded in celloidin and paraffin. Celloidin, 1 and 3% (w/v) in methyl
benzoate and paraffin with 20% (w/w) Bee wax were used for embedding. The first
embedding was carried out in 1 and 3% celloidin for 24 and 48 h respectively at
room temperature. Second embedding was carried out in paraffin-Bee wax mixture
at 60°C.
Paraffin blocks were prepared and sections cut at 8 Jlm thickness using a rotary
microtome. The sections were spread on glass slide coated with Mayer's albumin,
de-waxed in xylene, dehydrated by passage through descending series concentration
of ethanol to distilled water, stained in Harris' haematoxylin and counterstained
with eosin. Standard histochemical techniques (Pearse 1968) were used throughout
the procedure. The stained sections were dehydrated in ethanol series, cleared in
xylene and mounted in DPX. The whole reproductive system and digestive system
were dissected out and whole mount prepared for studying external morphology of
both systems. Structural studies were carried out by optical microscope.

3. Results
3.1

Cuticle

Cuticle was observed as 4 layered with thick and unstained outer layer followed by
intensely stained and faintly stained middle layers and the intensely stained
basement layer (figures 1, 2).

3.2 Hypodermis or subcuticular layer
Hypodermis was observed as a thin layer beneath the cuticle and was
characteristically thickened in the dorsal, ventral and lateral positions (figure 3) to
form 4 hypodermal chords. The lateral chords were very prominent and protrude
into the pseudocoelomic cavity between the somatic muscle.

3.3

Lateral line

Lateral line possess a flat structure with a canal of the excretory system passing
through its centre (figures 1, 4). The suspensory cell layer, a distinct part stained
with haematoxylin and projection of cuticle were clear (figure 4).

3.4 Somatic muscle
Somatic muscle was observed as a thick layer beneath hypodermis and the lateral
hypodermal chords divide them into two major fields each with large number of
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Figures 1-5. I. TS of S. diqitatu through vagina (75: I). 2. TS of cuticle. a small portion
of figure 1 (2000: I). 3. TS of mid-body region. broader posterior part of uterus contains
developing embryos. narrow anterior part of uterus contains cross sections of mf
(200: I). 4. TS of lateral line (250: I). 5. TS of muscular layer. narrow longitudinal
muscles possess only fibrillar zone (1000: I).
(bl. Basement layer: cu. cuticle: ec. excretory canal: hy, hypodermis: in. intestine: lc, lateral
hypodermal chord: m, muscular layer: me, muscle cells: ml. thick middle layer: rnu, outer
mucous layer: nco nerve chord: 01. outer thin layer: pc, projection of cuticle).

muscle rows i.e. polymyarian type (figure 3). The muscle cells were very narrow
with one surface applied to the hypodermis and the other tapering surface,
projecting into the pseudocoelomic cavity. Clear distinction of muscle cells into
fibrillar and protoplasmic part was not evident (figure 5). Neuromuscular processes
were very prominent. interconnected and directed towards nerve chord (figure 6).
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Figures 6-9. 6. TS through sub-anterior part of body, broader anterior part of uterus
and narrower sub-anterior part of uterus consists entirely of rnf, neuromuscular processes
very prominent and directed towards nerve chords (200; I). 7. TS of anterior part of
body through oesophagus (200; I). 8. TS of posterior part of body through ovary
(200: 1). 9. Egg clusters, growing eggs clustered around a central axis (200: I).

(ec, Egg cluster; in. intestine; nc, nerve chord; ne, neuromuscular connections; oe,
oesophagus; og, ovary germinal zone; ogr, ovary growth zone; pco, pseudocoelomic cavity;
u, uterus; v. vagina).

The longitudinal muscle layer cover about 65-70% of the circumference through
almost entire length of the body, the rest being occupied by the very voluminous
lateral hypodermal chords.
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3.5 Digestive system
Digestive system is well developed in S. diqitata. It's general morphology as
reviewed by Sheng (1959) having distinct mouth, pharynx, intestine and anus.
Pharynx possess centrally a narrow lumen surrounded by muscular tissue (figure 7).
The intestine is a narrow simple tube consisting of a single layer of epithelial cells.

3.6 Female reproductive system
Didelphic (figure 15) type of female reproductive system was observed in S.

digitata. Vulva beside mouth was surrounded by broad cuticular ring. Uncoiled
vagina (15-20 mm) passes into two opisthodelphic and coiled uteri with narrow
middle region and broader anterior as well as posterior regions (figure 15). Oviduct
was very shorter (5 mm) and narrower. Telogonic ovary, 30-40 mm length ends
blindly at tail region of the parasite and divided into growth and germinal zones.
Short germinal zone was at the free end of the ovary and the presence of central
rachis was not evident (figure 8). Spindle shaped oogonial cells at the growth zone
were arranged freely in clusters around a central axis (figures 8, 9). The oogonial
cells were more oval at the anterior part of ovary near oviduct.
Morphologically distinct spermatheca was absent, while posterior part of the
uterus adjacent to which it meets the oviduct was broader and observed as sperm
storage region (figure 15). Beyond the sperm storage region there was a gradation of
developmental stages from early embryos at posterior part of uterus (figure 10) to
fully embryonated eggs (figure 11) at middle part of uterus. Accumulation of
microfilariae (mf) could be seen at the anterior part of uterus (figure 6) and in
vagina (figure 1).
Embryos during development were not freely suspended in the uterus, but were
interconnected and connected to the uterine wall. This condition was observed in
early embryos (figures 12, 13) and upto hatching stage (figure 14).

4. Discussion
The species S. digitata was first described by von Linstow (1906). Its morphological
structure had been re-described by Boulenger (1921) and reviewed by Sheng (1959).
However, these reports were based on the values of measurements of worms and
external structures. But detailed histological structure of the parasite was missing
and hence the detailed histochemical study has been carried out to know the
structure of female reproductive system.
The species described here was identified by London School of Tropical Medicine
as S. digitata. The presence of similar external features in this species as that
described by Sheng (1959) justifies their identity, eventhough the average size of the
worm was little higher (70--90 mm) than the earlier report (65-75 mm).
The cuticle had been shown to possess 5 layers in S. cervi (Kagei 1960a, b) and 7
layers in Litomosoides carinii (Kagei 1963) under electron microscope, while both of
these filarial parasites showed two layers under optical microscope. Eventhough the
cuticle of S. digitata was observed as 4 layered (figure 7) it appears to possess still
more layers (figure 2) with optical microscope. As the nematode cuticle appears
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Figures

1~14.

For caption. see page no. 112.
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F"tglIR 15. Diagram showing female reproductive system of S. diqitata; vagina and
anterior part of uterus consists entirely of mf
(vu, Vulva; in, intestine; v, vagina; Urn, uterus rnf zone; Ue, uterus embryo zone; sp,
spermatheca; od, oviduct; ogr, ovary growth zone; og, ovary germinal zone),
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generally multilayered (Lee 1972) S. digitata should also possess the generalized
structure.
Lateral line with the optical microscope consists of a characteristic structure
which resembles that reported in L. carinii (Kagei 1963). The part stained with
haematoxylin in the central of suspensory cell layer in L. carinii consists of a tube
(Kagei 1963). In S. digitata the haematoxylin stained region in the central of
suspensory cell layer and projections of cuticle as in L. carinii (Hyashi 1959; Kagei
1963) is evident. The carrying cell layer as described by Hyashi (1959) has not been
observed in S. diqitata.
The hypodermis of the simplest forms of nematodes has been described as being
cellular by Chitwood and Chitwood (1950). In the more complex forms however,
the hypodermis is usually syncytial (Bird and Bird 1969; Bird 1971) particularly in
adults. Similar condition appears to be existing in adult S. digitata which is also a
complex form of nematode.
The muscular layer of cattle filaria S. cervi, has been reported (Kagei 1960a, b) to
be divided into contractile fibrillar zone and non-contractile protoplasmic zone
(coelomyarian type). While, in the closely related cattle filaria S. digitata no such
differentiation could be recognized (figure 5), but appears to be completely fibrillar
(circomyarian type) as reported in cotton rat filaria L. carinii (Kagei 1963). Both
these types are frequent in nematode somatic muscle (Bird 1971). It is quite clear
(figure 6) that the muscle cells of S. digitata are interconnected in a complex
manner. This arrangement was postulated to be necessary for efficient muscular coordination, particularly in the larger nematodes (Bird 1971).
Didelphic and opisthodelphic type of reproductive system observed in female
S. diqitata is a feature noted in many filarial parasites like Filaria martis (Anderson
1960), Splendidofilaria spp (Bartlett and Anderson 1985) and Oncocerea volvulus
(Striebel 1988). The opening of vulva at anterior part of the parasite is characteristic
feature of the genus Setaria (Sheng 1959). The elaborate reproductive system having
a length of 135-195 mm, while the worm having 70-90 mm in length make the
worm an mf producing machine.
The germinal zone of the telogonic ovary in S. diqitata is short as in Meloidogyne
javaniea (Hirchmann 1971) and Anguina tritiei (Triantophyllou and Hirchmann
1966). This is the region of active proliferation and consequently generate oogonial
cells. At the growth zone, the oogonial cells increase in size and become spindle
shaped as in Filaria martis (Anderson 1960).
Structurally distinct spermatheca has been well established in many nematodes
like the filarial parasite F. martis (Anderson 1960) and in the plant parasitic
nematodes M. javaniea (Hirchmann 1971) and A. tritici (Triantophyllou and
Hirchmann 1966). Eventhough such a structurally distinct spermatheca was absent
in S. digitata, a region of uterus adjacent to where it meets the oviduct performs the
same function.
Since at the sperm storage region sperms could be seen intermingled with eggs, it
is suggested that fertilization is taking place at this region. After fertilization the
eggs undergo embryogenesis and finally a fully embryonated egg is produced. The
region of transition of embryos to mf observed at the middle part of the narrower
region of the uterus indicates that hatching process is taking place at this region.
Release of young juveniles is a peculiarity of filarial parasites, and sometimes they
are referred as 'viviparous'. S. digitata releases large number of mf and so belongs to
the 'viviparous' group.
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The interconnections of developing embryos and their connection with uterine
wall is a new observation made in S. digitata (figures 13, 14). This peculiarity noted
in S. diqitata has not so far been observed in any other nematode including the
same genus. Eventhough these connections some how, resembles that of vascular
connections of mammals and some other vertebrates (Balinsky 1976), which are
advanced animals, the function of such connections in this primitive class is not
clear. In the human filarial parasite O. volvulus, nutrient channels extending from
uterine wall to the embryos has been proposed to be present (Schulz-key 1988)
eventhough such channels were not observed in the histological examination
(Buttner et al 1988). Whereas, in S. digitata the embryonic interconnections
observed are similar to that of the proposed channels in O. volvulus, and likely to
function as 'nutrient channels'. In addition, synchronised development and
systematic distribution pattern of developing embryos inside uterus may be due to
physical support provided by these connections so that various embryonic stages
are arranged sequentially and located inside the genital tract at its specific level.
However, it provides additional points to consider the species under viviparous
group.
The general morphology of the parasite in many respects agree with the details
provided for filarial parasites such as O. volvulus, L. carinii and S. ceroi. However,
the present study provide additional information on the morphological features and
in addition points out the differences. The embryonic interconnections noted in the
reproductive system is very peculiar since such structures have not been observed so
far. If it possess the function of nutrient circulation resembling placent in mammals,
it will carry some evolutionary significance like co-evolution of the 'viviparous'
nematode with advanced viviparous mammalian host. However, an exact function
of these connections have to be understood before any conclusion could be drawn.
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Figures 16-14. 10. TS of posterior part of body, broader posterior part of uterus consists
of embryos at early stages (200: 1). 11. TS of middle part of body, middle part of uterus
(broader) consists of fully matured embryos interconnected and connected to uterine wall,
narrow anterior part of uterus consists entirely of microfilariae (the embryonic
interconnections are missing) (200: I). 12. TS through posterior part of uterus,
developing embryos interconnected and connected to uterine wall (375: 1). 13. TS of
posterior region of uterus, more advanced stage than that of figure 12 (675: 1). 14. TS of
middle part of uterus, fully matured embryos still interconnected and connected to uterine
wall (675: I).
(eh, Embryos at hatching stage).

