
The ultrastructure of the contact surfaces (integument and intestinal wall) of the nematode Passalurus
ambiguus has been studied. The integument is composed according to the scheme common for all nema-
todes and includes a cuticle, hypodermis and a muscular layer. The specificity is with regard to the epi-
cuticle, the different number of the cuticular sublayers in the anterior, central and the posterior parts of
the worm body and the absence of a basal cuticular membrane. The intestinal wall consists of epithelial
cells with microvilli. The ultrastructural characteristics of both contact surfaces indicate their main func-
tions – absorption, secretion, transport, protection, movement, etc.
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INTRODUCTION

Parasitic nematodes come into contact with their hosts by their cuticle and intestinal
wall. A lot of ultrastructural investigations are focussed on these zones [3–9, 11–13].
Despite the general scheme these zones are constructed after, in the framework of the
individual genders and even species, specific details are established. In the present
paper an ultrastructural characterization of the integument and the intestinal wall of
the rabbit nematode Passalurus ambiguus, has been carried out. This is necessary for
the clarification of the biological functions of these two zones as well as the parasite-
host interactions [16]. A better understanding on the ultrastructural organization of
the parasitic nematodes brings about to the identification of the phylogenetic links
between the different species.
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MATERIALS AND METHODS

Adult P. ambiguus have been isolated from the appendix of naturally infected rabbits.
Areas with the size of 1 mm3 from the anterior, central and posterior parts of the
nematode body have been investigated. The samples were fixed for 4 h, 0–4 °C in
4% glutaraldehyde in 0.1 M cacodylate, pH 7.4 and postfixed in cacodylate-buffered
1% OsO4, then dehydrated in graded ethanol series, propylene oxide and embedded
in Durcupan. Ultrathin sections were cut on Ultratome LKB III and were counter-
stained with uranyl acetate and lead citrate. The observations were made on ELMI
Hitachi H500.

RESULTS

The outer surface of the P. ambiguus (integument) is structured according to the gen-
eral scheme for all nematodes–cuticle, hypodermis and muscular layer. The cuticle
consists of an epicuticle and three layers incorporating sublayers. This number may
vary regionally. The thickness of the cuticule varies from 2 to 4 μm in the various
portions of the nematode body. Its relief is also different – in the anterior third of the
worm periodically repeated foldings of a fungus shape are observed (Fig. 1). In the
areas between them spike-like formations are established. In the central area of the
helminth body the relief is gradually levelled and in the posterior part it is almost
smooth. Parallel to that, the spike-like formations disappear. No surface coat was
observed in the external region of the cuticle. It is covered by a homogeneous one-
layer epicuticle of a thickness of 0.01 μm. In the areas between the surface foldings
the epicuticle is trilaminar and with a surface coat (inset of Fig. 1).

The three layers of the cuticle are composed of 5 sublayers in the anterior part of
the nematode body and of 6 sublayers in the central and posterior parts. Under the
epicuticle a homogeneous, electron-light cortical layer of a 0.2 μm thickness is situ-
ated (Figs 1, 4, 5). Directly beneath it a median layer is found, which is differently
structured in the different parts of the nematode body. In the anterior region of the
body it consists of a sublayer with a vesicle-like content and in the central and pos-
terior part a second electron-dense homogeneous sublayer is established. The thick-
ness of the medial layer varies from 0.6 to 4 μm in the different parts and in the dif-
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Fig. 1. Cuticle in the anterior third of the body of P. ambiguus. Three cuticular layers are observed; 
C – cortical layer, M – median layer and B – basal layer with three distinct sublayers; H – hypodermis;
external surface consisting of multiple folds with spongiose stucture (arrows). Scale bar – 0.4 μm. The

inset shows the spike-like formation between folds. Ep – epicuticle. Scale bar – 0.2 μm

Fig. 2. Hypodermal perikarion; H – hypodermis; N – nucleus; dense bodies (arrow). Scale bar – 0.5 μm

Fig. 3. The hypodermal plasma membrane presents electron-dense invaginations; B – basal cuticular
layer; H – hypodermis. Scale bar – 0.01 μm
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Fig. 4. Cuticular structure in the middle third of the body. A median cuticular layer with two sublayers
is observed; C – cuticle; hypodermal plasma invaginations are scarce (arrows), CC – cortical layer, MC1
– first median cuticular sublayer, MC2 – second median cuticular sublayer, BC1 – first basal cuticular
sublayer, BC2 – second basal cuticular sublayer, BC3 – third basal cuticular sublayer. Scale bar – 0.3 μm

Fig. 5. Cuticular structure in the posterior third of the body; C – cuticle; H – hypodermal layer; M – mus-
cle layer. Abbreviations are the same as this one the Fig. 4. Scale bar – 0.4 μm

Fig. 6. Intestinal epithelium in the middle third of the body with well visible microvillae (MV), terminal
web (tw), reticular zone (rz), basement membrane (bm), terminal bar (arrow). Scale bar – 0.4 μm

Fig. 7. Intestinal epithelial cells in the posterior third of the body; terminal bar (arrowhead); mitochon-
dria (arrow). Scale bar – 0.6 μm



ferent sublayers it is from 0.4 to 2.4 μm (Figs 4, 5). In the foundation of the cuticle
a basal layer containing three sublayers separated by perpendicular to the surface
electron-dense bands is situated (Figs 1, 4, 5). The thickness of the basal layer varies
from 1 μm in the anterior part to 2 μm in the central and posterior zones of the nema-
tode body.

A basement membrane is not found. The contact between the cuticle and the
underlaying hypodermis is made by invaginations of the hypodermal cell plasma
membrane resembling cilia of a length up to 0.6 μm and forming groups of 3 to 20
(Fig. 1). These invaginations predominate in the anterior one of the body while in the
posterior part they are absent. The hypodermis has a syncytial structure containing
mitochondria of different shape and size, lysosomes, granular endoplasmic reticu-
lum, vacuoles, etc. The hypodermis has a different structure in the anterior, middle
and posterior parts of the body. In the peripheral area dense bodies with a different
shape predominate. In the basalis of the hypodermis bordering the muscular layer,
nuclei of irregular shape are situated most of which contain one compact nucleolus
(Fig. 2). The muscle cell layer consisting of a contractile and cytoplasmic part is sit-
uated under the hypodermis (Fig. 5). The contractile part is composed of parallel
myofibrils. The cytoplasmic part contains mitochondria, ribosomes, endoplasmic
reticulum tubuli and vacuoles.

The intestinal wall of P. ambiguus consists of similar epithelial cells with paralell
cylindrical microvilli oriented to the intestinal lumen (Fig. 6). The microvilli are of
0.1 μm diameter and of 1 μm length. Their surface is encompassed by a trilaminar
apical membrane on which a thick glycocalyx layer is situated. Each microvillus has
a tri-layer core – a bright stripe encompassed by a dark dense layer surrounded by a
bright plasma. Root-like formations of the core are attached to the underlying termi-
nal web. The ultrastructural content of the intestinal cells comprises the typical cell
organelles – mitochondria of a various shape, size and density, a large number of free
ribosomes, smooth and granular endoplasmic reticulum, nuclei, secretory granules
and vacuoles. In the basal part of the intestinal cells a reticular zone is established
which separates them from the underlying basal layer. On the border between two
intestinal epithelial cells thickenings of the bordering membrane called terminal bars
are observed.

DISCUSSION

The structure of the contact surfaces of adult P. ambiguus follows the general scheme
for the parasitic nematodes. The specificity is with regard to the epicuticle, the dif-
ferent number of the cuticular sublayers constructing the helminth body and the
absence of a basal cuticular membrane.

The epicuticle of P. ambiguus is made of one layer by contrast to the trilaminar
organization typical of the adult nematodes. In the anterior part of the body between
the superficial foldings it is a trilaminar. It can be assumed to be a certain functional
adaptation or to be due to defects of the applied fixation method. A similar one-layer
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epicuticle has been described in adult Wuchereria bancrofti [1]. The cuticle of
P. ambiguus is of a varying thickness and arrangement of the sublayers constituting
it in the anterior and other parts of the nematode body. A similar structuring has been
found in Gongylonema pulchrum [13] and Gonionchus australis [14]. Most proba-
bly, this structural peculiarity is related to the different degree of participation of
the distinct body portions in the movement of the nematode. The hypodermis of
P. ambiguus has the same structure as the one described in other nematodes [2, 15].
The absence of cell walls together with the presence of a large number of cell
organelles are indicative of a high metabolic activity of this zone specialized for
transport and secretion. A specific peculiarity is the absence of a basement mem-
brane and the availability of numerous deep invaginations of the hypodermal plasma
membrane in the anterior part of the nematode body. Such a structure is also typical
of adult W. bancrofti [1]. It can be summed up that the difference in the ultrastructure
of the anterior, middle and posterior parts of the nematode body accounts for their
special participation in the parasite-host relationships. The presence of surface fold-
ings augmenting the absorption surface and the multitude of invaginations of the
hypodermal plasma membrane in the anterior part of the body mark the intense par-
ticipation of this area in the processes of absorption and secretion. The flattening of
the cuticular surface alongside with the emergence of an additional sublayer are
probably related to the specific localization of the parasite. The integument of P.
ambiguus also incorporates the muscle cell layer firmly clinging to the hypodermis
(Fig. 5) which ensures the necessary stability and integrity of the outer surface, its
functional unity and helps the movement of the helminth structurally and energical-
ly [8, 10].

The intestinal wall of P. ambiguus is structured in the same way as in the other
nematodes described up till now [7, 9, 12, 13]. The one-layer epithelial cells have
microvilli enabling them to increase their absorption surface as well as a number of
cell organelles. This organization reflects the main physiological functions of the
intestine – the assimilation of nutrients, their digestion and transportation. The basal-
ly situated reticular zone facilitates the transfer of the needed substances. In conclu-
sion it can be stated that the structure of the integument and the intestinal wall of
P. ambiguus provides for their active participation in the processes of absorption and
secretion.
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