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ABSTRACT: Procamallanus (Spirocamallanus) halitrophus (Fusco and Overstreet, 1978) is an intestinal parasite of the

flounders Syacium papillosum and Citharichthys macrops, both of which are native to waters off the coast of the state of Rio

de Janeiro, Brazil. With transmission electron microscopy, we observed the body wall which is composed of the cuticle,

hypodermis, and somatic musculature. The cuticle of P. (S.) halitrophus is composed of 5 layers: the epicuticle, cortical,

median, fibrous, and basal layers. Underlying the cuticle is the hypodermis, a syncytium that contains mitochondria,

glycogen granules, vesicles, inclusion bodies, and an endoplasmic reticulum. The region of hypodermal chords contains a

nucleus in addition to the other organelles and there is a basal lamina surrounding each muscle cell. The use of imidazole-

buffered osmium tetroxide solution revealed the presence of lipids in the epicuticle, the membrane that surrounds each

muscle cell, the inclusion bodies, and the endoplasmic reticulum. The phosphotungstic-acid technique revealed basic proteins

in the epicuticle and dense bodies. The use of periodic acid-thiosemicarbazide-silver proteinate for carbohydrate detection did

not show any reaction products in the cuticle. However, glycogen particles were evident in the hypodermis and muscle cells.

KEY WORDS: Procamallanus (S.) halitrophus, TEM, ultrastructure, cytochemistry.

Nematodes are among the most frequent and most

important parasites of fishes, constituting a signifi-

cant part of the parasite fauna of these hosts in

freshwater, brackish, and marine environments

throughout the world. They attack most body organs

of fishes and some species are known as agents of

serious fish diseases, causing considerable losses to

fish farming operations (Moravec, 2007).

Camallanids are considered a significant problem

for fish that are maintained in a closed environment.

Larvae of these nematodes are found in zooplankton

and can be introduced into pisciculture when live

plankton is used as food for fish (Rychlinski and

Deardorff, 1982). Species of Camallanidae can

parasitize flounders, which are economically impor-

tant, and depreciate their commercial value. Species

of Procamallanus Baylis, 1923, subgenus Spiroca-
mallanus Olsen, 1952, have been reported in a variety

of piscine hosts in different geographical zones and in

both freshwater and marine systems (for a review, see

Andrade-Salas et al., 1994).

Recently, Ruhela et al. (2008), using experimental

infections, demonstrated that species of Procamalla-
nus infecting the kidney of Clarias batrachus

(Philippine catfish) promote pathological changes

such as cloudy swelling, variable-sized glomeruli,

degenerative changes in proximal convoluted tubules,

distal convoluted tubules, and Bowman’s capsule—

all necrotic changes similar to those previously

observed by Chinabut et al. (1991) with Procamalla-
nus planolatus in the stomach and intestine of Clarias
macrocephalus.

Nematodes are surrounded by a cuticle, an extremely

flexible and resilient exoskeleton that permits locomo-

tion via attachment to muscles, confers environmental

protection (in free-living species) or immune-attack

protection (in parasitic species), and allows growth by

molting. This cuticle is synthesized in the outermost

tissue layer of the organism, the epidermis or hypo-

dermis (Wright, 1987; Page and Johnstone, 2007). The

cuticle is a highly structured extra-cellular matrix

composed predominantly of cross-linked collagens,

additional insoluble proteins termed cuticlins, associ-

ated glycoproteins, and lipids (Page and Johnstone,

2007).

This cuticle is a multilayered structure with well-

defined epicuticle, cortical, median, and basal regions

that vary between species and between stages of the

same species (Wright et al., 1987). The epicuticle of

many nematodes is covered by a thin layer having a net

negative charge, recognizable by electron microscopy4 Corresponding author (e-mail: melissaq@ioc.fiocruz.br)
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as a fuzzy coating. This layer has been called the

‘‘surface coat’’ (Wright, 1987).

In animal parasites, the surface coat is believed to

play an important role in both adaptation and survival

in paratenic hosts because recognition of exposed

surface molecules by the host immune system can

contribute to the development of an effective immune

response (Kennedy, 1991). Although there are some

reports on the fine structure of the cuticle (Peixoto et

al., 2000; Moraes Neto et al.; 2001; Oliveira-Menezes

et al., 2010), few researchers have attempted to

correlate morphology with chemical composition.

Knowledge of the structure and composition of the

cuticle is important for a better understanding of the

host–parasite relationship.

Very few studies exist describing the surface of

fish nematodes by electron microscopy (Cárdenas et

al., 2005; Frantová et al., 2005). The present work

represents the first cytochemical characterization of

fish nematodes.

MATERIAL AND METHODS

Parasites

Flounders of the species Syacium papillosum (Linnaeus,
1758) and Citharichthys macrops (Dresel, 1889) were
captured by fishermen off the coast of Rio de Janeiro, RJ,
Brazil. They were dissected shortly after capture, usually
having been freshly killed. Male and female worms were
obtained from the intestines, rinsed in 0.7% NaCl solution,
and fixed in 2.5% glutaraldehyde in sodium cacodylate
buffer with pH 7.2.

Cytochemical labeling

Lipid detection: Fixed nematodes were washed twice in
0.1 M cacodylate buffer and three times in 0.1 M imidazole
buffer, pH 7.5, and then fixed in 2% osmium tetraoxide in
0.1 M imidazole buffer (Angermüller and Fahimi, 1982).
Nematodes were washed again in the last buffer, dehydrated
in an acetone series, and embedded in Epoxi resin. Thin
sections, 60 nm thick, were placed on copper grids,
counterstained with lead citrate, and observed with a Zeiss
900 transmission electron microscope (TEM) at 80 kV.

Basic protein detection: Fixed nematodes were washed
three times in 0.1 M cacodylate buffer, pH 7.2, dehydrated
in an ethanol series, and incubated in 2% phosphotungstic
acid (PTA) dissolved in ethanol for 24 hr and embedded in
Epoxi resin (Gordon and Bensch, 1968). Thin sections,
85 nm thick, were placed on copper grids and observed with
a Zeiss 900 TEM with no counterstain. The control samples
were incubated in pyridine for 90 min at 37uC after the
fixation and washed with 0.1 M cacodylate buffer.

Detection of polysaccharides and glycoproteins: Fixed
nematodes were prepared as described for TEM. Thin
sections, 85 nm thick, were placed on 300-mesh gold grids
and incubated in a 1% periodic acid solution for 30 min at
room temperature. The grids were rinsed four times in

distilled water (twice under shaking) for 10 min, incubated
in 1% thiosemicarbazide solution in 10% acetic acid (40 min
to detect glycogen and 24 hr to 72 hr for detection of
glycosaminoglycans and glycoproteins, respectively), rinsed
in 10%, 5%, and 2% acetic acid series and distilled water,
and floated in 1% silver proteinate for 30 min at room
temperature in darkness (Thiery, 1967). The grids were
rinsed again in distilled water and observed with a Zeiss 900
TEM at 80 kV with no counterstain. The control samples
were processed as described above without previous
incubation in periodic acid.

RESULTS

The body wall of Procamallanus (Spirocamalla-
nus) halitrophus is composed of a cuticle, a

hypodermis, and a muscular layer (Figs. 1, 2). The

cuticle possesses transverse cuticular striations

(Figs. 1, 2) and is composed of an epicuticle, cortical,

median, fibrous, and basal layers (Fig. 3). The

epicuticle is the outer layer and appears as a

trilaminar structure that is easily visible in longitudi-

nal and transverse sections (Fig. 3).

Below the epicuticle is a cortical layer that is

subdivided into two regions. The median layer, formed

by an electron-lucent matrix, can be subdivided into

two layers: an outer layer rich in electron-dense fibrils

and an inner layer that does not contain fibrils (Fig. 3).

Underlying the median layer is the fibrous layer, which

consists of three sublayers (Fig. 3).

The basal layer is composed of a homogeneous

matrix which presents electron-dense structures that

appear as a continuous band or as rounded or

elongated segments (Figs. 2, 3).

The hypodermis is a syncytial layer where vesicles,

glycogen granules, and inclusion bodies were ob-

served (Figs. 1–3). The musculature is composed of

muscle cells that consist of individualized contractile

and noncontractile regions. The contractile region

consists of myofilaments organized into muscular

fibers (Figs. 2, 4). In the noncontractile region, there

are cellular organelles such as the nucleus, endoplas-

mic reticulum, mitochondria, vesicles, glycogen

particles, and inclusion bodies (Fig. 4).

The postfixation process using imidazole-buffered

osmium tetroxide solution intensifies the affinity of

the osmium with unsaturated fatty acids. Ultrathin

sections showed a highly contrasted material on the

epicuticle (Fig. 5) and in other membranous regions

of the body wall such as the membrane that surrounds

each muscle fiber (Fig. 6), the inclusion bodies

(Figs. 6–8), and the endoplasmic reticulum present

in the sarcoplasm (Figs. 7, 8). The various lamellar

processes that surround each fiber do not present

markings (Fig. 6).
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The samples incubated with PTA presented a positive

reaction in the epicuticle and in the dense bodies present

in the contractile region of the muscular fiber, showing

basic protein detection on these sites (Figs. 9–11).

The periodic acid–thiosemicarbazide–silver protein-

ate technique was used for location of carbohydrate

residue in thin sections of Epoxi-embedded organisms.

The presence of large amounts of glycogen granules

was evidenced in the sarcoplasm region and in lower

amounts in the hypodermis (Figs. 12, 13). However,

there were no reactions to glycosaminoglycans and

glycoproteins (Figs. 14, 15) and no reaction of any

type was found in the cuticle (Figs. 12–15).

DISCUSSION

The successful establishment of nematode parasites

within their host depends on the host–parasite

interactions at their interface. Therefore, the bio-

chemical composition of the cuticle is of great

interest.

Figures 1–4. Sections of the body wall of P. (S.) halitrophus by transmission electron microscopy (Control). 1.
Epicuticle (EP), cortical layer (CL), medium layer (M), fibrous layer (F). Underlying the cuticle (C) is the hypodermis
(asterisk) and the muscular layer (ML) with dense bodies (thin arrow). 2. Cuticle (C), basal layer (BL), muscular layer (ML).
3. Trilaminated epicuticle (EP), outer cortical layer (OC), inner cortical layer (IC), outer medium layer (OM), inner median
layer (IM), outer fibrous layer (OF), median fibrous layer (MF), inner fibrous layer (IF), basal layer (BL), and hypodermis
(asterisk). 4. Muscular region with contractile region and inclusion bodies (IB) in the noncontractile region (NCR).
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A notable characteristic of P. (S.) halitrophus is the

presence of inclusion bodies in the muscle fibers,

hypodermis, hypodermal chords, and intestine of this

nematode. These structures have varied sizes and often

are near the endoplasmic reticulum and vesicles.

Through the osmium–imidazole technique, we detect-

ed the presence of lipids (unsaturated fatty acids).

However, the periodic acid–thiosemicarbazide–silver

proteinases and phosphotungstic-acid techniques were

negative for the presence of carbohydrates and basic

proteins in this structure, respectively.

The presence of inclusion bodies in nematodes is

not common, but it has been observed in some

species. In Brugia malayi, these bodies are present in

lateral chords (Vincent et al., 1975). According to

Dick and Wright (1973), the inclusion bodies of

Syphacia obvelata can be responsible for the

disposition of materials in the cuticle of mature

females. In turn, Weber (1984) reported that

Wuchereria bancrofti contains an abundance of

inclusion bodies near the cuticle during the formation

and development of the third larval stage. However,

Figures 5–8. Cytochemical labeling of longitudinal thin sections of P. (S.) halitrophus for detection of lipids. 5.
Transversal sections of cuticle showing strong reaction in the epicuticle (arrow). 6. Muscular layer showing intense reaction
in the inclusion bodies (IB), muscular fiber membrane (black arrow), and basal layer of each fiber (white arrow). 7–8. Details
of reactions in the inclusion bodies (IB) and endoplasmic reticulum (thin arrow) of muscular, noncontractile region.
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the morphology of these bodies appears to vary from

one species to another. Females of Meloidogyne
javanica carry cells responsible for producing a

gelatinous matrix surrounding the eggs. At their peak

production, these cells contain a dense cytoplasm with

many mitochondrial profiles, a Golgi complex, and

multivesicular lamellar bodies together with a channel

that leads to the organism’s exterior. Histochemical

tests indicate that these structures contain glycosami-

noglycans, glycoproteins, or both. In turn, alkaline

phosphatase, basic phosphatase, and lipids were found

in small quantities (Bird and Rogers, 1965). The

inclusion bodies examined during the peak activity of

the matrix appear to secrete a substance that is

histochemically and morphologically similar to the

material contained in this channel. Additionally, this

secretion is also similar to the gelatinous matrix that

surrounds the eggs (Bird and Rogers, 1965). These

inclusion bodies are morphologically similar to those

observed in P. (S.) halitrophus. However, the presence

of glycosaminoglycans, glycoproteins, or both in M.
javanica differs from the findings in the present work.

The intestinal cells of Metastrongylus spp. and

Ascaris suum contain structures called lamellar bodies

(Sheffield, 1964; Jenkins and Erasmus, 1969) which,

although smaller in size, resemble the inclusion bodies

of P. (S.) halitrophus. Jenkins and Erasmus (1969)

suggested that these bodies play a role similar to that of

lysosomes. These inclusion bodies have also been

found in the intestinal cells of P. (S.) halitrophus
located near the vesicles and endoplasmic reticulum.

Although many authors have suggested different

functions for these structures, we believe there is still

not enough evidence to determine any type of function

for the inclusion bodies observed in the present study.

Phosphotungstic acid reveals proteins rich in

histidines (De Souza, 1998). Basic proteins were

described by Anya (1966) in a histochemical analysis

of the cuticle of Oxyuridae and Ascaris lumbricoides
using bromophenol blue, who noted markings in all

the cuticular strata of these nematodes. In the samples

of P. (S.) halitrophus treated with PTA, we detected

the presence of basic proteins in the epicuticle and the

dense bodies present in the muscle layer. Peixoto and

De Souza (1992) also found a positive reaction in

these regions in Caenorhabditis elegans, but there

were markings in the external cortical sub-layer and

in the struts present in the intermediate layer. Araújo

et al. (1995) observed markings in the blocks present

in the middle layer and external cortical sublayer of

Figures 9–11. Cytochemical labeling of longitudinal thin sections of P. (S.) halitrophus for detection of basic protein.
Transverse sections of cuticle showing a positive reaction to basic proteins in the epicuticle (head arrow) and dense bodies
(thin arrows).
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W. bancrofti. Despite the fact that these compounds

are involved with a series of cellular functions, such

as cell differentiation and gene function regulation in

eukaryotic cells (Cavalcanti et al., 2009), we can

conclude that their distribution varies and can be

present in different regions of the nematode body

wall depending on the species.

Nematode cuticle is composed of different classes of

lipids. The cuticle is present in the external surface of

nematodes and is formed by a protective lipid coat that

is synthesized by specific cells or groups of cells in the

outermost layers of the nematode (Mangold, 1984).

Cuticular lipids constitute the initial passive barrier to

desiccation as well as to bacterial and fungal infection;

they may be involved in chemical communication and

may reduce the penetration of chemicals and toxins.

Cuticles are also important in nutrient distribution and,

in parasitic nematode roundworms, play a major role

in protecting them from host immune systems

(Blaxter, 1993; Mika et al. 2010).

The specimens of P. (S.) halitrophus submitted to the

osmium–imidazole technique indicated the presence of

Figures 12–15. Cytochemical labeling of longitudinal thin sections of P. (S.) halitrophus for detection of
polysaccharides and glycoprotein. 12. Transversal sections of cuticle presented a negative reaction after 72 hr of the
periodic acid–thiosemicarbazide–silver proteinate incubation (large arrow) and a positive and intense reaction in the
hypodermis, indicating the presence of glycogen (head arrow). 13. Positive reaction in muscular, noncontractile region
indicating the presence of glycogen after 40 min of the periodic acid–thiosemicarbazide–silver proteinate incubation (white
arrow) and a negative reaction in the inclusion bodies (star). 14. Control showing a negative reaction in the body wall when
periodic acid was suppressed. 15. Control showing a negative reaction in the body wall when silver proteinate
was suppressed.
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unsaturated fatty acids in the epicuticle, the membrane

surrounding the muscle fibers, the membrane between

the cuticle and hypoderm, the vesicles, and the

endoplasmic reticulum present in the sarcoplasm. The

inclusion bodies also had markings, indicating they

have a membranous composition. The various lamellar

processes that surround each fiber do not show any

markings, demonstrating the probable absence of

unsaturated fatty acids in this region. Therefore, it can

be surmised that the composition of the membrane that

surrounds each fiber is different from the composition

of those lamellar processes. Peixoto et al. (1994)

reported that adult specimens of C. elegans and

Strongyloides venezuelensis, on being analyzed by the

osmium–imidazole technique, did not present any

reaction in the cuticle, while the dauer larval stage of

C. elegans and the third larval stage of S. venezuelensis
presented intense markings in the cortical layer and

surface of the cuticle. These findings suggest there is

variation in the lipid distribution among the different

larval stages and different nematode species, as

observed by Proudfoot (1990).

The periodic acid–thiosemicarbazide–silver pro-

teinate technique (Thiéry, 1967) has been utilized by

several authors to verify the presence and distribution

of glycosaminoglycans, glycoproteins, and glycogen

in different nematode species. The presence of

glycosaminoglycans and glycoproteins was not

verified in the cuticle of P. (S.) halitrophus, even

after 72 hr of incubation in thiosemicarbazide. The

absence of markings was also observed in the cuticle

of Trichinella spiralis (Wright and Hong, 1988), C.
elegans (Peixoto and De Souza, 1992), in microfi-

lariae of W. bancrofti (De Souza et al., 1989), and in

various adults of W. bancrofti (Araújo et al., 1995).

Nevertheless, the surface coat has been described in

various nematodes (Cherian et al., 1980; Hulinska

and Shaihenov, 1982; Wright and Hong, 1988; Page

et al., 1992; Lee et al., 1993; Martinez and De Souza,

1995, 1997). According to Blaxter et al. (1992), the

absence of a surface layer in a particular stage or

species of nematode does not necessarily mean this

layer does not exist, as it may have been lost during

processing of the material.

The presence of glycogen granules in the sarco-

plasm and hypodermis, visible even without the use

of cytochemical methods, was confirmed after

incubation of the material for 40 min in thiosemicar-

bazide. These glycogen granules were also verified in

the muscle cells of W. bancrofti microfilariae and

adults (De Souza et al., 1989; Araújo et al., 1995) in

the hypodermis, muscle, and intestinal cells of T.

spiralis (Wright and Hong, 1988) and in muscle and

intestinal cells of C. elegans (Peixoto and De Souza,

1992).
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