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Abstract

D’ávila, S., Manso, P. P. A., Bessa, E. C. A., Rodrigues, M. L. A. and Dias,

R. J. P. 2010. Gross anatomy of the musculature and a new description of the

reproductive system of Tanaisia bragai and Tanaisia inopina (Trematoda:

Eucotylidae) analysed by confocal laser scanning microscopy. — Acta Zoologica

(Stockholm) 91: 139–149

Confocal scanning laser microscopy has become an important tool to clarify the

organization of the musculature and innervation, as well as the morphology of

the reproductive and alimentary tract of various helminth species. The goal of

this work was to describe the morphology of the reproductive system and the

gross anatomy of the musculature of adults of the species Tanaisia bragai and

Tanaisia inopina by means of confocal scanning laser microscopy. The helminths

were found parasitizing the kidney collection ducts of Columba livia, in the

municipality of Juiz de Fora, Brazil. These helminths were stained with Mayer’s

carmalum, mounted on permanent slides and observed through a confocal

scanning laser microscope. The tomographic images showed the morphology of

the organs and glands of the reproductive system, along with the general

morphology of the musculature of the body wall, oral sucker, acetabulum,

pharynx, intestinal caeca, oesophagus and reproductive system ducts. The

present work is the first re-characterization of the reproductive tract of T. bragai

and T. inopina. We also present the first description of the general morphology

of the gametes and cells of the glands associated with the reproductive apparatus

of these species.
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Introduction

The digenean trematodes Tanaisia (Paratanaisia) bragai and

Tanaisia inopina are parasites of domestic and wild fowl

(Santos 1934; Freitas 1951, 1959; Franco 1965; Pinto et al.

2005). The birds acquire the infection by eating land snails

infected with metacercariae, which break out of their cysts in

the duodenum of the definitive host, migrate to the cloacae

and urinary tract and reach the collection ducts of the

kidneys, their final habitat (Maldonado 1945; Keller and

Araújo 1992). Tanaisia bragai was described by Santos

(1934) from specimens recovered from Columba livia and

Gallus domesticus. Tanaisia inopina was described later,

by Freitas (1951), from specimens collected from Passer

domesticus.

Although these species were described in the 1940s and

1950s, no new information has been added to knowledge of

their morphology.

Currently, new microscopy techniques have been pro-

viding great advances in studies of the morphology of various

species of digenean trematodes (Robson and Erasmus 1970;

Mair et al. 1998a,b, 2000; Abdul-Salam and Sreelatha
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2000, 2004; Stewart et al. 2003; Halton 2004; Neves et al.

2004, 2005).

Confocal scanning laser microscopy has become an

important tool to clarify the organization of the musculature

and innervation, as well as the morphology of the reproductive

and alimentary tracts of various species (Mair et al. 1998a,b,

2000; Stewart et al. 2003; Neves et al. 2004, 2005).

The aim of this work was to describe the morphology of

the reproductive system and the gross anatomy of the

musculature of adults of the species T. bragai and T. inopina,

including the organization of the fibres of the body wall, oral

and ventral sucker, alimentary tract and reproductive tract,

by means of confocal scanning laser microscopy.

Materials and Methods

Parasites

The helminths of both species were recovered from the

kidney collection ducts of Columba livia, in the municipality

of Juiz de Fora, Minas Gerais, Brazil. After necropsy of the

host, the specimens were collected and prepared according

to the conventional helminthological techniques, following

the protocols proposed by Amato et al. (1991).

Morphological analysis

The helminths were stained with Mayer’s carmalum by the

regressive technique proposed by Amato et al. (1991) [ethanol

70 degrees Gay-Lussac (�GL) for 15 min; carmalum for

15 min; rapid washing in ethanol 70� GL; 70% ethanol

added with 0.5% hydrochloric acid for 15 min, ethanol

70� GL for 15 min, ethanol 90� GL for 15 min, two washings

in ethanol absolute for 15 min, then creosote for 24 h] and

mounted on permanent slides. These slides were then

observed through a confocal scanning laser microscope

(LSM 510 META – laser He/Ne 543, filter LP560; Zeiss) at

the Pathology Laboratory of the Oswaldo Cruz Institute.

Results

The tomographic images taken of T. bragai and T. inopina

showed the morphology of the organs and glands of the

reproductive system, along with the general morphology of

the musculature of the body wall, oral sucker, acetabulum,

pharynx, intestinal caeca, oesophagus and reproductive

system ducts. The confocal tomographs showing common

features of the tegument, musculature of the body wall

and attachment apparatus of T. inopina and T. bragai are

documented in Figs 1 and 2.

Musculature

Body wall. The subtegumental musculature of T. bragai and

T. inopina is formed of circular, longitudinal and diagonal

muscle-fibre bundles, arranged in three distinct layers

(Figs 1A,B, 2A,C,D). The circular fibres form the external

layer, located immediately below the tegument; the longitu-

dinal fibres form the intermediate layer; and the diagonal

fibres cross each other, forming the internal layer of the body

wall. The circular and longitudinal fibres are organized more

regularly and continuously, with regular and less pro-

nounced spacing between the bundles, while the diagonal

fibres form more robust and widely spaced bundles. The

circular muscle layer is formed of fibres running in parallel

and less separated. The longitudinal muscle layer is made up

of fibres that also run in parallel, but more widely spaced, and

set nearly at right angles with the circular layer. The diagonal

layer is formed of bundles that crisscross two by two and the

set of these bundles is amply spaced. Around the gonopore

and acetabulum, a more intricate arrangement of circular and

longitudinal muscle fibres can be seen (Figs 2D and 5A).

At the base of the scales that cover the tegument, tenuous

muscle fibres can be seen radiating outward (Fig. 2B).

The tegument of T. bragai and T. inopina is covered by

scales, placed obliquely. These scales have sulci that delimit

two to four teeth in T. bragai and three to six in T. inopina

(Figs 1B and 2B). The scales of T. bragai are narrower and

higher, with an average width of 8.39 lm ± 1.84 (5.7–12.2)

and average height of 7.8 lm ± 0.87 (6.1–9.3) (n ¼ 32), while

the scales of T. inopina have average width of 11.4 lm ± 1.42

(8.9–14.7) and average height of 5.1 lm ± 0.45 (4.3–6).

Attachment apparatus. Besides the oral sucker, T. bragai has

an acetabulum, while in T. inopina this structure is absent.

The acetabulum of T. bragai lies posterior to the gonopore in

the region of the ovary (Fig. 2B). It is possible to see the

nuclei of many cells within the oral sucker of both species.

The oral sucker connects to the pharynx through a narrow

canal which has well-developed muscle bundles (described

below).

The musculature of the oral sucker and acetabulum of

T. bragai and of the oral sucker of T. inopina is formed of

meridional and equatorial muscle fibres, derived from the

circular and longitudinal fibres that compose the subtegumen-

tal musculature, as well as radial muscle bundles, reaching

Fig. 1—Confocal tomographs showing common features of the tegument, musculature of the body wall and oral sucker of Tanaisia inopina.

—A. Diagonal (d) and longitudinal (l) muscle fibres of the body wall. —B. Tegument covered with scales (s) and circular muscle fibres

(c) of the body wall. Bar 20 lm. —C. Oral sucker (os) and pharynx (ph). —D. Radial muscles fibres (r) of the oral sucker. —E. Oesophagus

(e). —F. Longitudinal muscle fibres (l) of the oesophagus. —G. Equatorial muscle fibres (eqn) of the oral sucker. —H. Meridional muscle

fibres (m) of the oral sucker. Bar 100 lm.
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Fig. 2—Confocal tomographs showing common features of the tegument, musculature of the body wall and acetabulum of Tanaisia bragai.

—A. Tegument covered with scales (s) and circular muscle fibres (c) of the body wall. —B. Radial muscles fibres (r) at the base of the scale.

—C. Circular muscle fibres (c) of the body wall. —D. Ventral side of the T. bragai body, showing the gonopore (go), acetabulum (a) and

longitudinal (l) and diagonal (d) muscle fibres of the body wall. Bar 10 lm.
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between the inner and outer sucker walls (Fig. 1D,G,H). In

the oral sucker, the equatorial and meridional fibres are more

tenuous, while the radial fibres are arranged in more robust

and well-spaced bundles (Fig. 1D). The acetabulum of

T. bragai has a less robust musculature when compared to

that of the oral sucker (Fig. 2C,D,G,H).

Alimentary tract. The pharynx has more superficial circular

and longitudinal muscle fibres and radial fibres arranged in

more robust bundles, reaching between the inner and outer

pharynx walls (Fig. 1C,F).

Tanaisia inopina has a short oesophagus formed of circular

and longitudinal fibres. We did not observe this structure in

the specimens of T. bragai, where the pharynx opens directly

into the intestinal caeca. The intestinal caeca of both species

are formed of circular musculature.

Ducts of the reproductive system. All the ducts of the repro-

ductive tract of the two species are formed mainly of circular

fibres. We also noted less dense longitudinal fibres in the

uterus, which is formed of very compact circular fibres as

well (Fig. 5E–G). The cirrus and the cirrus sac and seminal

vesicle are also made up of a set of compact circular fibres

(Fig. 5B–D).

Morphology of the reproductive tract. The tomographs of the

organs and glands of the reproductive system of T. inopina

and T. bragai are documented in Figs 3–6.

Tanaisia inopina has postovarian testes, in the same zone,

or slightly oblique, with regular contours, delimited by a dis-

tinct external wall (Fig. 3B,E). It is possible to identify

groups of spermatozoids with their heads aligned in the

central region of the organ, with undifferentiated spherical

cells on the periphery (Fig. 4E–G). Two deferent ducts emerge

from the testes, which join at the seminal vesicle, located

immediately above the ovary (Fig. 3E).

The seminal vesicle has a rounded outline and the sperma-

tozoids can be seen freely in the lumen (Fig. 4B). It is envel-

oped by the cirrus sac and continues by a duct to the cirrus,

which is strongly muscled and cylindrically shaped (Fig. 5B–

D). In the anterior region of the cirrus sac there are cylindrical

cells with large nuclei, from where the tenuous ducts go

toward the cirrus (Fig. 5D). These are probably the prostate

glands. Both the cirrus and the distal part of the uterus open

into a genital atrium that leads to a common gonopore

(Fig. 5A–D).

The ovary is pretesticular, lobed and laterally positioned

(Fig. 5A–F). It is completely filled with oocytes, presumably

in different maturation phases because of the size differences

of these cells. In the posterior region of the ovary, adjacent to

the oviduct, there is a rounded projection. At this site, the

oocytes are larger and appear to be free (Figs 3A, 4A, 6E).

The nearby portion of the oviduct has larger calibre and

holds more oocytes, with the characteristics described above.

The seminal receptacle, located just posterior to the ovary,

has irregular contours and thick wall. It connects to the ovi-

duct through a short duct (Fig. 3B–E).

The Mehlis gland is located in the pretesticular zone, on

the opposite side of the ovary (Fig. 3B–E). It is formed of

many acini that contain spherical glandular cells, encircling

the ootype (Fig. 3B,D). Just below the Mehlis gland there are

transverse vitelline ducts that go to the anterior region of the

vitelline glands and meet in the middle region of the body in a

vitelline reservoir, within which it is possible to observe

accumulated mature vitellocytes (Fig. 3C–E). The vitelline

reservoir opens into the oviduct through a short duct

(Fig. 3C).

The vitelline glands start at the posterior level of the ovar-

ian zone (Fig. 3E). They are formed of globular cells with

large nuclei and a conspicuous and eccentric nucleolus. It is

possible to distinguish cells in different stages of vitellogenesis.

The immature cells are small, with the nucleus occupying

most of the cell area and without cytoplasmic inclusions. The

mature vitellocytes are differentiated, approximately three

times the size of the immature cells, and have an abundant

cytoplasm, with dark, spherical cytoplasm inclusions.

The uterus is formed of a descending and ascending

branch that fills the entire body from the oesophagus area to

the posterior limit of the body. The operculate eggs, contain-

ing the egg cells and vitellocytes, can be seen in the lumen

(Fig. 4C,D).

The morphology of the reproductive tract of T. bragai is

generally similar to that described for T. inopina. The testes

are pre-equatorial and postovarian, with irregular contour and

are located in the same zone or slightly oblique (Fig. 6B,D).

The ovary is pretesticular, lobed and laterally offset. It is

formed of oocytes of different sizes and a set of ducts that lead

to the ootype (Fig. 6B,E,F). Unlike T. inopina, the vitelline

glands extend to the preovarian region of the body, reaching

the oesophagus area. The uterus divides into an ascending

and descending branch, forming loops that fill the entire body.

The seminal vesicle is relatively ample and can be replete with

free spermatozoids in the lumen (Fig. 6C).

Discussion

The results of the present study agree with the descriptions of

the muscle system of species of digeneans by other authors

(Mair et al. 1998a, 2000; Kumar et al. 2003; Sebelová et al.

2004; Terenina et al. 2006), which strengthens the idea that

the organization of the somatic musculature is conserved

among the trematodes (Sebelová et al. 2004). A degree of

conservation can be observed as well over the life cycle of

these helminths. Sebelová et al. (2004) showed that in Echi-

nostoma caproni the organization of the somatic musculature

and sucker is unchanged from the cercaria to the adult phase.

The same was observed regarding the somatic musculature of

Echinoparyphium aconiatum by Terenina et al. (2006).

In both digeneans and monogeneans the body musculature

is composed of circular external fibres and longitudinal
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Fig. 3—Confocal tomographs showing the morphology of the reproductive system of Tanaisia inopina. —A. Ovary (o), posterior region of the

ovary (po). —B. Ovary (o), seminal receptacle (sr), ootype (oo), Mehlis gland (Mg) and testis (t). —C. Duct of the vitelline reservoir (dvr),

vitelline reservoir (vr), oviduct (ov), duct of the seminal vesicle (dsv), seminal vesicle (sv) and Mehlis gland (Mg). —D. Ootype (oo), Mehlis

gland (Mg), vitelline reservoir (vr) and seminal receptacle (sr). —E. Deferent duct (dd), Mehlis gland (Mg), vitelline reservoir (vr), seminal

receptacle (sr), testis (t) and vitelline gland (vg). —F. Ovary (o) and uterus (u). Bar 100 lm.
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Fig. 4—Confocal tomographs showing the morphology of the reproductive system of Tanaisia inopina. —A. Posterior region of the ovary (po),

oviduct (ov), oocytes (oc), duct of the seminal receptacle (dsr). —B. Seminal vesicle (sv), oocytes in different maturation phases (1 and 2).

Bar 50 lm. —C. Uterus (u) filled with eggs (e). —D. Vitelline cell (vc) inside the egg (e). —E. Spermatozoids (sp.). —F. undifferentiated

spherical cells (uc) on the periphery of the testis. —G. Groups of spermatozoids (sp.). Bar 30 lm.
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internal fibres that are organized in bands, with diagonal

fibres running under the longitudinal fibres. In some places,

dorsoventral fibres are evident. These fibres link the upper

and lower surface of the helminth and so serve a structural

purpose, together with the interstitial fibres of the

extracellular matrix, helping to maintain the flattened body

shape.

It is believed that the somatic musculature serves as the

main means of locomotion. The contraction of the circular

and longitudinal muscles, respectively, lengthens and shortens

Fig. 5—Confocal tomographs showing the morphology of the reproductive system of Tanaisia inopina. —A. Gonopore (go). Circular muscle

fibres (c), longitudinal muscle fibres (l), radial muscle fibres (r). —B–D. Cirrus (c), cirrus sac (cs), prostate glands (pg), uterus (u).

—E–G. Uterus (u), circular muscle fibres (c), longitudinal muscle fibres (l). Bar 30 lm.

Fig. 6—Confocal tomographs showing the morphology of the reproductive system of Tanaisia bragai. —A. Ovary (o), seminal receptacle (sr)

and uterus (u). —B. Testis (t), vitelline gland (vg) and intestinal caeca (c). Bar 50 lm. —C. Seminal vesicle (sv), spermatozoids (sp.).

Bar 25 lm. —D. Groups of spermatozoids (sp.). Bar 50 lm. —E, F. Oocytes (oo), ducts of the ovary (d). —G. Operculate eggs (e),

vitellocytes (vc), operculum (op). —H. Mature vitellocytes (1), immature vitellocytes (2). Bar 20 lm.
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the worm’s body, while the diagonal muscles provide

sideways movement and a degree of torsion. However, the

muscle system is not only needed for movement, but also for

feeding, reproduction and attachment of the helminths.

According to Mair et al. (1998a), there are three main muscle

systems in adult digeneans: the somatic musculature,

responsible for the body shape and locomotion; the muscu-

lature of the attachment organs; and the musculature of the

digestive and reproductive tracts.

In the present study, the confocal tomographs revealed the

presence of densely arranged circular fibres in the ducts of the

female and male reproductive apparatus. These circular

fibres are supposed to be responsible for peristaltic move-

ments that promote the transport of the oocytes, vitellocytes,

spermatozoids and eggs. These results agree with those

found by Mair et al. (1998a) and Mair et al. (2000) for

Fasciola hepatica and Schistosoma mansoni, respectively. The

ducts of the reproductive tract of E. caproni are also formed

mainly by circular fibres, with a few longitudinal fibres.

Diagonal fibres are absent in these structures (Sebelová et al.

2004).

The arrangement of the muscle fibres in the oral sucker of

T. bragai and T. inopina follows the same pattern described

for other species of digeneans, and like the somatic musculature,

appears to have a very conserved character. The musculature

of the sucker is complexly arranged, and by the orientation

of the three types of muscles that compose it, appears to

develop from the somatic musculature (Mair et al. 1998a;

Sebelová et al. 2004). According to Sebelová et al. (2004),

the meridional muscles probably derive from longitudinal

somatic fibres and act to open the concavity of the sucker,

while the equatorial muscles are probably derived from

circular somatic fibres, whose contraction presumably create

the suction. Dorsoventral muscles run between the internal

and external surfaces of the sucker, as radial fibres, and

contract to close it for attachment.

The muscle organization observed in the alimentary tract

of T. bragai and T. inopina is similar to that observed by

Sebelová et al. (2004). According to them, the alimentary

tract of E. caproni is formed mainly of circular muscle fibres

and only a few internal longitudinal fibres, and the pharynx

has well-developed radial muscles.

The present work is the first re-characterization of the

reproductive tract of T. bragai and T. inopina since the

first description of these species in the 1930s and 1950s,

respectively. The diagnosis of these species states that the cir-

rus sac is reduced to a seminal vesicle, but in our tomographs

it was possible to detect the presence of cirrus. This study also

presents the first data on general morphology of the gametes

and cells of the glands associated with the reproductive

apparatus of these species. The characteristics of the differen-

tiation of the vitellocytes of T. bragai and T. inopina in this

study correspond to the pattern of vitellogenesis observed in

other digeneans, monogeneans, cestodes and free-living

Neophora (Swiderski and Xylander 2000).

Future comparative confocal studies on the morphology of

other digenean species are highly desirable to demonstrate

the characteristics that follow a conservative pattern and

those that are peculiar to each taxonomic group, contributing

to the understanding of the relationships among digenean

species.
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