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The ultrastructural organization of the female reproductive system of Metadena depressa, digenean intestinal parasite of Sparidae (Dentex dentex), was investigated by electron microscopy. The vitellogenesis is divided into four stages: stage I, vitellocytes have a cytoplasm mainly ﬁlled with ribosomes and few mitochondria; stage II, beginning of the synthetic activity; stage III, active shell globule clusters synthesis; stage IV, mature vitellocytes are ﬁlled with shell globule clusters and generally contain several large lipid droplets. Glycogen granules are grouped at the periphery of the cell. The three stages of the oogenesis process take place in the ovary: stage I, oogonia are undifferentiated small cells located at the periphery of the organ; stage II, primary oocytes possess a higher nucleocytoplasmic ratio and a nucleus with a nucleolus and synaptonemal complexes indicating the zygotene-pachytene stage of the ﬁrst meiotic division; stage III, mature oocytes are located in the proximal region of the organ and possess a cytoplasmic chromatoid body and cortical granules in a monolayer close to the periphery of the cell. ß 2012 Acade´mie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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R E´ S U M E´



Mots cle´s : Vitellogene`se Ovogene`se Metadena depressa Dige`ne Parasite Dentex dentex



L’organisation ultrastructurale du syste`me reproducteur femelle de Metadena depressa, un dige`ne parasite intestinal de Sparidae (Dentex dentex), a e´te´ e´tudie´e par microscopie e´lectronique. La vitellogene`se est divise´e en quatre stades : stade I, les vitellocytes ont un cytoplasme principalement rempli de ribosomes et peu de mitochondries ; stade II, de´but de l’activite´ synthe´tique ; stade III, synthe`se active de grappes de globules destine´s a` la formation de la coquille ; stade IV, les vitellocytes matures sont remplis de grappes de globules destine´s a` la coquille et contiennent ge´ne´ralement plusieurs grandes gouttelettes



* Corresponding author. E-mail address: [email protected] (S. Greani). 1631-0691/$ – see front matter ß 2012 Acade´mie des sciences. Published by Elsevier Masson SAS. All rights reserved. http://dx.doi.org/10.1016/j.crvi.2012.10.001
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lipidiques. Les granules de glycoge`ne sont regroupe´s en pe´riphe´rie de la cellule. Les trois e´tapes de l’ovogene`se se de´roulent dans l’ovaire : stade I, les ovogonies sont des petites cellules indiffe´rencie´es situe´es en pe´riphe´rie de l’organe ; stade II, les ovocytes primaires posse`dent un plus grand rapport nucle´o-cytoplasmique et un noyau avec un nucle´ole et des complexes synaptone´matiques indiquant la phase zygote`ne-pachyte`ne de la premie`re division de me´iose ; stade III, les ovocytes matures sont situe´s dans la re´gion proximale de l’organe et posse`dent un corps chromatoı¨de cytoplasmique et des granules corticaux dispose´s en monocouche en pe´riphe´rie de la cellule. ß 2012 Acade´mie des sciences. Publie´ par Elsevier Masson SAS. Tous droits re´serve´s.



1. Introduction The oogenesis of trematodes has been the subject of several studies by light [1,2] and electron-microscope [3–19]. The vitellogenesis of trematodes has already been



studied for years [20–32], especially since Yosufzai [1] states that the egg-shell is formed by Mehlis gland reinforced by vitelline granules which serve as nutriment. The female reproductive system of Platyhelminthes shows great morphological variability with signiﬁcant differences



Figs. 1–3. Electron micrographs of a vitelline follicle and the ﬁrst stage of vitellogenesis, of Metadena depressa, stained according to Reynolds. (1) A vitelline follicle, which contains cells at various stage of development (I, II, III and IV). Bar = 4 mm. (2) The interstitial cells with mitochondria and endoplasmic reticulum. Bar = 0.5 mm. (3) An immature vitellocyte (stage I) at the periphery of the follicle, containing mitochondria and endoplasmic reticulum. Bar = 1 mm. ER: Endoplasmic Reticulum; IC: Interstitial Cells; M: Mitochondrion; N: Nucleus; P: Parenchyma.
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in the anatomical organization and cell structure by taxon [33]. Platyhelminthes were subdivised into two levels of organization, on the basis of the female reproductive system [34]. The Archoophora possess homocellular female gonads consisting of only germaria with oocytes, which produce both yolk and eggshell-forming precursors. Digenea are part of Neoophora, characterized by heterocellular female gonads composed of germaria (ovary) and vitellaria (vitelline gland). Each has a role in the egg
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formation [33]. Metadena depressa belongs to the Cryptogonimidae family (Ward, 1917). The Cryptogonimidae is a large family of Platyhelminthes found globally in the intestine or pyloric caeca of marine and freshwater teleosts, reptiles and, rarely, amphibians. The present study shows, for the ﬁrst time, the ultrastructural composition of a Cryptogonimidae female reproductive system. The aim of the study is to describe the ultrastructural composition of germ cells, during oogenesis, and vitellocytes during



Figs. 4–9. Electron micrographs of the ﬁrst (4), the second (5, 6), and third (7–9) stages of maturation of vitelline cells stained according to Reynolds (5–8) and Thie´ry (4, 9). (4) Cytoplasm of a cell at the ﬁrst stage of maturation ﬁlled with ribosomes, with few endoplasmic reticulum and mitochondria, without glycogen granules. Bar = 1 mm. (5) Vitelline cell at the second stage of maturation. Bar = 1 mm. (6) Cytoplasm of a cell at the second stage of maturation showing the synthesis of a shell globule cluster from single shell globules. Bar = 0.5 mm. (7) General observation of a vitelline cell at the third stage of maturation. Bar = 1 mm. (8) Cytoplasm of a cell at the third stage of maturation with endoplasmic reticulum in parallel around the nucleus, and occurrence of nuclear pores (arrows). Bar = 0.5 mm. (9) Third stage of vitellogenesis without glycogen granules. Bar = 1 mm. Chr: Chromatin; ELM: Electron-Lucent Matrix; ER: Endoplasmic Reticulum; GC: Golgi complex; IC: Interstitial Cells; M: Mitochondrion; Mb: Membrane of shell globule cluster; N: Nucleus; P: Parenchyma; SG: Shell Globule; SGC: Shell Globules Cluster.
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vitellogenesis. The use of Thie´ry method allows us to situate polysaccharides and glycogen granules [35]. 2. Materials and methods Adult specimens of M. depressa (Stossich, 1883) Linton, 1910 were collected live from the intestine of naturally infected common dentex Dentex dentex (Linne´, 1758), caught off Valinco gulf, Corsica (Mediterranean Sea). Worms were removed from their hosts, ﬁxed in cold (4 8C) 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer at pH 7.2, rinsed in 0.1 M sodium cacodylate buffer at pH 7.2, post-ﬁxed in cold (4 8C) 1% osmium tetroxide in the same buffer for 1 hour, dehydrated in ethanol and propylene oxide, embedded in Spurr and polymerized at 60 8C for 24 hours. Ultra-thin sections (60–90 nm) of the worms, at the level of vitelline glands and the level of ovary, were cut on an ultramicrotome (Power tome PC, RMC Boeckeler). Sections were placed on 300 and 200-mesh copper and gold grids. Sections on copper grids were stained with uranyl acetate and lead citrate (Reynolds, [36]). Sections on gold grids were stained with periodic acid, thiocarbohydrazide



and silver proteinate (Thie´ry, [35]). This technique was employed for the location of the glycogen. Sections were examined on a Hitachi H-7650 transmission electron-microscope, operating at an accelerating voltage of 80 kV, in the ‘‘Service d’e´tude et de recherche en microscopie e´lectronique’’ of the University of Corsica (Corte, France). 3. Results 3.1. Vitellogenesis The paired vitelline glands of M. depressa consist of two lateral groups of vitelline follicles, distributed in ventral region, and may extend from testes to level of pharynx. Each follicle contains vitelline cells at various stages of maturation (Fig. 1). No muscle ﬁbres were observed around vitelline follicles. Mature cells tend to be located toward the center of the follicle, but cells in various stages of development can be found anywhere in a follicle. Also, we can observe interstitial cells surrounding the developing vitelline cells (Fig. 2). Mitochondria, endoplasmic reticulum and glycogen granules occur through these cells (Fig. 2). No nucleus of these interstitial cells has been observed within vitelline follicles.



Figs. 10–13. Electron micrographs of the fourth stage of maturation of vitelline cells stained according to Reynolds (10–12) and Thie´ry (13). (10) General observation of a vitelline cell at the fourth stage of maturation, containing shell globule clusters, lipid droplet, with a very condensed chromatin in the nucleus. Bar = 2 mm. (11) A part of the cytoplasm with a lipid droplet and endoplasmic reticulum in parallel shape. Bar = 0.5 mm. (12) A nucleus of the fourth stage of maturation vitelline cells with a nucleolus, surrounded by endoplasmic reticulum. Bar = 0.5 mm. (13) Glycogen granules packed by heap around lipid droplets, the shell globule clusters, and at the periphery of the cell. Bar = 1.5 mm. ELM: Electron-Lucent Matrix; ER: Endoplasmic Reticulum sacculi; G: Glycogen granules; LD: Lipid Droplet; N: Nucleus; Nl: Nucleolus; SGC: Shell Globules Cluster.
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Four stages of development have been observed from the immature cells to mature ones. 3.1.1. Stage I (Figs. 3, 4, 24A) Immature vitellocytes of M. depressa have different shapes. They have a large, irregularly roundish nucleus, with diffuse chromatin scattered through the nucleoplasm (Fig. 3). In the earliest stages, they possess a high nucleocytoplasmic ratio (Fig. 3). In fact, they have little
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cytoplasm, ﬁlled predominantly with free ribosomes. The cytoplasm contains mitochondria with distinct cristae (Fig. 3), and elongated endoplasmic reticulum sacculi (Fig. 3). At this stage of development, these cells are devoid of glycogen (Fig. 4). 3.1.2. Stage II (Figs. 5, 6, 24B) The vitelline cells of the second stage have a nucleus including electron-dense patches of chromatin (Fig. 5). The



Figs. 14–19. Electron micrographs of oogonia and oocytes maturation, of Metadena depressa, stained according to Reynolds. (14) Oogonium showing a little amount of cytoplasm, ﬁlled with free ribosomes, few mitochondria and smooth endoplasmic reticulum. Bar = 1 mm. (15) Primary oocytes with a large nucleus containing condensed heterochromatin. Bar = 1 mm. (16) Cluster of mitochondria in the cytoplasm of primary oocyte; note the ribosomal layer surrounding the nucleus. Bar = 0.5 mm. (17) Synaptonemal complexes indicating the zygotene-pachytene stage of the ﬁrst meiotic division. Bar = 1 mm. (18) Maturation of oocyte, showing the beginning of cortical granules synthesize. Bar = 1 mm. (19) Chromatoid body surrounded by clusters of mitochondria. Bar = 0.5 mm. CB: Chromatoid Body; CG: Cortical Granules; GER: Granular Endoplasmic Reticulum; M: Mitochondrion; N: Nucleus, Nl: Nucleolus; P: Parenchyma; R: Ribosomal layer surrounding the nucleus; SC: Synaptonemal Complex; sER: smooth Endoplasmic Reticulum.
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chromatin is more condensed than in the earlier stage. The cytoplasm still contains mitochondria. The main difference compare to the earlier stage is the occurrence of shell globules (Figs. 5, 6). Golgi complexes occur near the shell globules (Fig. 5). Sometimes, shell globules are grouped in clusters and are surrounded by membrane (Fig. 6). These clusters continue their enlargement by fusion with single shell globules, and they are surrounded by endoplasmic reticulum (Fig. 6). As in the ﬁrst stage, no glycogen has been observed in the early developing cells. 3.1.3. Stage III (Figs. 7–9, 24C) During the maturation the chromatin is more condensed and larger than previously (Fig. 7). The nucleocytoplasmic ratio decreases along the vitelline cell development. In the maturing vitelline cells, each cluster contains an electron-lucent matrix, which increases along its development (Fig. 7). Moreover each shell globule cluster possesses an increasing amount of shell globules. There are few mitochondria (Fig. 7). At this stage, numerous endoplasmic reticulum sacculi are arranged in parallel around the nucleus or the edge of the cells (Fig. 8). Some nuclear pores are observed (Fig. 8). No glycogen granules are observed at this stage of maturation (Fig. 9). 3.1.4. Stage IV (Figs. 10–13, 24D) Mature vitelline cells are generally localized in the center of the follicle. The nucleo-cytoplasmic ratio is the lowest of the vitelline cell development. There are large shell globule clusters arranged at the periphery of the cell (Fig. 10). There are approximately 45 globules per cluster and the average diameter of a cluster is 3 mm. Endoplasmic reticulum are less numerous than at the earlier stage but some residual sacculi remain around the nucleus and at the periphery of the cell (Fig. 11). Usually, the nucleus possesses a nucleolus (Fig. 12) and has a roundish shape but is not necessarily located in the center of the cell. In the most advanced stages, shell globules are surrounded by a large electron-lucent matrix in the clusters (Fig. 10). There are very few mitochondria, and most cells are devoid. The main feature of this mature stage is the apparition of lipid droplets (Figs. 10, 11). One to three lipid droplets were observed in mature vitelline cells. At this stage of vitellogenesis, glycogen appears in the cytoplasm. Glycogen granules are grouped in small clusters at the periphery of the cell, around lipid droplets and shell globule clusters (Fig. 13). 3.2. Oogenesis Ovary of M. depressa is an organ deeply lobed, located slightly anterior to testes. It contains germ cells at various stage of development, with younger cells localized in the periphery of the ovarian lobes. The oogenesis is divided into three main stages: oogonia, primary oocytes, mature oocytes. 3.2.1. Oogonia (Figs. 14, 25A) The oogonia are small cells located at the periphery of the ovary, close to the basal lamina. These cells are irregular in shape and possess a small amount of



cytoplasm. The nucleus is large and contains small patches of heterochromatin (Fig. 14). The cytoplasm is ﬁlled with free ribosomes, and contains few mitochondria and little smooth endoplasmic reticulum sacculi (Fig. 14). 3.2.2. Primary oocytes (Figs. 15–18, 25B) The primary oocytes are also located in the distal germinative area of the gonad. The nucleo-cytoplasmic ratio is slightly lower than in oogonia (Fig. 15). Primary oocytes contain numerous mitochondria and a few granular endoplasmic reticulum, which are dispersed evenly in the cytoplasm (Figs. 15, 16). The nucleus is large and possesses condensed heterochromatin (Fig. 15) and a large nucleolus. The most mature primary oocytes show an enlargement of their nucleus, which possesses nuclear pores and a well-developed nucleolus (Fig. 17). Furthermore these germ cells show singulars characteristics with appearance of synaptonemal complexes in the nucleoplasm (Fig. 17) indicating the zygotenepachytene stage of the ﬁrst meiotic division. Some ribosomal material and granular endoplasmic reticulum sacculi surround the nuclear membrane in the ooplasm (Fig. 16). At this stage, germ cells tend to detach from the basal lamina. 3.2.3. Mature oocytes (Figs. 19–24, 25C) Mature oocytes are often located in the central area of the ovarian lobe. The nucleo-cytoplasmic ratio decreases along the maturation due to the remarkable increase in the volume of the ooplasm (Figs. 18, 22). The nucleus possesses a nucleolus, smaller than in the earlier stage, which tends to disappear at the end of maturation (Figs. 18, 22). Small clumps of heterochromatin are present near the nuclear membrane (Figs. 18, 22). Conspicuous aggregates of non membrane-bound granular electron-dense material are observed in the cytoplasm (Figs. 18, 19, 22). This chromatoid body is often surrounded by mitochondria (Figs. 18, 22). Small vesicles, with an electron-dense content and an electron-lucent matrix enclosed within a smooth membrane, occur at this stage of oogenesis (Fig. 18). These membrane-bound granules (approximately 0.25 mm of diameter) are synthesized within the ooplasm (Fig. 20) and then migrate in monolayer to the periphery (cortex) of the cell (Figs. 20, 22). The number of cortical granules increases along the maturation (Figs. 18, 22). The cytoplasm contains many slender mitochondria (Fig. 21). These organelles tend to cluster into one or two groups in the cytoplasm (Fig. 22). The amount of mitochondria is high in fully mature oocytes (Fig. 22). Some granular endoplasmic reticulum sacculi are still observed (Fig. 22). Neither glycoprotein nor polysaccharides have been observed during all the stages of oogenesis (Fig. 23). 4. Discussion 4.1. Vitelline cells The maturation of vitelline cells of M. depressa is divided into four stages: stage I, cells are undifferentiated; stage II, beginnings of the synthetic activity; stage III, active shell globule clusters synthesis; stage IV, mature cells. Although



S. Greani et al. / C. R. Biologies 335 (2012) 657–667



663



Figs. 20–23. Electron micrographs of developing and mature stage of oogenesis, of Metadena depressa, stained according to Reynolds (20–22) and Thie´ry (23). (20) Cortical granules at the periphery of two mature cells. Bar = 0.5 mm. (21) A cluster of mitochondria at a pole of a mature oocyte. Bar = 0.5 mm. (22) General observation of a fully mature germ cell. Bar = 2 mm. (23) General view of an oocyte at the ﬁrst stage of maturation, without glycogen granules. Bar = 1 mm. CB: Chromatoid Body; CG: Cortical Granules; G: Glycogen granule in the parenchyma; GER: Granular Endoplasmic Reticulum; M: Mitochondrion; Mb: oocyte Membrane; N: Nucleus.



the vitellogenesis is basically the same in all Digenea [16,20–29,33,37–39], some ultrastructural differences occur during the maturation, particularly with other Platyhelminthes [30,40–50]. A Cryptogonimidae vitellogenesis has already been studied, which allows us to compare the process [31]. The interstitial cells are believed to be involved in the selection and transport of materials from parenchyma to the developing vitellocytes [21,33]. Nevertheless, this structure is absent in some digenean vitelline follicles [16,23]. The nucleo-cytoplasmic ratio decreases along the vitellogenesis due to the synthesis of large cytoplasmic inclusions. In Dicrocoelium dendriticum, nucleoli have been observed from the ﬁrst stage of maturation [27], whereas in M. depressa only fully mature vitellocyte possess a large nucleolus. No ‘degenerating nucleus’ [16], containing varying amounts of coarse granular material, have been observed. Every digenean nucleus does not possess a nucleolus at the ultimate stage of maturation in vitelline follicles, like Pharyngostomoides procyonis and A. tubarium [23,31]. The attendance of endoplasmic reticulum sacculi, free cytoplasmic ribosomes, and Golgi complexes in the second stage traduces a high synthetic activity [16,25]. This



synthesis gives rise to shell globules, which coalesce to form clusters. A primary role of Neodermata vitelline cells is to produce this eggshell substance [51]. These cells will pass through the vitelloduct and be enclosed in a capsule with one or more fertilized egg [27]. The beginning of the eggshell globules synthesis is more precocious in M. depressa than in A. tubarium [31]. The shape and amounts of shell globules in clusters differ by species. In M. depressa, the electron-lucent matrix is greater than in A. tubarium and the amount of shell globules by cluster seems to be higher too. The second role of digenean vitelline cells is to accumulate nutritive reserves for the future developing embryo [27,46]. The occurrence of lipid droplets in the fully mature vitellocytes and the glycogen content represent this nutrition reserves. A major difference occurs into Cryptogonimidae family, because several highly osmophilic [52] and electron-lucent lipid droplets are present in M. depressa most mature cells, as for Schistosoma-mansoni [21], whereas only one appears in A. tubarium. Nevertheless, both possess a- (particles) and b- (rosettes) glycogen [52–54] in the mature vitellocytes cytoplasm, unlike Halipegus eccentricus [16].
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Fig. 24. Diagram showing the four stages of vitellogenesis of Metadena depressa. (A): stage I; (B): stage II; (C): stage III; (D): stage IV. Bar = 2 mm. Chr: Chromatin; ELM: Electron-Lucent Matrix; ER: Endoplasmic Reticulum sacculi; G: Glycogen granules; GC: Golgi Complex; LD: Lipid Droplet; M: Mitochondrion; N: Nucleus; Nl: Nucleolus; Np: Nuclear pore; SG: Shell Globule; SGC: Shell Globules Cluster.



4.2. Oogenesis On the basis of the female gonad structure Platyhelminthes are subdivised into two levels of organization. In neoophoran platyhelminths, the production of yolk and shell-forming precursors occurs in vitellaria, unlike in archoophorans where it takes place in germaria [34]. The initial phase oocytes maturation takes place during the prophase of the ﬁrst meiotic division in the ovary. This maturation has been subdivided into three stages, as for other Digenea [7,13,17,34], Monogenea [55], and Cestoda [56]. Despite these oogenesis is basically the same in all Platyhelminthes, some ultrastructural differences occur during the maturation of oocytes. The interstitial cells were thinner than in other digenetic trematodes [12,15]. The oogonia were observed along the wall of the ovary. According to Nez and Short [2] in Schistosomatium douthitti, the secondary oogonia are pushed toward the center of the ovary. In the present study, only primary oocytes were pushed to the periphery of the germarium. As for Cryptocotyle lingua, in M. depressa a deﬁnite line of demarcation of the oogonia from the oocytes does not exist [18]. They have been distinguished by their size and organelles content. Few inclusions are founded in the cytoplasm, excepted mitochondria, which are grouped in a pole of the cell and patch of endoplasmic



reticulum sacculi. By unknown number of mitotic divisions, oogonia differentiate into primary oocytes. Then, primary oocytes enter the zygotene-pachytene stage of the ﬁrst meiotic division recognizable by the presence of synaptonemal complexes in the nucleoplasm. The metaphase takes place in the proximal part of the uterus where the fertilization occurs [19]. The presence of nuclear pores and granular material in the perinuclear region, in particular near the nucleolus, suggests a mass transfer to the cytoplasm [8,9]. This granular material tends to coalesce and form a non membrane-bound chromatoid body. This phenomenon has been commonly described in primary oocytes [6,8,9,57], and variously named (e.g. ‘nuclear extrusion’, ‘nucleolus-like cytoplasmic body’). This granular mass is commonly surrounded by clustered mitochondria, excepted for Dicrocoelium dendriticum where cisternae of endoplasmic reticulum and Golgi complex surrounded this structure [13]. Burton [6] considered that the process is probably associated with the migration of RNA to the cytoplasm, and Koulish [9] underline that this granular structure contains RNA [11]. No Golgi complexes have been observed in the present study, like in Fasciola hepatica [7], even though the cytoplasmic inclusions are certainly synthesized by endoplasmic reticulum sacculi and Golgi complexes.
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In the fully mature oocytes, we have observed the main synthesized inclusion of the oogenesis. Small vesicles, initially randomly distributed in the cytoplasm, migrate to the cortical cytoplasm where they form a monolayer just beneath the oolemma. These vesicles have been described in numerous digenean trematodes [3–15], and in other Platyhelminthes [45,50,51,55,58–76]. The chemical composition of these vesicles is not already known. For Cifrian et al. [13] and Gupta et al. [10] cortical granules consist of proteins and glycoproteins and do not contain polyphenols; however it is the opposite in some other Platyhelminthes [64]. In the present study, the TCH incubation [35] made us conclude to the lack of polysaccharides and glycogen in germ cells of M. depressa. Nevertheless these granules should function similar to those in oocytes of other animals, which act in the blocking of polyspermy during fertilization [15]. Some cestodes studied to date are devoid of these cortical granules [77]. Some concentric loops of endoplasmic reticulum sacculi surrounding small electron-dense aggregates have been described in D. dendriticum oocytes [13], whereas they have been observed in M. depressa vitellocytes. The amount of mitochondria is important in mature oocytes, and they are clustered in one or two groups at a pole of the mature germ cells. The distribution of mitochondria is correlated with the phases of growth and development of the oocytes and is no doubt related to their functional activity [8]. Fully mature oocytes of M. depressa are devoid of lipid droplets in the ooplasm, unlike Halipegus eccentricus [14]. This characteristic could result from the important lipid content of vitellocytes of M. depressa, which provides enough lipids for the developing embryo. It is probable that the process of oogenesis of M. depressa is not over when the oocyte has left the ovary.
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Fig. 25. Diagram showing the three stages of oogenesis of Metadena depressa. (A): Oogonium; (B): primary oocyte; (C): mature oocyte. Bar = 2 mm. CB: Cytoplasmic Body; CG: Cortical Granule; Chr: heteroChromatin; GER: Granular Endoplasmic Reticulum; M: Mitochondrion; Nl: Nucleolus; Np: Nuclear pore; R: Ribosomal perinuclear material; SC: Synaptonemal Complex; sER: smooth Endoplasmic Reticulum.



[1] H.K. Yosufzai, Shell gland and egg-shell formation in Fasciola hepatica L, Parasitology. 43 (1953) 88–93. [2] M.M. Nez, R.B. Short, Gametogenesis in Schistosomatium douthitti (Cort) (Schistosomatidae: Trematoda), J. Parasitol. 43 (1957) 167–182. [3] C.H. Willey, S. Koulish, Development of germ cells in the adult stage of the digenetic trematode, Gorgoderina attenuata Stafford, 1902, J. Parasitol. 36 (1950) 67–79. [4] C. Willey, G.C. Godman, Gametogenesis, fertilization and cleavage in the trematode, Zygocotyle lunata (Paramphistomidae), J. Parasitol. 37 (1951) 283–296. [5] J. Govaert, Deoxyribonucleic acid content of the germinal vesicle of the ovocyte in Fasciola hepatica, Nature. 172 (1953) 302–303. [6] P.R. Burton, A histochemical study of vitelline cells, egg capsules, and Mehlis’ gland in the frog lung-ﬂuke, Haematoloechus medioplexus, J. Exp. Zool. 154 (1963) 247–257. [7] N. Bjo¨rkman, W. Thorsell, On the ultrastructure of the ovary of the liver ﬂuke (Fasciola hepatica L.), Z. Zellforsch. Mik. Ana. 63 (1964) 538–549. [8] R.A.R. Gresson, Oogenesis in the hermaphroditic Digenea (Trematoda), Parasitology. 54 (1964) 409–421. [9] S. Koulish, Ultrastructure of differentiating oocytes in trematode Gorgoderina attenuata .I. Nucleolus-like cytoplasmic body and some lamellar membrane systems, Dev. Biol. 12 (1965) 248–268.



666



S. Greani et al. / C. R. Biologies 335 (2012) 657–667



[10] B.C. Gupta, V.R. Parshad, S.S. Guraya, Morphological and histochemical observations on the oocapt and oviducal transport of oocytes in Paramphistomum cervi (Zeder, 1790) (Digenea: Trematoda), J. Helminthol. 57 (1983) 149–153. [11] J.L. Justine, X. Mattei, Ultrastructural observations on the spermatozoon, oocyte and fertilization process in Gonapodasmius, a gonochoristic trematode (Trematoda, Digenea, Didymozoidae), Acta. Zool.-Stockholm. 65 (1984) 171–177. [12] Y. Orido, Development of the ovary and the female reproductive cells of the lung-ﬂuke, Paragonimus ohirai (Trematoda, Troglotrematidae), J. Parasitol. 73 (1987) 161–171. [13] B. Cifrian, S. Martinez-Alos, V. Gremigni, Ultrastructural and cytochemical studies on the germarium of Dicrocoelium dendriticum (Plathelminthes, Digenea), Zoomorphology. 113 (1993) 165–171. [14] L.G. Poddubnaya, D.I. Gibson, P.D. Olson, Ultrastructure of the ovary, ovicapt and oviduct of the spathebothriidean tapeworm Didymobothrium rudolphii (Monticelli, 1890), Acta. Parasitol. 52 (2007) 127–134. [15] A. Meepool, P. Sobhon, Ooogenesis of the liver ﬂuke Fasciola gigantica, JMST. 23 (2009) 15–19. [16] J.M. Holy, D.D. Wittrock, Ultrastructure of the female reproductiveorgans (ovary, vitellaria, and Mehlis gland) of Halipegus eccentricus (Trematoda, Derogenidae), Can. J. Zool. 64 (1986) 2203–2212. [17] R.A.R. Gresson, The gametogenesis of the digenetic trematode Sphaerostoma bramae (Muller) Luhe, Parasitology. 48 (1958) 293–302. [18] R.M. Cable, Studies of the germ cell cycle of Cryptocotyle lingua Creplin 1. Gametogenesis in the Adult, Q. J. Microsc. Sci. 74 (1931) 563–590. [19] R.A.R. Gresson, Electron microscopy of the ovary of Fasciola hepatica, Q. J. Microsc. Sci. 105 (1964) 213–218. [20] G.S. Tulloch, J.E. Shapiro, The ultra structure of the vitelline cells of Haematoloechus, J. Parasitol. 43 (1957) 628–632. [21] S.W.B. Irwin, L.T. Threadgold, Electron-microscope studies on Fasciola hepatica .8. Development of vitelline cells, Exp. Parasitol. 28 (1970) 399–411. [22] D.A. Erasmus, Comparative study of reproductive system of mature, immature and unisexual female Schistosoma mansoni, Parasitology. 67 (1973) 165–183. [23] W.C. Grant, R. Harkema, K.E. Muse, Ultrastructure of Pharyngostomoides procyonis Harkema 1942 (Diplostomatidae). 2. Female reproductive system, J. Parasitol. 63 (1977) 1019–1030. [24] S.W.B. Irwin, J.G. Maguire, Ultrastructure of the vitelline follicles of Gorgoderina vitelliloba (Trematoda – Gorgoderidae), Int. J. Parasitol. 9 (1979) 47–53. [25] D.A. Erasmus, I. Popiel, J.R. Shaw, A comparative study of the vitelline cell in Schistosoma mansoni, S. haematobium, S. japonicum and S. mattheei, Parasitology. 84 (1982) 283–287. [26] H.T. Hendow, B.L. James, Ultrastructure of vitellarium, vitellogenesis and associated ducts in Maritrema linguilla (Digenea, Microphallidae), Int. J. Parasitol. 19 (1989) 489–497. [27] S. Martinez-Alos, B. Cifrian, V. Gremigni, Ultrastructural investigations on the vitellaria of the digenean Dicrocoelium dendriticum, J. Submicr. Cytol. Path. 25 (1993) 583–590. [28] M. Sampour, The study of vitelline gland of Haploporus lateralis (Digenea: Trematoda), Pak. J. Biol. Sci. 11 (2008) 113–117. [29] Z. Swiderski, A.J.S. Bakhoum, I. Montoliu, C. Feliu, D.I. Gibson, J. Miquel, Ultrastructural study of vitellogenesis in Maritrema feliui (Digenea, Microphallidae), Parasitol. Res. 109 (2011) 1707–1714. [30] C. Levron, L. Poddubnaya, M. Oros, T. Scholz, Vitellogenesis of basal trematode Aspidogaster limacoides (Aspidogastrea Aspidogastridae), Parasitol. Int. 59 (2010) 532–538. [31] S. Greani, Y. Quilichini, J. Foata, B. Marchand, Ultrastructural study of vitellogenesis of Aphallus tubarium (Rudolphi, 1819) Poche, 1926 (Digenea, Cryptogonimidae), intestinal parasite of Dentex dentex (Pisces, Teleostei), J. Parasitol. (2012) in press. [32] L.G. Poddubnaya, M. Brunanska, Z. Swiderski, D.I. Gibson, Ultrastructure of the vitellarium in the digeneans Phyllodistomum angulatum (Plagiorchiida, Gorgoderidae) and Azygia lucii (Strigeida, Azygiidae), Acta. Parasitol. 57 (2012) 235–246. [33] K.G. Adiyodi, R.G. Adiyodi, Accessory sex glands, in: K.G. Adiyodi, R.G. Adiyodi (Eds.), Reproductive Biology of Invertebrates, John Wiley & Sons, New York, 1988, pp. 1–50. [34] A. Falleni, C. Ghezzani, P. Lucchesi, The use of transmission electron microscopy to solve problems in the study of the female gonad in platyhelminths, in: A. Mendez-Vilas, J. Diaz (Eds.), Microscopy: Science, Technology, Applications and Education, Formatex, Badajoz, 2010, pp. 162–169. [35] J.P. Thiery, Demonstration of polysaccharides in thin sections by electron microscopy, J. Microsc. 6 (1967) 987–1018. [36] E.S. Reynolds, Use of lead citrate at high Ph as an electron-opaque stain in electron microscopy, J. Cell. Biol. 17 (1963) 208–212.



[37] Y. Irie, P.F. Basch, N. Beach, Reproductive ultrastructure of adult Schistosoma mansoni grown in vitro, J. Parasitol. 69 (1983) 559–566. [38] J.H. Waite, A.C. Rice-Ficht, Eggshell precursor proteins of Fasciola hepatica, II. Microheterogeneity in vitelline protein B, Mol. Biochem. Parasit. 54 (1992) 143–152. [39] J. Schmidt, Glycan vesicle formation in vitellocytes and hatching vacuoles in eggs of Echinostoma caproni and Fasciola hepatica (Digenea), Tissue. Cell. 30 (1998) 416–426. [40] B. Sopott-Ehlers, Electron microscopical observations on vitellocytes and germocytes in Nematoplana coelogynoporoides (Platyhelminthes, Proseriata), Zoomorphology. 110 (1991) 293–300. [41] B. Sopott-Ehlers, Ultrastructural studies on vitellocytes of Parotoplaninae (Plathelminthes, Proseriata) with special reference to the structure of eggshell-forming granules, Zoomorphology. 112 (1992) 125–131. [42] A. Falleni, P. Lucchesi, V. Gremigni, Ultrastructural and cytochemical studies of the female gonad of Prorhynchus sp. (Platyhelminthes, Lecithoepitheliata), Hydrobiologia. 305 (1995) 199–206. [43] M. Brunanska, Proteocephalus exiguus La Rue, 1911 (Cestoda, Proteocephalidae): ultrastructure of the vitelline cells, Helminthologia. 34 (1997) 9–13. [44] M.d.F.D. Baptista-Farias, A. Kohn, Ultrastructural observations of the vitelline cells of Metamicrocotyla macracantha (Monogenea, Microcotylidae), Mem. I. Oswaldo. Cruz. 93 (1998) 543–548. [45] A. Falleni, P. Lucchesi, V. Gremigni, Ultrastructure of the female gonad of two temnocephalids (Platyhelminthes, Rabdocoela), Hydrobiologia. 383 (1998) 215–226. [46] Z. Swiderski, W.E.R. Xylander, Vitellocytes and vitellogenesis in cestodes in relation to embryonic development, egg production and life cycle, Int. J. Parasitol. 30 (2000) 805–817. [47] A. Falleni, P. Lucchesi, V. Gremigni, The ultrastructure of oocytes and vitellocyte inclusions in a scutariellid (Platyhelminthes, Rabdocoela, Temnocephalida) with phylogenetic implications, Belg. J. Zool. 131 (2001) 187–189. [48] A. Falleni, P. Lucchesi, V. Gremigni, The female gonad of the epizoic platyhelminth Troglocaridicola sp (Rhabdocoela, Temnocephalida, Scutariellidae): ultrastructural and cytochemical investigations, Micron. 33 (2002) 417–428. [49] Z. Swiderski, D. Mlocicki, C. Eira, J. Miquel, B. Grytner-Ziecina, J.S. Mackiewicz, Vitellogenesis in Mosgovoyia ctenoides (Railliet, 1890) Beveridge, 1978 (Cyclophyllidea, Anoplocephalidae), Acta. Parasitol. 50 (2005) 305–311. [50] A. Falleni, P. Lucchesi, C. Ghezzani, M. Silveira, V. Gremigni, Ultrastructural and cytochemical aspects of the female gonad of Geoplana burmeisteri (Platyhelminthes, Tricladida, Terricola), J. Morphol. 267 (2006) 318–332. [51] V. Gremigni, M. Nigro, An ultrastructural study of oogenesis in a marine triclad, Tissue. Cell. 15 (1983) 405–415. [52] Z. Swiderski, M. Brunanska, D. Mlocicki, D.B. Conn, Ultrastructure of the oncospheral envelopes in the pseudophyllidean cestode Eubothrium salvelini (Schrank, 1790), Acta. Parasitol. 50 (2005) 312–318. [53] Z. Swiderski, L.G. Poddubnaya, D.I. Gibson, C. Levron, D. Mlocicki, Egg formation and the early embryonic development of Aspidogaster limacoides Diesing, 1835 (Aspidogastrea: Aspidogastridae), with comments on their phylogenetic signiﬁcance, Parasitol. Int. 60 (2011) 371–380. [54] Z. Swiderski, L.G. Poddubnaya, D.I. Gibson, D. Mlocicki, Advanced stages of the embryonic development and cotylocidial morphogenesis in the intrauterine eggs of Aspidogaster limacoides Diesing, 1835 (Aspidogastrea), with comments on their phylogenetic implications, Acta. Parasitol. 57 (2012) 131–148. [55] D.W. Halton, S.D. Stranock, A. Hardcastle, Fine-structural observations on oocyte development in Monogeneans, Parasitology. 73 (1976) 13– 23. [56] L.G. Poddubnaya, J.S. Mackiewicz, M. Brunanska, T. Scholz, Ultrastructural studies on the reproduction system of progenetic Diplocotyle olrikii (Cestoda, Spathebothriidea): ovarian tissue, Acta. Parasitol. 50 (2005) 199–207. [57] M.I. Pennypacker, The chromosomes and extranuclear material in the maturing germ cells of a frog lung-ﬂuke, Pneumonoeces similiplexus Stafford, J. Morphol. 66 (1940) 481–495. [58] V. Gremigni, Histochemistry and ultrastructure of oogenesis in Tricladida, Atti. Accad. Naz. Lin. 47 (1969) 397–407. [59] B.C. Boyer, Ultrastructural studies of differentiation in oocyte of Polyclad turbellarian, Prostheceraeus ﬂoridanus, J. Morphol. 136 (1972) 273– 295. [60] V. Gremigni, M. Nigro, Ultrastructural study of oogenesis in Monocelis lineata (Turbellaria, Proseriata), Int. J. Inver. Rep. Dev. 7 (1984) 105– 118. [61] V. Gremigni, M. Nigro, M.S. Settembrini, Ultrastructural features of oogenesis in some marine neoophoran turbellarians, Hydrobiologia. 132 (1986) 145–150.



S. Greani et al. / C. R. Biologies 335 (2012) 657–667 [62] J.L. Justine, X. Mattei, Ultrastructural observations on fertilization in Dionchus remorae (Platyhelminthes, Monogenea, Dionchidae), Acta. Zool.-Stockholm. 67 (1986) 97–101. [63] B. Sopott-Ehlers, Fine-structural characteristics of female and male germ cells in Proseriata Otoplanidae (Platyhelminthes), Hydrobiologia. 132 (1986) 137–144. [64] M. Nigro, V. Gremigni, Ultrastructural features of oogenesis in a freeliving Platyhelminth, Vorticeros luteum, Tissue. Cell. 19 (1987) 377–386. [65] J.B. Williams, Ultrastructural studies on Kronborgia (Platyhelminthes: Fecampiidae): the oocyte of K. isopodicola, with comments on oocyte microvilli and chromatoid bodies, Int. J. Parasitol. 19 (1989) 207–216. [66] A. Falleni, V. Gremigni, Ultrastructural study of oogenesis in the Acoel Turbellarian Convoluta, Tissue. Cell. 22 (1990) 301–310. [67] A. Falleni, V. Gremigni, An ultrastructural study of growing oocytes in Nematoplana rigeri (Platyhelminthes), J. Submicr. Cytol. Path. 24 (1992) 51–59. [68] A. Falleni, Ultrastructure of growing oocytes and accessory cells in Austrognathia (Gnathostomulida, Bursovaginoidea), Tissue. Cell. 25 (1993) 777–790. [69] T. Tappenden, G.C. Kearn, R. Evans-Gowing, Fertilization and the functional anatomy of the germarium in the monogenean Entobdella soleae, Int. J. Parasitol. 23 (1993) 901–911. [70] J.L. Justine, X. Mattei, L. Euzet, Ultrastructure of Tetraonchoides (Platyhelminthes, Monogenea): tegument, tegumentary receptors, oocytes and mineralous corpuscules, Ann. Sci. Nat. Zool. 15 (1994) 151–161.



667



[71] V. Gremigni, The evolution of the female gonad in PlatyhelminthesTurbellaria: ultrastructural investigations, Invertebrate. Reprod. Dev. 31 (1997) 325–330. [72] S. Tekaya, A. Falleni, A. Dhainaut, F. Zghal, V. Gremigni, The ovary of the gonochoristic marine triclad Sabussowia dioica: ultrastructural and cytochemical investigations, Micron. 30 (1999) 71–83. [73] L.G. Poddubnaya, J.S. Mackiewicz, Z. Swiderski, M. Brunanska, T. Scholz, Fine structure of egg-forming complex ducts, eggshell formation and supporting neuronal plexus in progenetic Diplocotyle olrikii (Cestoda, Spathebothriidea), Acta. Parasitol. 50 (2005) 292–304. [74] M. Charni, A. Ben Ammar, M.H. Jaafoura, F. Zghal, S. Tekaya, Ultrastructure of germaria and vitellaria in Dugesia sicula Lepori, 1948 (Platyhelminthes, Tricladida, Paludicola), Belg. J. Zool. 140 (2010) 111–118. [75] L.G. Poddubnaya, R. Kuchta, T. Scholz, W.E.R. Xylander, Ultrastructure of the ovarian follicles, oviducts and oocytes of Gyrocotyle urna (Neodermata: Gyrocotylidea), Folia. Parasit. 57 (2010) 173–184. [76] A.H. Harrath, S.H. Alwasal, I. Alhazza, F. Zghal, S. Tekaya, E´tude ultrastructurale de l’ovogene`se chez la planaire Schmidtea mediterranea (Plathelminthe, Paludicole), C.R. Biologies 334 (2011) 516–525. [77] Z. Swiderski, D.B. Conn, J. Miquel, D. Mlocicki, Fertilization in the cestode Gallegoides arfaai (Mobedi et Ghadirian, 1977) Tenora et Mas-Coma, 1978 (Cyclophyllidea, Anoplocephalidae), Acta. Parasitol. 49 (2004) 108–115.





 Lihat lebih banyak...



Comentários



























Relatórios "Ultrastructural study of vitellogenesis and oogenesis of Metadena depressa (Stossich, 1883) Linton, 1910 (Digenea, Cryptogonimidae), intestinal parasite of Dentex dentex (Pisces, Teleostei) "






Por favor, preencha este formulário, tentaremos o mais rápido possível.


Teu nome




Correio eletrônico




Razão
-Escolha um motivo-
Pornografia
Difamação
Ilegal / Haram
Spam
Outros termos de serviço
Arquivar uma reclamação de direitos autorais





Descrição do Produto








Fechar
Enviar














Download "Ultrastructural study of vitellogenesis and oogenesis of Metadena depressa (Stossich, 1883) Linton, 1910 (Digenea, Cryptogonimidae), intestinal parasite of Dentex dentex (Pisces, Teleostei) "





Somos uma comunidade de intercâmbio. Por favor, ajude-nos com a subida  1  um novo documento ou um que queremos baixar:



ARQUIVO DO DOCUMENTO DE ATUALIZAÇÃO


OU DOWNLOAD IMEDIATAMENTE













Fechar













Compartilhar e Incorporar "Ultrastructural study of vitellogenesis and oogenesis of Metadena depressa (Stossich, 1883) Linton, 1910 (Digenea, Cryptogonimidae), intestinal parasite of Dentex dentex (Pisces, Teleostei) "





Copie e cole esse script de incorporação para o local onde deseja incorporar



Incluir Script




Tamanho(px)
750x600
750x500
600x500
600x400





URL










Fechar











 
 
 



Sobre nós | 
Termos | 
Privacidade | 
Direito autoral | 
Contato










Copyright © 2017 DADOSPDF Inc.






