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    The knowledge we have today about reproduction in mammals is well advanced, the morphological aspects, endocrine, biochemical, molecular as well as regulatory mechanisms and signal transduction related to reproduction, can be manipulated to support assisted animal reproduction.




    Thus, the scientists focusing on the biology of reproduction have been able to clone and freeze gametes in germ cell transplantation, with worth-mentioning advances in basic research.




    A review of books on reproduction in mammals, do not provide extensive information; however, books published on reproduction in bats have opened to us the fascinating world of reproduction, which delineates some of the paradigms established for the generality of mammals. Books on reproduction in bats, contain information covering aspects of reproductive ecophysiology, morphology and little about reproductive physiology, but none is focused on the physiological and biochemical aspects of reproduction in bats, as they were published at a time when information about these species was not enough to explain these processes. However, recently, many articles have been published that intend to explain the extraordinary physiology and biochemistry of reproductive processes in bats.




    Although the literature on reproduction in bats is limited as compared to reproduction in mammals, this book only contains seven chapters on advances in biology, physiology and biochemistry of reproduction in male bats and its sperm cells.
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      Glossary



      

        

          	



          	

        




        

          	Acrosomal reaction



          	Fusion between the sperm plasma membrane and the outer membrane of the acrosome releasing the contents of it to the external environment and leaving the sperm acrosome protected by the inner membrane, which help the sperm to move through the zona pellucida, to fertilize the egg.

        




        

          	Acrosome



          	Small tank located at the apical end of the sperm head and containing hydrolytic enzymes.

        




        

          	Androgens



          	Steroid hormones (derived from cyclopentanoperhydrophenanthrene) whose main function is to stimulate the development of male sexual characteristics.

        




        

          	Anisogamia



          	Form of sexual reproduction in which the bind male and female gametes are morphologically different.

        




        

          	Annulus



          	A structure located at the distal end of the midpiece of the sperm flagellum; the annulus is thought to form a diffusion barrier between the midpiece and the principal piece and serve as a stabilizing structure for tail rigidity.

        




        

          	Apocrine



          	Ejecting gland secretory product released together with a part of the cell.

        




        

          	Arousal



          	Physiological and psychological state of being awake.

        




        

          	Autocrine



          	Cell signaling in which a cell secretes a hormone or chemical messenger (called the autocrine agent) that binds to autocrine receptors on that same cell leading to changes in the cell.

        




        

          	Axoneme



          	An axial inner structure of cilia and flagella of eukaryotic microtubular basically which is the essential element for mobility.

        




        

          	Baculum



          	A bone found in the penis of most mammals more precisely in insectivores, rodents, carnivores and primates. Among domestic species, it is found in the cat and dog. This bone allows these animals penetration in the absence of erection.

        




        

          	Breeding



          	The reproduction that is producing of offspring usually animals or plants.

        




        

          	Canicula



          	Season of the year in which heat is stronger both in the South and the North.

        




        

          	Chromatin



          	The way that presents the DNA in the cell nucleus. It is the substance of eukaryotic chromosomes base corresponding to the association of DNA, RNA and proteins found in the interphase nucleus of eukaryotic cells and constitutes the genome.

        




        

          	Cumulus cells



          	Cells surrounding the both oocyte and the ovarian follicle after ovulation. It´s functions are oocyte protection, coordination of follicular development and oocyte maturation.

        




        

          	Cunnilingus



          	It is the practice of oral sex in the female genitals.

        




        

          	Cytokinesis



          	The process during cell division in which the cytoplasm of a single eukaryotic cell is divided to form two daughter cells.

        




        

          	Diverticulae



          	From the medical or biological term for an outpouching of a hollow (or a fluid-filled) structure in the body.

        




        

          	Ensiform



          	Shaped sword structure.

        




        

          	Estromal cell



          	Connective tissue cells of any organ.

        




        

          	Euchromatin



          	Lightly packed form of chromatin (heterochromatin unless that is often not active almost never) with a high concentration of genes, and often (not always) is in active transcription.

        




        

          	Excoriation



          	Skin irritation that occurs where skin rubs against itself clothes or other material.

        




        

          	Falciform



          	Sickle form structure.

        




        

          	Fellatio



          	It is a form of oral sex is sucking or licking the penis or scrotum with the mouth lips, or tongue.

        




        

          	Glans



          	The sensitive bulbous structure at the distal end of the penis.

        




        

          	Harem



          	Of Arab means harem which forbidden, this term is used to mean women sanctuary or more women.

        




        

          	Heterothermic



          	It applies to animals that can not regulate its temperature and therefore have the same of the living environment.

        




        

          	Hypertrophy



          	Growth or increase in size of muscle fibers.

        




        

          	Horn



          	Point where the uterus and the fallopian tube meet.

        




        

          	Inguinal



          	The inguinal canal in adults is the oblique passage of about 4 cm long, inferomedially directed through the lower portion of the anterolateral abdominal wall.

        




        

          	Intrasexual



          	Between individuals of the same sex.

        




        

          	Lectins



          	proteins that bind to sugars with high specificity for each different type. Its main role is in recognition phenomena both molecular and cellular levels.

        




        

          	Manchette



          	A transient skirt-like structure surrounding the elongating spermatid head and is only present during spermatid elongation.

        




        

          	Mating



          	It is the set of all courtship and breeding behaviors that perform two individuals of different sex to procreate and culminates in copulation.

        




        

          	Merocrine



          	Mode widespread secretion from exocrine cells (glands that secrete substances ejected through an excretory channel). In the case of a secretory merocrine cell does not deteriorate because of the synthesized substance release is by exocytosis.

        




        

          	Metabolites



          	Intermediates and products of metabolism. They have various functions including fuel, structure, signaling, stimulatory and inhibitory effects on enzymes, catalytic activity of their own (usually as a cofactor to an enzyme), defense, and interactions with other organisms.

        




        

          	Paracrine



          	Form of cell-cell communication which produces a signal to induce changes in nearby cells altering the behavior or differentiation of those cells.

        




        

          	Pearson correlation index



          	Measure of the linear relationship between two random variables quantitative.

        




        

          	Pellucid zone



          	Outer layer surrounding the mammals oocyte, separating the perivitelline space. It is composed of several glycoproteins, grouped into three families ZP1, ZP3 and ZP2. The glycoproteins have receptors that are activators for sperm, making egg fertilization possible.

        




        

          	Perforatorium



          	Equivalent to the subacrosomal space and contents described by others in a variety of mammalian sperm.

        




        

          	Phenology



          	Science that studies the relationship between climatic factors and cycles of living things.

        




        

          	Phylostomidae



          	The more varied and diverse family from the order Chiroptera very diverse in their morphology and behavior. Most are insectivores, but there are many species nectarivorous and frugivorous.

        




        

          	Phytophagous



          	An herbivore is an animal that feeds mainly on plants.

        




        

          	Piscivorous



          	A carnivorous animal that feeds mainly on fish.

        




        

          	Poikilothermic



          	Animal whose body temperature varies with the environment because it lacks regulatory mechanisms of the same all animals except birds and mammals.

        




        

          	Quiescence



          	Cell cycle out and kept in phase G. This cell can return to mitotic process if need tissue regeneration.

        




        

          	Spermathecae



          	An organ of the reproductive tract of the females of certain insects mollusks and certain other invertebrates and vertebrados.1 Its purpose is to receive and store sperm received from the male. Generally that is where fertilization takes place, ie the union of the male female gamete when the oocyte is mature

        




        

          	Synaptonemal complexes



          	Proteins structures that forms between homologous chromosomes (two pairs of sister chromatids) during meiosis and is thought to mediate chromosome pairing synapsis, and recombination.

        




        

          	Taxa



          	A group of related organisms which in a given classification have been grouped and assigned a Latin name, according to their description, species, and a type.

        




        

          	Tight bonds



          	Cytological structures present in the epithelium and endothelium cells that create a barrier preventing the free flow impermeability of substances between cells.

        




        

          	Torpid



          	Who or what experience lethargy. Rest lack of activity, numbness, drowsiness or sleepiness.

        




        

          	Torpor



          	Characterized state by a large decrease in the physiological activity in an animal usually evidenced by a reduced of body temperature and metabolic rate. A time of torpor may refer to the period of time a hibernator goes low body temperature, which can last days or weeks, or it can refer to a period of low body temperature and metabolism that lasts less than 24 hours, as in the “daily torpor”.
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      Abstract




      Spermatogenesis is a highly regulated and synchronized process of cellular division and differentiation whereby spermatogonia proliferate, meiotically divide, and gradually differentiate into highly specialized haploid cells, known as spermatozoa. Its main events are generally similar in most mammals, and it may be divided into three phases: the proliferation phase, the meiotic phase, and spermiogenesis. The proliferation phase corresponds to the process of stem cell renewal, where spermatogonia mitotically divide to both replenish the stem cell pool and to originate cells that are subject to further differentiation. The meiotic phase is the process in which spermatocytes undergo meiotic divisions that give rise to haploid spermatids. Moreover, spermiogenesis is the process in which a round spermatid differentiates into a mature spermatozoon that is capable of motility and fertilization. The process of spermatogonial differentiation in bats is relatively similar to that found in primates, with three main types of spermatogonia: Ad, Ap, and B. Meiotic divisions proceed similarly to those of most mammals, and spermiogenesis can be divided into 9 to 16 steps. Despite these similarities, some species-specific variations are observed. Bats present three different processes for the formation of the acrosome, and the ultrastructure of spermatozoa has been found to have unique characteristics, including many wavy acrosomal projections on the acrosome; surface of the family Molossidae, an extraordinarily large head with accordion-like folds of the Noctilionidae, differences in the degree of development of the outer dense fibers, and the presence/absence of a perforatorium.
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      SPERMATOGENESIS




      Spermatogenesis is a highly regulated and synchronized process of cellular division and differentiation whereby stem cells (spermatogonia) proliferate, meiotically divide, and gradually differentiate into highly specialized haploid cells, spermatozoa [1-2]. This differentiation process has attracted the attention of several researchers, not only because it is one of the most finely regulated cellular process, which involves numerous radical changes in the cell shape, biochemistry, and gene regulation, but also because deviations in the process give rise to variations in the final structure of the sperm produced.




      It is well known that morphological variations in the same structure may indicate physiological or operational modifications, which, in the case of sperm, seem to affect the capacities of survival, movement, and fertilization. This has led some researchers to propose that the structure (mainly the ultrastructure) of sperm is species-specific or, at least, similar only between closely related species. Based on this, several studies have used the ultrastructure of sperm as an important tool in the identification and classification of taxa of various groups of organisms as well as in phylogenetic analysis [3-6].




      The main events of the spermatogenesis process are generally similar in most mammals, and spermatogenesis may be divided into three functionally distinct phases: the proliferation phase, the meiotic phase, and spermiogenesis [1, 7].




      The proliferation phase corresponds to the process of stem cell renewal, where spermatogonia mitotically divide to both replenish the stem cell pool and to originate cells that are subject to further differentiation, producing spermatocytes. The meiotic phase is the process in which spermatocytes undergo meiotic divisions that give rise to haploid spermatids. Moreover, the last and longest phase of spermatogenesis corresponds to spermiogenesis, the process in which a round spermatid differentiates into a mature spermatozoon that is capable of motility and fertilization [7, 8].




      Despite the similarities in the process, variations among and within orders, families, and taxa are frequently observed [9-11], mainly determined by variations in the final structure of the spermatozoon [12, 13].


    




    

      ULTRASTRUCTURE OF SPERMATOGENESIS IN BATS




      

        Proliferation Phase




        Spermatogenesis begins with a clonal proliferation process of spermatogonia, which mitotically divide to both replenish the stem cell pool and to be subjected to further differentiation (Fig. 1). Spermatogonia are enclosed in the basal compartment of the seminiferous tubule, attached to the basal lamina and in close relation with Sertoli cells [12].




        Several studies have proposed different recognition methods to classify spermatogonia (based on topographic arrangement, the number of connected cells, the cell morphology, etc.); however, one of the methods seems to be more frequently applied to bats. This method is mainly based on the nuclear morphology, degree of chromatin condensation, and cellular position within the seminiferous epithelium.
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Fig. (1))


        Schematic representation showing the differentiation process of spermatogonia in bats. Note that the spermatogonial differentiation process begins with the true spermatogonial stem cell, denominated Ad. They can be stimulated to divide to both; to replenish the stem cell pool, forming new Ad spermatogonia; and/or to form cells that will be committed to further differentiation, thus forming the type Ap spermatogonia. The type Ap spermatogonia differentiates in a different cell type, the type B spermatogonia, which divide mitotically, clonally increasing the number of spermatogonia in the seminiferous tubules. At the end of mitotic divisions, these cells release the basal lamina, enter into the adluminal compartment, and differentiate into spermatocytes, entering into meiotic division.



        Following this method, Singwi and Lall [14] described three main types of spermatogonia (A, In, and B) in the bat Rhinopoma kinneari; McGuckin and Blackshaw [15] described three types (A, In, and B) in Pteropus poliocephalus; Saidapur and Patil [16] described five types (A1, A2, A3, In, and B) in Rousettus leschenaulti; Moraes et al. [17] described three types (A, In, and B) in Sturnira lilium; and Beguelini et al. [2, 12, 18-20] and Bueno et al. [21] described three types (Ad, Ap, and B) in seven species of Neotropical bats.




        Despite the variation in the number of spermatogonia, three main types are observed in all studies: Ad, Ap and B. Based on this consideration, we propose that the spermatogonial differentiation process in bats begins with the true spermatogonial stem cell, denominated Ad (Fig. 1). These cells are the rarest type of spermatogonia; they present a compact shape, with little cytoplasm and a condensed nucleus, which indicates a quiescent pattern (Fig. 2A). They can be stimulated by paracrine factors of Sertoli and/or Leydig cells [22] to divide to both; to replenish the stem cell pool, forming new Ad spermatogonia; and/or to form cells that will be committed to further differentiation, thus forming the type Ap spermatogonia (Fig. 1).




        The type Ap spermatogonia present a more elongated shape, with large cytoplasm full of organelles, and an elongated nucleus with decondensed chromatin, which indicates a more synthetically active pattern (Fig. 2B). This cell type differentiates in a different cell type, the type B spermatogonia (Fig. 1).




        The type B spermatogonia present a round nucleus with decondensed chromatin and a large cytoplasm (Figs. 2C-D). These spermatogonia divide mitotically, clonally increasing the number of spermatogonia in the seminiferous tubules. At the end of mitotic divisions, these cells release the basal lamina, enter into the adluminal compartment (Fig. 2D), and differentiate into spermatocytes, entering into meiotic division.


      




      

        Meiotic Phase




        The meiotic phase corresponds to the process in which spermatocytes undergo meiotic divisions that give rise to haploid spermatids [8]. In bats, they proceed in a manner similar to those of most mammals, with a single round of DNA replication [23], posterior formation of the synaptonemal complexes, gradual chromatin condensation around them, consequent nucleolar disruption (Fig. 3), and the cytokinesis and formation of haploid spermatids.
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Fig. (2))


        Transmission electron micrographs of the three types of spermatogonia of bats. A. Type Ad spermatogonia of Platyrrhinus lineatus. Note the small size of this cell type, its firm adherence to the basal lamina, and the nucleus that occupies most of its cytoplasm. B. Type Ap spermatogonia of Molossus molossus. Note the more elongated shape of this cell type, with a relatively greater proportion of cytoplasm, the less accentuated adherence to the basal lamina, and the more euchromatic nucleus. C-D. Type B spermatogonia of Platyrrhinus lineatus. Note that this cell type starts the process of ascension into the adluminal compartment, migrating the nucleus and the cytoplasm to the upstream regions of the basal compartment (C), losing contact with the basal lamina (D). (BL, basal lamina; M, mitochondria; My, myoid cell; N, nucleus; No, nucleolus; Se, Sertoli cell). Scale bars = 2µm.

      




      

        Spermiogenesis




        The last and longest phase of spermatogenesis corresponds to spermiogenesis, the process in which a round spermatid differentiates into a mature spermatozoon that is capable of motility and fertilization [7]. The spermiogenesis process tends to be species-specific, presenting different characteristics in each species or being similar only between closely related species. This occurs because there are variations in the final ultrastructure of the sperm head of some species, and we know that the more elaborate the structure is, the more complex the process of its formation. Thus, the number of steps in spermatid differentiation in bats varies widely, from 9 to 16 steps [2, 12, 14, 16, 18-21, 24-26].
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Fig. (3))


        Electron micrographs of the meiotic cells (meiosis I) of Molossus molossus (A-C) and Platyrrhinus lineatus (D-E). A. Leptotene. B. Zygotene. C. Pachytene. D. Diplotene. E. Diakinesis. F. Metaphase. Note the increase in the degree of chromatin condensation around the synaptonemal complexes (A–E, arrows); the disorganization of the nucleolus from leptotene (A) to diplotene (D), with a great nucleolar fragmentation in pachytene (arrow-heads); and the structural framework in the middle of the chromosomes in diakinesis (E, arrow). (Ch, chromosomes; N, nucleus). Scale bars = 2µm.



        Despite the variation in the number of steps, based on morphological changes that occurred during differentiation of spermatids into spermatozoa, the spermiogenesis process can be clearly divided in four phases: the Golgi, the cap, the acrosome, and the maturation phases. In some Neotropical species of bats, these phases have been clearly divided into 12 steps, with the Golgi phase corresponding to steps 1 to 4, the cap phase to steps 5 to 8, the acrosomal phase to steps 9 to 10, and the maturation phase to steps 11 to 12 [2, 12, 19-21].




        
[image: ]


Fig. (4))


        Electron micrographs of the spermatids of Molossus molossus showing the spermiogenesis process (Golgi phase). A. Step 1 spermatids. Note that there is little differentiation in this type of spermatid. B-C. Step 2 spermatids. Note the considerable development of the Golgi complex and the formation of large proacrosomal vesicles (C, arrow). D. Step 3 spermatid. Note the large proacrosomal vacuole adjacent to the nucleus. E. Step 4 spermatid. Note the attachment of the proacrosomal vacuole to the nuclear envelope, forming a concavity in the nucleus. (G, Golgi complex; N, nucleus; No, nucleolus; PV, proacrosomal vacuole).

      




      

        Golgi Phase




        The Golgi phase is characterized by initiation of the differentiation process, in which round spermatids, newly formed from the second meiotic division, enter into the spermiogenesis process (Fig. 4). The main processes that occur during this phase are linked to the development of the Golgi complex (Figs. 4B-C), formation of several proacrosomal vesicles (Fig. 4C), fusion of the proacrosomal vesicles to form the proacrosomal vacuole (Fig. 4D), and the attachment of the proacrosomal vacuole to the nucleus to begin the formation of the acrosome (Fig. 4E). Initiation of the formation of the flagellum also occurs in this phase.
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Fig. (5))


        Electron micrographs showing differences in the content of the proacrosomal vesicles and vacuole in the spermatids of bats. A. Molossus molossus. Note the presence of an electron-dense granule inside the proacrosomal vacuole (arrow). B. Myotis nigricans. Note the absence of electron-dense granules, with their proacrosomal vesicles and vacuole being composed only of an electron-lucid matrix. C-D. Platyrrhinus lineatus. Note that their Golgi complexes produce two different types of proacrosomal vesicles and vacuole – one electron-dense (arrow), which attaches first to the nucleus, and the other electron-lucid, which attaches later (arrowheads) – but with neither of them showing an electron-dense granule inside. (G, Golgi complex; N, nucleus; PV, proacrosomal vacuole).



        Although all bats present similar processes during the Golgi phase, some species-specific variations have been observed. Like in most mammals [27-29], some species of bats present an electron-dense granule inside the proacrosomal vesicles and vacuole (Fig. 5A) during the development of the acrosome [2]. However, other species do not have electron-dense granules [19], with their proacrosomal vesicles and vacuole being composed only of an electron-lucid matrix (Fig. 5B).




        In other species [12, 20], we have observed that their Golgi complexes produce two different types of proacrosomal vesicles and vacuoles – one electron-dense, which attaches first to the nucleus, and the other electron-lucid, which attaches later (Figs. 5C-D) – but with neither of them showing an electron-dense granule inside. This difference can be related to the formation of the perforatorium, where these electron-dense materials may be the basic substance from their mounting. Thus, electron-dense substance are present only in species that have a perforatorium.
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Fig. (6))


        Electron micrographs of the spermatids of Platyrrhinus lineatus (A-B and E) and Molossus molossus (C-D and F) showing the spermiogenesis process (Cap phase). A–B. Step 5 spermatids. Note that the proacrosomal vacuole is firmly attached to the nucleus and beginning to extend, covering the nucleus and forming the acrosomal cap. C. Step 6 spermatid. Note the intimate association of the acrosomal cap with the nuclear envelope and two types of components inside, a more electron-dense type and a translucent type. D. Step 7 spermatid. Note the expansion of the acrosomal cap, which covers most of the nuclear surface and contains a strong electron- dense matrix. E-F. Step 8 spermatids. Note the development of an elevation in the distal region of the acrosome (arrow), the approach of the nucleus to the plasma membrane, and the development of the flagellum. (Ac, acrosomal cap; Ax, axoneme; CA, centriolar adjunct; N, nucleus; PC, proximal centriole).

      




      

        Cap Phase




        In the cap phase (Fig. 6), the proacrosomal vacuole is flattened against the nucleus (Fig. 6A) and begins to extend laterally (Fig. 6B), forming the acrosomal cap and defining the cranial pole of the spermatid (Figs. 6C-E). Similarly, the centrioles migrate to the opposite pole, forming the flagellum and defining the caudal pole of the spermatid (Figs. 6E-F).
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Fig. (7))


        Electron micrographs of the spermatids of Platyrrhinus lineatus (A-C), Carollia perspicillata (D), and Eptesicus furinalis (E) showing the spermiogenesis process (Acrosome phase). A–D. Early (A), middle (B), and late (C-D) step 9 spermatids. Note that major changes in nuclear elongation and condensation gradually occur in this step, when the longitudinal microtubule manchette (Mt), connected to the nuclear ring (arrows), has its fibers gradually shortened, pulling the acrosomes, making it cover the entire rostral end of the nucleus, which will assume an arrow shape (E). E. Step 10 spermatid. Note that at this step, the nuclear ring completes its dislocation to the posterior region of the nucleus, the annulus commences its caudal migration, and the organization of the midpiece begins. (A, acrosome; An, annulus; Ax, axonema; Mt, microtubule manchette; N, nucleus).

      




      

        Acrosome Phase




        In the acrosome phase, the acrosome develops, covering the entire nucleus, and as a consequence, nuclear elongation and condensation take place (Fig. 7). Nuclear elongation occurs when the fibers of the longitudinal microtubule manchette attach to the nuclear ring (Fig. 7A) and gradually shorten, pulling the acrosomes (Figs. 7B-D) and making them cover the entire rostral end of the nucleus, which now assumes an arrow shape (Fig. 7E). Nuclear condensation occurs gradually and concomitantly with nuclear elongation. The flagellum develops considerably during this phase, with formation of the nuclear fossa, positioning of the centriolar adjunct, and elongation of the axoneme (Fig. 7E).
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Fig. (8))


        Electron micrographs of the spermatids of Molossus molossus (A) and Platyrrhinus lineatus (B-D) showing the spermiogenesis process (Maturation phase). A–B. Step 11 spermatids. Note the beginning of the formation of the perforatorium (if it is present in the species) in the rostral region of the nucleus (A) and the development of secondary structures, like the acrosomal projections, forming lateral blisters on the spermatozoon surface (B, arrows). C-D. Step 12 spermatid. Note that at this step, the spermatids have achieved the basic format of the spermatozoa, with the compact and arrow-shaped head and the mid (C), principal (D), and end pieces already organized. (A, acrosome; Af, axial filament; FS, fibrous sheath; M, mitochondria; MP, midpiece; N, nucleus; P, perforatorium; PP, principal piece).

      




      

        Maturation Phase




        The maturation phase ends the differentiation process for the formation of spermatozoa. In this phase, the acrosome and nucleus complete their elongation and condensation, and the spermatozoon head assumes its final form (Fig. 8A). Similarly, the mid, principal, and end pieces are organized, forming the functional flagellum (Figs. 8C-D). All secondary structures (like acrosomal ornaments, perforatorium, etc.) seem to be built in this phase (Figs. 8A-B) and, in the final step of this phase, the spermatozoa were release into the seminiferous lumen (spermiation process).
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Fig. (9))


        Schematic representation of the ultrastructure of the spermatozoon of bats. A. Diagram of the basic bat spermatozoon in the longitudinal section. B. Diagram showing the presence of the perforatorium and the larger outer dense fibers 1, 5, and 6 in some species. C. Diagram showing the absence of the perforatorium and the larger outer dense fibers 1, 5, 6, and 9 in other species. (A, acrosome; Af, axial filament; An, annulus; Fs, fibrous sheath; Iam, inner acrosomal membrane; Lc, longitudinal column; M, mitochondria; N, nucleus; Oam, outer acrosomal membrane; Od, outer dense fibers; P, perforatorium; Pc, proximal centriole; Pm, plasma membrane; S, space between the plasma membrane and the outer acrosomal membrane; Ss, subacrosomal space).

      


    




    

      ULTRASTRUCTURE OF BAT SPERMATOZOA




      The general ultrastructure of the spermatozoon of bats seems to be relatively similar in most species already studied [2, 12, 19-21, 30, 31] and resembles the typical mammalian sperm model (Fig. 9A), which consists of a dorsoventrally flattened, ovate, ensiform, or falciform head [32]. However, its morphology differs from other mammals such as marsupials [33, 34] and rodents [28] on account of a simpler spermatozoon head morphology, which indicates a pattern that is more closely related to the spermatozoa of humans and other primates [32, 35, 36].




      The typical bat sperm has a dorsoventrally flattened, arrow-like head (Fig. 8). The nucleus is arrow-shaped and occupies almost the entire head, presenting an extremely electron-dense and homogeneous chromatin. The acrosome has a highly homogeneous electron-dense matrix that extends up from the rostral region of the nucleus and covers it; it is externally surrounded by the outer acrosomal membrane and internally by the inner acrosome membrane, which is in contact with a reduced subacrosomal space (Fig. 8A).




      The base of the nucleus has a concavity where the flagellum attaches to the head (Fig. 8A). The flagellum can be divided in three distinct portions: midpiece, principal piece, and end piece.




      The initial portion of the flagellum corresponds to the midpiece. The midpiece is composed of the axial filament, which is surrounded by the nine outer dense fibers, and the mitochondrial sheath surrounds both. This sheath can be slightly shorter, containing approximately 30 to 40 mitochondrial gyres in some species [2, 12, 19-21], or longer, containing up to 160 in others [30]. In cross-section, the outer dense fibers show bilateral symmetry and a horseshoe fashion arrangement: fibers 3 and 8 remain aligned with the central fibrils of the axial filament complex, forming the dorsoventral axis (X-Y). This asymmetrically separates the complex, leaving one side with three fibers (1, 2, and 9) and the other with four (4, 5, 6, and 7). An annulus is found caudal to the last mitochondrial gyre. Immediately caudal to the annulus, the tail diameter lessens abruptly and gives rise to the principal piece (Fig. 8A).




      The principal piece is longer than the middle piece. In the upper region of the principal piece, projections from the fibrous sheath extend into the position of the outer dense fibers 3 and 8, forming the longitudinal column that supports the helical fibers of the fibrous sheath (Fig. 8A). In addition, the end piece has only the axial filament enclosed by the plasma membrane (Fig. 8A).




      Although the majority of bat species has this typical pattern, some species-specific variations are observed. In some species, at the apical edge of the nucleus, the inner acrosomal membrane extends to the anterior region, to the middle of the acrosome, forming the perforatorium, which has a spear- or trident-like shape (Fig. 8B). The perforatorium is absent or poorly developed in the Vespertilionidae [19, 21, 25, 31, 37-39], little developed in the Rhinolophidae [24, 40], and well developed in the Molossidae [2, 41] and Phyllostomidae families [12, 20].




      The morphology of the outer dense fibers present two different patterns: one with the outer dense fibers 1, 5, 6, and 9 larger than the others (Fig. 8C) and the other pattern with only 1, 5, and 6 being larger (Fig. 8B). The first pattern includes species of the families Pteropodidae [30], Rhinolophidae [24, 40, 42], Miniopteridae [42], Vespertilionidae [19, 21, 25, 31, 37], and some species of Phyllostomidae [20]. The second includes the Neotropical species Molossus molossus (Molossidae) [2] and Platyrrhinus lineatus (Phyllostomidae) [12].




      Unusual characters in the spermatozoon head are also typical in some species of bats, such as the extraordinarily large, flat, and eccentrically inserted head with accordion-like folds of the Noctilionidae [10] and the many wavy acrosomal projections of the Molossidae family [2, 41].


    




    

      ULTRASTRUCTURE OF THE SUPPORTING CELLS OF BATS




      As in other mammals, the spermatogenesis process is assisted/regulated by two types of somatic cells: Sertoli and Leydig cells.




      

        Sertoli Cells




        The epithelium of the seminiferous tubules is mainly composed of the cytoplasm of Sertoli cells, which are associated with the basal lamina (Fig. 10A) and exhibit extensive cytoplasmic processes that envelope all associated germ cells (Fig. 10B) and proceed into the lumen. This cell type presents two different regions: basal and apical.




        The basal region corresponds to the lowest part of the epithelium, which is closely associated with the basal lamina. The nucleus, which is large and irregularly shaped, is localized in this region. It presents a highly euchromatic and homogeneous nucleoplasm and a prominent nucleolus. The basal cytoplasm exhibits a high concentration of subcellular structures, including the endoplasmic reticulum, Golgi complex, mitochondria, and ribosomes (Fig. 10A).




        The apical region presents large compacted masses of smooth endoplasmic reticulum and, together with mitochondria, surrounds the differentiating spermatids and spermatocytes (Fig. 10B).
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Fig. (10))


        Electron micrographs of the auxiliary cells of the bat Molossus molossus. A–B. Sertoli cells. C-D. Leydig cells. A. The basal region of a Sertoli cell. Note the large, irregularly elongated shaped nucleus with large infoldings and a prominent nucleolus as well as the perinuclear cytoplasm, which contains many mitochondrial clusters. B. The apical region of a Sertoli cell. Note the high concentration of subcellular structures, including endoplasmic reticulum and mitochondria. C. Note the large nuclei of the Leydig cell, with a greater portion of granular euchromatin and the single and large nucleolus, and the large amount of endoplasmic reticulum, mitochondria, and lipid droplets. D. Cytoplasm of Leydig cells. Note the large amount of endoplasmic reticulum, predominantly in smooth form, mitochondria, and lipid droplets. (BL, basal lamina; ER, endoplasmic reticulum; I, spermatocytes; L, lipid droplets; M, mitochondria; My, myoid cell; N, nucleus; No, nucleolus; Sp, spermatid).
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