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This article contains the description of the period which follows the period after the spawning, the transi-
tional period or period of regeneration, which is characterised by the presence of spermatogonial generation
for the following anual reproductive cycle. In this period of Salmonidae there is regeneration of the sper-
matogenetic process. The further multiplication of the spermatogonia is more intensive and is shown by
numerous mitosis of spermatogonia. The seminiferous lobules are completely filled with two generations of
spermatogonia, larger spermatogonia of A type and smaller spermatogonia of B type.
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Introduction

There are many data in literatute which refer to the changes that occurred in the testes in
different species of Teleostei during the annual reproductive cycle. These changes are
related to the histological and functional characteristics of the testes of Teleostei. The
studies which concern the germinative generation of the testes has a dominant place in the
previous investigations which treat the annual reproductive cycle at different species of
Teleostei, seasonal changes which occured during the year [11,12]. As to the Salmonidae
in literature there are data about the annual reproductive cycle in natural and in experimental
conditions [9,1,2,7,8,4]. There are few data in the literature about the testes of Salmonidae
from Ohrid lake in the period of regeneration [15,16]. Some authors think that the new
spermatogonial generation originate from spermatogonia which are in latent condition
before the spawning (“resting spermatogonia”) [14, 17, 3, 18, 19, 20]. In experimental
conditions the spermatogonial proliferation in the trout was analysed by L o i r [8]. In
Oryzias latipes a more contemporary analysis and classification concerning different
generations ofthe germinal cellswas givenbyHamaguchi [flandKanamori
etal. [6] and in Anguillajaponica by Sak se na etal. [13].
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Material and Methods

Testes of sexualy mature Salmonidae males caught in Ohrid Lake were analysed by means
of light and electron microscopy. For the light microscopy small parts of testes have been
taken immediately after the decapitation of the alive samples then fixed in Bouin fixative
and 4% neutral formaline and embedded in parafin. The section are 5 pm thin stained by
Hemalaun-Eozin method. The microphotographs for light microscopy have been taken
with Wetzlar Ortholux microscope, camera Ortxomat. Small parts of testes 1-2 mm in size
have been used for electronic microscopy. For the ultrastructural analysis, ultrathin sections
of 40-60 m thickness have been used and later contrasted with uranil acetate and lead
cytrate. The sections have been observed on Tesla BS 500 and OPTON (Zeis) EM 109
electronic microscope.

Results

In Salmonidae during the period of regeneration the spermatogonial generation is
characteristic for the following annual reproductive cycle. In this period of Salmonidae
there is a regeneration of the spermatogenetic tissue. Namely, the further multiplication of
the spermatogonia, the new spermatogonial wave is more intensive and is shown by numerous
mitosis of spermatogonia (Fig. 1). The seminiferous lobules are completely filled with
different generations of spermatogonia. Some ofthem are larger in size with bright cytoplasm,
visible cell borders, a well seen euchromatic nucleus, with emphasised counours, bigger
diameter, periferally located chromatin and nucleolus with central position. These cells

Fig. 1. A part of testis of Salmonidae in the period of
regeneration. Presence of different generations of
spermatogonia of A and B type (thick black arrows).
Presence of spermatogonia in degeneration with py-
cnotic nuclei (thin black arrows) Accompanying pre-
cursor Sertoli cells in contact with the spermatogo-
nia (thin black arrow). Visible lumen (L) of the sem-
iniferous lobules. Interstitium (I) with blood vessels.
Hemalaun-Eozin, x45
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Fig. 2. A part oftestis of Salmonidae in the period of
regeneration. Presence of different generations of
spermatogonia of A and B type (thick black arrows).
Some spermatogonia of A type with two nuclei (small
black arrows). Noticible mitosis of spermatogonia
(pointed black arrows). Presence of spermatogonia in
degeneration with pycnotic nuclei (thin black arrow).
Accompanying precursor Sertoli cells in contact with
the spermatogonia (thin black arrow). Visible lumen
(L) of the seminiferous lobules. Interstitium (1) with
blood vessels. Hemalaun-Eozin, x45



Fig. 3. A part of spermatogonium of A type (SpA) Fig. 4. A part of two neighboring spermatogonia

with clearly seen nucleus (N), nucleolus (Nu) and “nu- connected among themselves with intercellular bridg-

ages” particles with perinuclear location (arrows). Ul- es (ICM) (black arrows). A part of nucleus (N) with

trathin section, x12 000 prominent nuclear pores (small black arrows). In the
cytoplasm mitochondria (M), some of them in the
course of division (big black arrow). Ultrathin sec-
tion, x12 000

are spermatogonia of A type. (Figs. 1,2). In some spermatogonia of A type two nucleoli
may be noticed, which shows that these spermatogonia are preparing for division (Fig. 1).
In the cytoplasm of some spermatogonia of A type we have noticed presence of thick
particles, complex of mitochondria (“nuages”) with perinuclear location that represent a
characteristic material for the germinative cells (Fig. 3). It was seen at ultrastructural level
that spermatogonia which are organised in cysts are interconnected by intercellular bridges
(Fig. 4). The prominent pores of the nuclear membrane was noticed and mitochondria in
process of division can be found (Fig. 4). Except these spermatogonia of A type,
spermatoginia of B type also are observed and they have smaller dimensions (Figs. 1, 2)
compared to the spermatogonia oftype A. They have smaller diameter of the nucleus and
presence of more heterogenous chromatin. In the course of this period the number of
spermatogonia of B type progressively increases (Figs. 1,2). The population of spermatogonia
of B type are the most sensitive stage and they are responsible for initiation of the
spermatogenesis for the next year, initiating rapid begining of maturation ofthe germinal
cells.These young cells possess darker cytoplasm (Figs. 6, 7) in which ribosomes and
polyribosomes can be noticed (Fig. 7) which points to an intensive synthesis of proteins,
which is a characteristic of the young cells which grow up. These cells have a clearly seen
nucleus with prominent nucleolus (Figs. 6, 7). In the cytoplasm of some spermatogonia
“anulate lamele” can be noticed (Fig. 6) and mitochondria with lamelar crusts (Fig. 7)
which are in the phase of formation. The spermatogonia of type B are connected among
themselves and with the neighbouring Sertoli cells with desmosomes (Fig. 8). In the cytoplasm
of these cells also a “nuages” particles can be noticed.. It is noticed that spermatogonia
which are organised in cysts at ultrastructural level are connected among themselves with
desmosomes. During the period of regeneration of Salmonidae, spermatogonia in
degeneration can be observed, that is manifested by hyperchromatic characteristic of the
nuclei or karyopyknosis has already occurred with them (Figs. 1,2). Accompanying precursor
Sertoli cells may be observed in contact with the spermatogonia of A and B type (Figs. 1,
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Fig. 5. A part of nucleus and cytoplasm of two Fig. 6. A part of spermatogonium (Sp) with nucleus
young spermatogonia with mitochondria (arrows) (N) and prominent nucleolus (Nu). In the cytoplasm
and “anulate lamele” (small arrows). Ultrathin sec- presence of ribosomes and polyribosomes (small ar-

tion, xI12 000 rows), mitochondrium with lamelar crusts in the phase
of formation (big arrow). Ultrathin section
x20 000

2). These precursor Sertoli cells possess a hucleus with triangle or oval shape and a visible
nucleolus. In the central part of the seminiferous lobules there is a visible lumen (Figs. 1,
2). The interlobular interstitium of Salmonidae in the period of regeneration is considerably
reduced in comparison with the one of the period after the spawning. Although reduced, it

Fig. 7. A part of one Sertoli cell (SK) and one sper- Fig. 8. A part of two spermatogonia (Sp) connected
matogonium (Sp) connected among themselves with with desmosomes (arrows). Clearly seen nuclei (N).
three desmosomes (small black arrows). In the cyto- Ultrathin section, x30 000

plasm (C) of the spermatogonium presence of “nu-

ages” particles (big white arrow). Ultrathin section,

xI12 000
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is characterised by a rich vascularisation in this period (Figs. 1, 2). In Salmonidae in the
period of regeneration tunica albuginea, similary to the interstitium, is considerably reduced
in comparison with the one ofthe period after the spawning.

Discussion

The new spermatogonial generation in Salmonidae which appears in the period after the
spawning becomes more representative. The presence of nondiferentiated accompanying
precursor Sertoli cells also can be observed [15,16, 17]. In our preliminary investigations
the period of regeneration in Dojran perch (Perea fluviatilis macedonica K a r.) [14],
Ohrid trout (Salmo letnica K ar.) [16] and Ohrid belvica (Acantholingua ohridana) [15]
was analysed. As to the family of trout (Salmonidae) in literature there are data about
annual reproductive cycle in natural [9,1,2, 7,10,4] as well as in experimental conditions
[8]. There are many data in the literature about new spermatogonial generation which has
been initiated in the period after the spawning. Reproductive cycle with different species of
Teleostei was studied byPatzner and Seiwald [11]. Our results concerning
ultrastructure of the new spermatogonia of Ohrid belvica (Acantholingua ohridana)
correspond to the findings of other authors, as well as our previos results on the same or
other teleost species [17]. The ultrastructural characteristics of the spermatogonia in the
trout was described by L o i r [8]. Our investigations of the spermatogonia in Ohrid trout
(Salmo letnica K ar.) showed active mitotic divisions of spermatogonia of type B, especially
in the period of regeneration. In Cyprinus carpio L. an intensive mitosis of spermatogonia
of type B was noticed by Billard etal [1]. In the cytoplasm of salmonid fish from
Ohrid Lake presence of “nuages” particles with perinuclear location were noticed, which
is characteristic material for the germinal cells. The structure of “nuages” particles during
the differentiation of spermatogonia in Oryzias latipes was investigated by Hamaguchi
[5]. Also, these particles with the spermatogonia of Dojran perch (Perea fluviatilis
macedonica K a r.) were noted by Tavciovska-\Vasileva [14]. In Ohrid trout
(Salmo letnica K a r.) “nuages” particles were observed by Tavciovska-
\Vasileva [17]. Asto the spermatogonial proliferation which occurred in later phase
ofthe spermatogenesis there are many data in the literature [11,12]. In Ohrid trout (Salmo
letnica K. a r.) the new spermatogonial generation which appears in the period after the
spawning becomes more representative. It initiates the following reproductive cycle and
originates from rare single spermatogonia. We can see cysts located in the wall of the
seminiferous lobules which until the spawning remain in latent condition. Their intensive
multiplication starts immediately after the spawning and as a result their number progressively
increases, especially in the period of regeneration. In the previous investigations there is
different interpretation of the new spermatogonial generation, in different species of
Teleostei. Some authors think that new spermatogonial generation of Teleostei originates
from spermatogonia which are in latent condition before the spawning (“resting
spermatogonia”) [14, 17, 3, 18,19, 20]. As to the source of the primordial germinal cells,
at Teleostei, one hypothesis was suggested [12] — there is a reserve of latent, primordial
germinal cells in the wall of the lobules during the year. During every annual cycle they
underwent mitosis, but only one part enters the spermatogonial cycle. The other cells serve
as a source ofgerminal cells for the following spermatogenesis. In some species of Teleostei,
the spermiation is followed by presence of spermatogonia which are latent type ofgerminal
cells. In other species the spermatogenetic activity occurred, but it has been stopped on a
level oftype A or B spermatogonia. The spermatogonia type A are the most stable stage in
which the development of germinal cells has been stopped, while the spermatogonia type
B are the most sensitive stage and they are responsible for initiation ofthe spermatogenesis
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for the next year, initiating rapid procees of maturation. During this period the number of
B spermatogonia progressively increases. The spermatogonial proliferation in the trout in
experimental conditions was analysed by L o i r [8]. There are significant differences in
the interpretation which concern the spermatogonial proliferation in different species of
Teleostei. As to the new spermatogonial generation in the period after the spawning with
Ohrid trout {Salmo letnica K a r.) different generations of spermatogonia have been noted,
larger in size spermatogonia of A type and smaller spermatogonia of type B. More
contemporary analysis and classification ofdifferent generations of spermatogonia in Oryzias
latipes was suggestedbyHamaguchi [flandKanamori etal [6];inAnguilla
japonicabySaksena etal [13]. Also, in the testes of Dojran perch {Pereafluviatilis
macedonica K a r.) presence of different generations of spermatogonia (A and B type) was
noted byTavciovska-Vasileva [14]. In Ohrid trout {Salmo letnica K a r.)
the presence of nondifferentiated Sertoli cells has been seen [16, 17, 18].

Conclusions

1. In the period of regeneration in Salmonidae the seminiferous lobules are comletely
filled with diferent generations of spermatogonia, larger in size spermatogonia of A type
and smaller spermatogonia of B type.

2. The further multiplication of the spermatogonia, the new spermatogonial wave is
more intensive in this period, manifested by numerous mitosis, especially in spermatogonia
oftype B. They are the most sensitive stage that is responsible for initiation of spermatogenesis
for the next year, initiating rapid process of maturation.

3. In the cytoplasm of some spermatogonia of type A and B “nuagess” particles with
perinuclear location can be noticed.

4. In the cytoplasm of the spermatogonia, besides nucleus with prominent pores of
the nuclear membrane, a lot of ribosomes, polyribosomes and mitochondria (some of
them in the course of division) can be noticed.

5. The spermatogonia oftype B (organised in cysts) are connected among themselves
and with the neighbouring Setoli cells with desmosomes and intercellular bridges.

References

1. Billard, R. Reproduction in rainbow trout-Sex diferentiation, dynamics of gametogenesis, biology
and preservation of gametes. — Aquaculture, 100, 1992, No 1-3, 263-298.

2Crim,L.W,D.M.Evans,B. H. Vickery. Manipulation of the seasonal reproductive cycle of
the landlocked Atlantic salmon, Salmo salar by LHRH analogs administered at various stages of
gonadal development. — Can. J. Fish. Aqgat. Sci., 40, 1983, No 1, 61-67

3.Dimovska, A, I. Tavciovska-\Vasileva. Citoloski alteracii na spermatogonijalnata
populacija na Ohridskata belvica (Salmothymus ochridanus St e i n d.) vo postmrestitelniot period.
— In: 2nd Kongres na biolozite na Makedonija. 1998, Ohrid, Republika Makedonija.

4. Gomez,J M, M. Loir.ELeGac. Growth hormone receptors in testis and liver during
the spermatogenetic cycle in rainbow trout (Oncorhynchus mykiss). — Biol. Reprod., 58, 1998, No 2,
483-491.

5. Hamaguchi,S. The structure of the germinal dense bodies (nuages) during differentiation of the
male germ line of the Teleost, Oryzias latipes. — Cell Tiss. Res., 248, 1987, 375-380.

6. Kanamori.A., J. Nagahama,N. Egami. Development of the tissue architecture in the
gonads of the medaka, Oryzias latipes. — Zool. Sci., 2, 1985, 695-706.

7.LeGac, E, M.Loi r. Control of testis function in fish: In vitro studies og gonadotropic regulation in
the trout (Salmo gairdneri). — Reprod. Natr. Dev., 28, 1988, No 4B, 1031-1046.

8. Loir, M. In vitro approach to the control of spermatogonia proliferation in the trout. — Mol. Cell.
Endocrinol., 102, 1994, No 1-2, 141-150.

34



o

10.
11.

12.
. Saksena.D. N, T. Miura, J. Jiang, Y. Nagahama.A rapid activation of immature

14.

15.

16.
17.

18.

19.

20.

.Murza,J. G. Spermatogenesis and sexual cycle of Atlantic salmon, Salmo salar. - Sbornik Nauch.

Trud. Gos. Nauchno-lIssled. Inst. Ozeren. Rechu. Rybu. Khozyaist., 200, 1983, 78-106.

Nakamura, M., ETsuchiya.M. Iwahash i, Y. Nahahama. Reproductive charac-
teristics of precociously mature triploid male masu salmon, Oncorhynchus masou. — Zool. Sci., 10,
1993, No 1, 117-125.

Patzner.R. A, M. Seiwald. Reproduction of Blenius pavo (Teleostei, Blenniidae) VI. Testi-
cular Cycle. — Zool. Anz., 219, 1987, No5/6, 265-273.

Russell,L.D, M. D.Griswold.The Sertoli Cell. Clearwater FL, Cache River Press, 1993.

testis of Japanese Eel (Anguilla iaponica) by a single injection of human chorionic-gonadotropin. — J.
Biosci., 20, 1995, No 5, 675-689.

Tavciovska-\Vasileva.l. Histoloska struktura na semenikot na Dojranskata perkija (Perea
fluviatilis macedonica Kar.) vo periodot po mrestenjeto (Magisterski trud). Skopje, Republika Make-
donija, 1992.

Tavciovska-\Vaileva,l. Cytomorphological analysis of testes of Ohrid belvica (Acantholin-
gua ohridana) in the period of regeneration. — God. zb., Biol.-Prir.-mat. fak. Univ. “Sv. Kiril i
Metodij” Skopje, 53-54, 2000/01, 88-93.

Tavciovska-\Vasileva.l. Histological aspect of testes of Ohrid trout (Salmo letnica Kar.) in
the period of regeneration. — Veterinary Medicine, 7, 2001, No 3-4, 93-96.

Tavciovska-\Vasileva.l. Ultrastructure of the new spermatogonia of Ohrid trout (Salmo
letnica Kar.) in the postspawning period. — Acta morphol. et antropol., 8, 2003, 52-56.

Tavciovska-Vasileva.l., K. Rebok. Genesis and classification of the new spermatogo-
nial population of Ohrid trout — Salmo letnica (Karaman) in the period after the spawning. Procee-
dings of 8 Symposium on Animal Reproduction. 2005, Ohrid, Republic of Macedonia.

Tavciovska-Vasileva.l., K. Rebok. Origin and classification of the new spermatogonia
of Ohrid belvica (Acantholingua ohridana) in the period after the spawning. — In: Proceedings of
Conference of Water Observation and Information Sistem for Decision Support (BALWOIS). 2006,
1-8.

Tavciovska-Vasileva, |, K. Rebok. Ultrastructural characteristic of the new sper-
matoginia of Ohrid belvica (Acantholingua ohridana) in the period after the spawning. — In: 1|
Symposium for protection of natural lakes in Republic of Macedonia. 2007, Ohrid, Republic of
Macedonia.

35



