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Abstract

By means of light and electron microscopy the dynamics of structural and functional changes of pubertal bobacs
testicles during seasonal fluctuations of its reproductive activity (from the beginning of April to August) were investigated, It
was revealed that only a half of males number took part in the reproduction.A phenomenon of the activization of testicles
germinative and endocrine structures before hibernation was demonstrated. The activization of androgen-producing
structures (Leydig’ cells) in testicles precedes the spermatogenesis activisation in convoluted seminiferous tubules. The
biological significance of this phenomenon is the preparation of males reproductive organs to mating process which begins
after winter hibernation, before the marmots appear from burrows.
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Pezrome

C ucnonvsosanuem memoooe c6emoBoil u 3NEKMPOHHOU MUKPOCKONUU UCCREO08AHA OUHAMUKA CMPYKMYPHbIX U
PYHKYUOHOABHBIX UIMEHEHUTI CEMEHHUKOG NONDBOIPENbIX CYDPKOE 6 npOYecce Ce30HHGIX USMEHEHUN ux Penpodykmugnoti
akmuerocty (¢ Havana anpens no aszycm). O6napydiceno, umo @ ce30n HABNIOOeKUT MONLKO NONOBURA CAMYOE npunumana
yuacmue 6 pasmMHodICeHuu. Buisisnen genomen axmususayut SHOOKDUHHBIX U 2EDMUNAMUGHBIX CIMPYKIMYD CEMENHUKOE nepeo
Hauanom zubeprayuu. Senenue akmueusayuu AHOPOZENNPOOYYUPYIOWUX CIMPYKIMYD & CEMEHHUKAX (KIemoK Jleiiduza)
npeduecmayem AKMUGUIAYUY CREPMAMOZEHe3A 8 U3GUMBIX CeMennulx Kanambyax. Buonozuueckoe snwavenue smoco
(penomena saxnicuaemes 6 noGZOMoBKE PenPoOYKMUGHLIX OP2AHOE CAMYOE K CHAPUGARWIO, KOMOpOoe Y CYDKOG HauuHnaemcs
cpasy hocie 3GeepuLenUst 3UMHETL CNAYKY, 00 8b1X00a HCUBOMHBIX HA HOGEPXHOCD.

Knroueeste cnosa: cypox-baibax, cemennuxy, uzeumple cemennvie Kanaroybl, kiemicu Jletiouza,

Résumé

Les modifications structurelfes et fonctionnelles des testicules de marmottes bobacs aduites au cours des saisons
(débur avril-Aodt) a été étudié en microscopie photonique et électronique. La moitié seulement des méles adultes
prennent part d 1a reproduction. L’activation des structures endocrines et germinatives des testicules précédent
I'hibernation. L’activation des structures productrices d’androgénes (cellules de Leydig} des testicules précéde I
spermatogenéses dans les tubes séminiféres. L’importance biologique de ce phénoméne est de préparer les organes
reproducteurs des méles au processus d’accouplement qui débute & la fin de [’hibernation, mais avant que les
marmottes n’émergent de leurs terriers.
Mots-clés : Marmota bobak, tubes séminiféres, cellules de Leydig.
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Terrestrial rodents from the squirrel family are an unique model for histophysiological investigations of
seasonal changes in the reproductive system. The unique features are in the fixed rhythm of the reproductive
processes and in the following deep suppression of the germinative structures. In addition, we need to point out
that some aspects of marmot reproduction remains controversial (Bibikov 1989, Mashkin 1996, Rymalov 1996,
Rudi 1995, Spivakova 1988, Shevljuk 1995).

Thus, a comparative morphofunctional investigation of the testes of Marmota bobak during seasonal
changes in reproductive activity was the aim of this work. Testes of 66 marmots ranging in age from two to
seven years were the object of our investigation. Bobacs were from populations inhabiting the ecologically
favorable regions of the Orenburg province. Material was taken during the period of Spring-Summer activity
(Table 1). We used histological, histochemical, and morphometrical methods and electron microscopy.

Table 1.

Morphometric indices of body and testicular mass of M. bobak Mull.
during spring-summer seasons. All values are means + SE.

Time of capture and Number of | Mean mass of | Mean mass Diameter of seminal
breeding animals animals (kg) | of testes (g) | convoluted tubules (mkm)

Early April (breeding) 6 4.6810.37 3.41+£0.25 154.745.3
Early April (nonbreeding) 6 3.71+0.30* 1.13+0.15* 73.216.9*
May (reproductive pause) 9 4.85+0.35 1.65+0.26* 60.2+5.4*
June (reproductive pause) 7 5.98+0.47* 1.27+0.18 58.0+2.8

July (reproductive pause) 20 6.14+0.39 1.77+0.21* 91.6+3.2*
August (reproductive pause) 18 6.75+0.32 2.41+0.27* 106.4+7.7*

* Differences between stages are significant at p < 0.05.

Morphometry included light-optical preparations and electronogram investigations. In the light-optical
cuts, the percent correlation between the area of interstitial tissue and seminal convoluted tubules; linear and
volumetric indices of the endocrinocytes, enumeration of endocrinoctyes and their nuclei and nucleoles; and the
nucleus/cytoplasm ratio were determined. From precise cross-cuts diameters of the seminal convoluted tubules
were measured.

From electronograms quantative indices of cytoplasmatic structures such as the comparative area of the
smooth endoplasmatic reticulum (SER), mitochondria and lipid drops, their linear dimensions and their amount
in the unit of electroncgram area were measured. The results were analyzed by statistic computer programs.

Our investigation revealed large differences between the morphofunctional condition of the testes in
marmots, which were caught in early April (when this animal first emerges above ground after hibernation).
None of them had a peak of spermatogenesis activation. Based on the morphology of the gonads, 12 mature
bobacs were divided into two groups. The first one contained six animals whose testes had a minimal area of
interstitial tissue (Table 2). The average diameter of the seminal convoluted tubules was 154.7+5.3 mkm; it does
not differ from the index at the mating period. Besides, existed some significants at the beginning of the
extinction of spermatogenesis.

Interstitial endocrinocytes were active and cells with developed cytoplasm and large nuclei prevailed in
the cell population (volume of nuclei was large and ranged from 102.5+6.1 mkm’ to 198.448.6 mkm®). Most
large endocrinocytes were around the tubules, where either meioses or cessation of spermatogenesis was
observed.

The second group of animals had a low mass of gonads (Table 1), with spermatogenesis commonly
absent. Comparative area of interstitial tissue was significantly increased, but the diameter of the seminal
convoluted tubules was approximately two times less than that of the first group (Tables 1, 2). Meioses were
extremely rare. But morphometric analysis of the interstitial endocrinocytes did not reveal any difference
between the groups. Finding large and hypertrophic Leydig cells around the tubules with a minimal diameter
was especially paradoxical.

The evidence indicates that not all of the 12 marmots were in breeding condition at the time of capture in
early April. It reconfirms the theory that mating of the marmots occurs in the burrows before emergence.
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Table 2.
Morphometric indices of interstitial tissue of testes of M. bobak Mill.
during spring-summer seasons. All values are means + SE.

., Number | Interstitial Count of Nuclei volume of the Count of mature,

Time of capture and of tissue area | endocrinocytes interstital functionally active
breeding animals in % at the unit area | endocrinocytes, mkm® | endocrinocytes in %

Early April (breeding) 6 19.642.8 9.3:0.3 137.816.5 64.2+2.9
Early April . . . .
(nonbreeding) 6 46.515.7 11.2+0.5 824179 50.3+4.1
May (reproductive
pause) 9 67.6+3.6" 8.9+0.5* 48.4+3.2* 40.9 +.6”
June (reproductive
pause) 7 49.912 4* 7.1£0.3* 61.6+4.2" 55.8+2.9*
July (reproductive
pause) 2 41.4+2.3 14.0£0.5* 61.6+£2.5 56.0+3.8
August (reproductive
pause) 18 41.4+3.3 8.410.5* 98.3+4.5" 56.012.6

* Differences between stages are signficant at p < 0.05.

Another interesting significant characteristic of interstitial tissue of the mermot testes is the low content of
connective tissue stromal components, which was observed in both the reproductive condition and the
reproductive pause.

Why does the interstitial endocrinocytes have such high secretory activity under the different conditions
of the tubules ? Maybe it is important for another regulatory pathway in the marmot organism.

The population of endocrinocytes of marmot testes is characterized by heteromorphology and it contains
roundish, oval, fusiform, and polygonal cells. Nuclei were more often oval or roundish. The maximal count of
Leydig cells was in early April (Table 2). During reproductive pause, the number of the endocrinocytes is
reduced with the lowest value in May-June (Table 2). In the June-July period the index was increased due to
differentiation of endocrinocytes from precursors. Interstitial area was increased from late April-June, but in
July-August it decreased.

Agranular (smooth) endoplasmatic reticulum, the main structure in steroid synthesis, is repesented by the
vesicular structures distributed among the cytoplasmic area. The degree of its development changed minimally
during the Spring-Summer seasons. Most development of the smooth endoplasmatic reticulum coincides with
maximal cell dimensions. The testicular endocrinocytes often contain electronic dense lipid drops, which are
larger then the same structures in gophers. Around most all Leydig cells is a delicate moderately osmiophyllic
structure, the basal membrane.

A high quantity of pigment inclusions in the cytoplasm is one of the typical peculiarities of the Leydig
cells of the marmot testes. The amount of pigment varies within wide limits. Sometimes the level of pigment
inclusions is so high that the color of the testes varies from olive to brown. Another item of significance is the
extensive presence of argentaffine cells.

From our data, before immergence into hibernation, due to morphofunctional reconstructions, the mass of
the testes increased about three times. The area of interstitial tissue is reduced following the increase in the area
of the convoluted tubules. In May-June, the area of the convoluted tubules varied from 15.1+2.3% to 30.8+
3.6%, and with the beginning of hibernation, the area becomes about half of the cuts area. The increase is
associated with a sharp increase in tubular diameter from 58.0£2.8 mkm in June to 106.4+4.4 mkm in early
August. With the activation of spermatogenesis, spermatogenic epithelium becomes polylayering. However,
mature spermatozoa are not found, which means that spermatogenesis does not occur until the
spermatocytogenesis stage and spermiogenesis occurs later, before the reproductive season.

The dimensions of the endocrinocytes and their nuclei in the hibernation period sharply increase from a
nuclear volume of 31.2+2.1 mkm® in June to 98.3+3.7 mkm” in early August (same as the April indices).

In July-August, mature and functionally active cells prevailed in the endocrinocyte population. They had
developing cytoplasm and large nuclei with a rich abundance of the euchromatin structures. Most of the
cytoplasm was occupied by the smooth endoplasmatic reticulum; also there were many mitochondria and lipid
inclusions. Activating changes in Leydig cells are earlier and more striking than activation of spermatogenesis.

According to the data of other authors (Novales et al. 1978), the "hibernating gland" of the forest marmots
contains much androgen hormone during hibernation. The phenomenon is unique, because usually androgens are
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