Journal of Animal and Feed Sciences, 9. 2000, 709 - 719

Seasonal variations in the morphometric analysis of
the testis, testosterone production, and occurrence
of pathological spermatozoa in the brown hare
(Lepus europaeus)

P. Massanyi', J. Slamecka®, N. Lukaé® and R. Jurdik?

‘Stovak University of Agricufture,
Department of Physiology and Anatomy of Farm Animals
T A. Alinku 2, 949 76 Nitra, Slovak Republic
‘Research Instinite of Animal Production, Department of Wild Aninial Science
Hlohovska 2, 949 92 Nitra, Slovak Republic
i8lovak University of Agriculture,
Department of Reproduction and Disease Prevention
Hospoddrska 7. 949 01 Nitra. Siovak Republic

{Reccived 21 February 2000; accepted 4 October 2000}

ABSTRACT

Seasonal variations in the moerphometric analysis of the testis, variations in testosterone produc-
tion. and occurrence of patholegical spermatozoa in the brown hare (Lepuy europaens) were studied.

In evaluating the relative volume of germinal cpithelium, interstitium and lumen in hare testis we
found the highest relative volume of germinal epithelium in the winter {84.14%%). The lowest level
was found in the sunumer, but the highest relative volumes of interstitium {1 2.47%) and lumen (18.11%)
were in the summer. The germinal epithelium achieved a maximum height in the winter (35.47 um).
when the diameter of the seminiferous tubules was also at a maximum (320.75 pm). These data are
supported by analysis of testosterone production. which shows that the highest concentration of
testosterone in bloed was found in the winter (5.72 ng/ml), the lowest in the summer (0.87 ng/ml).
This difference was significant (P<0L01),

Analysis of pathological spermatozoa showed that their occurrence ranged from 11.50 10 24.17%,
with the highest value in the spring. As the spermatozoa were collected from the epididymis. the most
frequently found pathological form was spermatozoa with retention of the cytoplasmic drop.
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INTRODUCTION

The European or Brown hare (Lepus enropaeus Pallas 1778) 1s a large animal,
averaging 3.8 kg (3-5 kg} in weight, of relatively uniform appearance. The fur is
long and curled on the back, with a tawny or rusty colour over the chest and sides,
darker above, white below. The tail is large and conspicuous, black on top and
white underncath. The tips of the cars have a large triangular black patch on the
back contrasting with the paler grey of the rest of the ear. In winter there 15 some
white on the sides of the head and base of the ears, and grey on the haunches
(Chapman and Flux, 1990).

Great attention ts being paid to applicd research on the brown hare, which was
once the most plentiful game in Slovakia (Hell and Slamecka, 1999), in connce-
tion with the critical decline of the population during the last ten years. However.,
attention should be paid to fundamental rescarch as well, because it can help solve
this problem 1n practical terms.

The literature contains very little data about thc morphometry. structure and
secretory activity of sexual organs in the hare. The uterine enlargement (Calliol ct
al., 1989a}, mcreasced progesterone (Calliol and Martincet, 1976; Cailiol ctal., 1991)
and estradiol (Caillol et al., 1989a, 1991; Semizorova ct al., 1990) levels in the
blood of females have been reported. In males, growth of testicles and increased
blood testostetone levels (Calliol et al., 1989b) during the reproductive cycle have
been described.

The purposc of this study was to analyse the variations in the migroscopic struc-
turc of the testis, occurrence of pathological spermatozoa and to determine testo-
sterone production in the brown hare (Lepus europaeus) in relation to the season.

MATERIAL AND METHODS

The samples were collected as described by Massanyi ct al. (2000). In a one-
year period, 37 males were analysed. In the spring we collected samples in March.
April and May (9 animals), in the summer in June, July and August (9 animals), in
autumn in Scptember, October and November (9 animals), and in winter in De-
cember, January and February (10 animals).

The procedure of preparing testis samples was described in a previous paper
(Massanyi et al,, 2000). From microphotographs (Docuval, Carl Zeiss Jena)
based on micromorphological criteria (Weibel et al,, 1966; Vrzgulova ctal., 1979;
Toman and Massanyi. 1997} the quantitative valucs of testicular structure were
evaluated in each sample.

In testis we analysed the qualitative microscopic structure and the relative vo-
lume (%) of the germinal epithelium, interstitium and lumen. Further, we analysed
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the height of the germinal epithelium and the diameter of seminiferous tubulcs;
both are expressed in pm.

For documentation of ultrastructure by scanning electron microscopy, the tes-
tes samples were washed in PBS and fixed in 1% glutaraldehyde in 0.125 mol
cocodylate buffer (pH 7.3) at an ambicnt temperature for 1 h. Next. the samples
fixed for 12 h at 4°C and postfixed in 1% OsO, for I h m cocodylate bufter (pH
7.3). After dehydratation with ethanol the samples were dried using a critical-
point drymg technique in Freon 13 and were strewed by an aurum layer (Fléchon
ct al., 1986}. The samples were examined using a JEM 100 CX-1I JOEL electron
microscope at 80 kV and photographed.

The level of sexual hormones in blood of hares was assesscd by RIA (radioim-
munoassay) using kits (the Institute for Radioccology and Use of Nuclear Tech-
nique, Kosice. Slovak Republic) according to the manufacturer’s instructions. The
sensitivity of RIA to testosterone was 50 pg/ml, the cross-reaction of the used
antiserum with dihydrotestosterone was 7.2% and with progesteronc. estradiol and
cortisol lower than 0.004 %.

Samples obtained from the head region of the epididymis (the caput epidi-
dymis) were used to assess the occurrence of pathological spermatozoa. A drop of
the epididymidal content was diluted with a drop of physiological saline and then
placed on a slide tilted at a 45% angle. The samples were dricd at 38°C, fixed in
Hancock’s solution and rinscd 1n distilled water. The samples were stained as de-
scribed by Hancock (1957) and viewed under a light microscope at a magnifica-
tion of 500x. In cach scason 4 000 spermatozoa were cvaluated (Gamdéik et al.,
1992: Massdnyi et al.,, 1996). We found the following pathological changes in
spermatozoa: scparated tail (ST), knob twisted tail (KT), retention of cytoplasmic
drop (RD), broken tail (BT}, other forms of pathological spermatozoa (tail ball,
tail torso, club bag tumour, small or large head. teratogenic changes).

To compare these treatment means the anatysis of variance as well as Student’s
t-test and Scheffe’s test were applied (SAS, 1989) and EXCEL (1998),

RESULTS

Testes

The testis of the brown hare (Lepus europacus) is completely enclosed by the
tnica albuginea, which is thickened posteriorly to form the mediastinum of the
1cstis, projecting some way into the body of the testis. Blood and lymphatic ves-
scls, and the channels carrying spermatozoa pass through this arca. Fibrous septa
form the mediastinum divide the body of the testis into lobules, each lobule con-
tains scminiferous tubutes (Figure 1).
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Figure 1. Testicular structure in brown hare in winter period. Seminiferous tubules (T) are filled with
germinal epithelium (G) and in centre is lumen (L). Between the tubules interstitium (S) is present
(H-E, 200x)

A seminiferous tubule is a coiled, unbranching closed loop, both ends of which
open into a system of channels (refe festis) at the posterior hilum of the testis, close
to the mediastinum. Each seminiferous tubule has a central lumen lined by an
actively replicating epithelium - the germinal or seminiferous epithelium, mixed
with a population of supporting cells - the Sertoli cells.

Morphometric analysis of testis in relation to season showed that the highest
relative volume of germinal epithelium is in the winter (84.14%), the lowest in
the summer (Table 1, Figures 1 and 2). On the other hand, the lowest relative
volume of interstitium was found in the winter (5.81%) and the highest in the
summer (12.47%). The relative volume of lumen ranged from 10.06 to 18.11%

TABLE |
The structure of hare testis in relation to season’
Relative volume
Season germinal epithelium interstitium lumen
X 5 X s X 5

Spring 74.53 7.53 11.19 2592 14.28 5.60
Summer 69.31 12.24 12.47 5.69 18.11 9.03
Autumn 74.21 3.80 10.54 2.96 15.25 3.15

Winter 84.14 4.02 5.81 153 10.06 3.50
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during the year. Seasonal differences were not significant. Also the height of the
germinal epithelium reached the highest value in the winter, as did the diameter
of the seminiferous tubules (320.75 pm). There were no significant differences
between the studied seasons , but all morphometric data suggest that the highest
activity of the testis (spermatogenesis) was in the winter and the lowest in the
summer (Tables 1 and 2).

Figure 2. In summer period the activity of testis is decreased. Relative volume of germinal epithelium
(G) is decreased. Higher stages of spermatogenesis are missing. Higher relative volume of lumen (L)
is present (H-E, 200x)

TABLE 2
Analysis of the height of germinal epithelium and diameter of seminiferous tubules in hare in relation
to season

Height of germinal epithelium Diameter of seminiferous tubules
Season nm um
X s X s
Spring 3372 5.87 260.82 125.90
Summer 32.20 3.9 247.89 101.67
Autumn 25.20 4.41 15777 46.99

Winter 35.47 6.58 320.75 141.04
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Testosterone

The morphometric data is very well supported by results of blood testosterone
assays (Figure 4). The highest concentration of testosterone was found in the win-
ter (5.72+1.22 ng/ml), lower values were found in the autumn (4.83+1.02 ng/ml)
and spring (2.52+0.54 ng/ml). The lowest concentration of testosterone was in the
summer (0.87 £ 0.12 ng/ml) and this value was significantly lower in comparison
with the remaining seasons (P<0.01).

Spermatozoa

In the analysis of seasonal occurrence of pathological spermatozoa we
analysed the spermatozoa obtained from the tail of the epididymis. Over the year
we found 11.50-24.17% pathological spermatozoa. The highest percentage was in
the spring. This analysis showed that the most frequent abnormality was retention
of a cytoplasmic drop (8.25-14.50%), which is a typical sign of developing sper-
matozoa (Figure 3). Spermatozoa with separated tail accounted for 1.30-5.80%,
spermatozoa with knob twisted tail, for 1.00-1.90%, spermatozoa with broken
tail, 0.90-1.35%; other forms of pathological spermatozoa reached 1.00-1.60%
(Table 3). No significant differences were found among the seasons.

Figure 3. In testis as well as epididymis spermatozoa with cytoplasmatic drop (D) were often found
(SEM, 5900x)
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Figure 4. Relation of the level of testosterone to the structure of testis. Values of testosterone ng/ml,
the relative volume of germinal epithelium, interstitium and lumen, %

TABLE 3

Seasonal occurrence of pathological spermatozoa in brown hare, %

G The form of pathological spermatozoa Total

ST KT RD BT OF

Spring 5.80 157 14.50 1.20 1.10 24.17
Summer 1.60 1.00 8.25 0.70 1.00 12.55
Autumn 1.30 1.90 6.30 0.90 1.10 11.50
Winter 4,50 1.65 10.20 1.35 1.60 19.30

ST - separated tail, KT - knob twisted tail, RD - retention of cytoplasmatic drop, BT - broken tail,
OF - other forms of pathological spermatozoa

DISCUSSION

Generally there is very little data describing reproduction in the brown hare
and data on microscopic structure is particularly scarce,

In this study, seasonal variations in the morphometric analysis of the testis are
reported. We found the highest relative volume of germinal epithelium, height of
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germinal epithelium, diameter of seminiferous tubules as well as the highest con-
centration of testosterone in the winter, which is a clear sign of high activity of the
brown hare during this season. We also report that the highest relative volume of
the interstitium 1s found in the summer, caused mainly by the proliferation of con-
nective tissue since the activity of endocrine Leydig cells 1s not enhanced. Also,
the smaller lower diameter of seminiferous tubules supports the proliferation of
connective tissue in testicular iterstitium,

It has been reported that European hares start breeding at about the winter sol-
stice in all nine countries where they have been studied except Argentina (Flux,
1965; Amaya ct al., 1979; Slameéka ct al., 1997). These reports are in correspon-
dence with our results.

Many studics describe scasonal variations in the blood paramcters of the brown
hare (Crep and Svicky, 1993; Slameéka et al., 1997) but morphology is not well
studicd. In contrast, the morphological structure of reproductive organs in farm ani-
mals under various conditions is well studied (Vrzgulova ctal., 1979, 1980; Kolodzicy-
skietal., 1991; Kolodzieyski and Danko, 1995; JantoSovi¢ova ct al., 1996).

Analysis of the testes showed that germinal cpithelium forms 69.31-84.14% of
this gland, interstitiumn 5.81-12.47% and lumen 10.06-18.11%. In the fallow deer
the germinal epithelium forms 63.61-76.18%, interstitium 11.47-20.05% and lu-
men 12.35-16.34%, so it can be seen that the fallow decr has a higher amount of
interstitium, but the relative volume of germinal epithelium is in the same range
(Massanyi ct al., 1999). Also in Apodemus sylvaticus and Apodemus flavicollis,
members of wild Muridae, similar data were reported (JanCova et al.. 1999). In 4.
svhvaticus the germinal epithelium forms 67.55 and in A. flavicollis, 76.90%. In
rabbits the germinal epithelium forms 77.75%. interstitium 12.27% and lumen
9.99% (Toman and Massanyi, 1997). In rats, seminiferous epithelium makes up
82.43% and in rams, 70.5% (Mori and Christensen, 1980; Cigankova ct al., 1996,
1998). In ICR mice germinal epithelim forms 89.13+4.24% and interstitium
10.87+4.24% (Massanyi ct al., 2000). These data show that the differences among
these species are not significant.

The diamcter of seminiferous tubules in the brown hare 1s in the range of
157.77-320.75 wmn, These results are similar in comparison with fallow deer
(143.08-228.91 pm), Apedemus sylvaticus and Apodemus flavicollis (140.20 and
142,50 wm), rabbits (118.69 pm) and other species (Toman and Massanyi, 1997,
Jan¢ova ctal., 1999; Massanyi ct al., 1999). Finally, we can conclude that, on the
one hand, there are some insignificant differcnces in the morphometric analysis
of testis among various animal spccices, but on the other hand testicular structure
15 very scnsitive to various conditions such as the season, as reported in this
study, which affects it significantly.

A relatively high percentage of pathelogical spérmatozoa occurring seasonally
was found (11.50-24.17%). The high percentage can be attributed to the fact that
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the spermatozoa were collected from the epididymis, where maturation of sperma-
tozoa occurs. The most frequent registered pathological form of spermatozoa was
spermatozoa with cytoplasmic drop, a typical form found in the epidydimis
(Massanyi, 1992). If we do not take this form nto consideration, the value of
pathological spcrmatozoa will be 4.3-9.67%. These figures are good in compari-
son with rabbits, where the minimum activity after freezing the ¢jaculate has to be
30% (Gaméik et al., 1992},

Generally, it is well known that climate and time of year are the main factors of
scxual activity in wild animals, and these factors control the development of testes
and their functions. This study confirms cvident scasonal variation in the male
reproductive function cvaluated by morphometric analysis in the hare, a wild ani-
mal species.

ACKNOWLEDGEMENTS

The authors express their thank to Mrs. P. Sykorova and Mrs. A. Sobcdkova for
technical assistance and to the former listeners of the Slovak Agriculture Universi-
ty in Nitra, I. Jachimova and M. Palacka for their assistance in labaratory proces-
sing of samples and the statistical processing.

REFERENCES

Amaya IN., Alsina M.G., Brandani A.A. (Editors), 1979, Ecology of the European hare (Lepus
ewopaeus Y 11 Reproduction and Body Weight of a Population near San Carlos de Bariloche,
Argentina. Bcologia y Control de 1a Fauna Silvestre. INTA. Bariloche, pp. 36

Cailiol M., Martinet L., 1976. Preliminary results on plasma progesterone level during preghancy
and supcrfctation in the hare (Lepus europaeus). ]. Reprod. Fertil. 46, 61-64

Caillol M., Martinet L., Lacroix M.C.. 188%a, Rclative roles of estradiol and the uterus in the main-
tenance of the corpus luteum in the pscudopregnant brown hare (Lepus europacus).
I. Reprod. Fertil. 87, 603-612

Caillol M., Meunier M., Mondain-Monval M., 1989b. Seasonal variation in testis size, testosterone
and LH basal levels, and pituitary response to luteinizing hermeone releasing hormone in the
brown hare, Lepus ewropaeus. Can. 1. Zool. 67, 1626-1630

Cuillol M., Mondain-Monval M., Rossano B., 1991. Gonadotrophins and sex steroids during preg-
naney and natural superfoctation in captive brown hares (Lepus enropaeus). 1. Reprod. Fertil.
92, 299-306

Chapman LA, Flux 1.E.C (Editors), 1990. Rabbits, Hares and Pikas. Status Survey and Conscrva-
tion Acticn Plan. JUCN. Gland (Switzerland), pp. 168

Cigankova V., Ciganek 1., Tomajkova E., 1996. Post-irradiation morphological changes in the testes
of sexvally immaturc dogs. Folia vet. 40, 5-8



718 VARIATIONS IN THE TESTIS IN HARE

Cigankova V., Mesaro§ P., Bire§ J., Ledecky V., Ciganek J., Tomajkova E.. 1998. Morphological
structure of the testes in stallions at zinc deficiency. Slov. vet. as. 23, 97-100

Crep K. Svicky, E.. 1993. Experimental study of the influence of herbicides on European hare. Folia
venatoria 23, 169-181

EXCEL 97, 1998. Professional Handbook. R.A. Alden, T. Chester, Grada Publishing, pp. 840

Fléchon ILE., Motlik 1., Hunter R.H.F., Fléchon B., Pivko J., Fulka J.. 1986. Cumulus oophorus
mucification during resumption of meiosis in the pig. A scanning electron microscopy study.
Reprod. Nutr. Dévelop. 26, 989-998

Flux J.E.C., 1965. Timing of the breeding season in the hare, Lepus europaeus Pallas, and rabbit,
Oryctolagus cuniculus (L.). Mamalia 29, 557-562

Gamcik P., Kozumplik J., Mesaros P., Schvarc F., Vlgek Z., Zibrin M. (Editors), 1992. Andrology
and Artificial Insemination of Farm Animals (in Slovak). Priroda, Bratislava. pp. 351

Hancock J.L., 1957. The morphology of boar spermatozoa. J. Exp. Biol. 76, 84-97

Hell P., Slamecka J., 1999. Hare (in Slovak). PaRPRESS, Bratislava, pp. 152

Jancova A., Liga¢ S., Massdnyi P., Uhrin V., 1999. Morphometric analysis of testes and epididymi-
des in Apodemus sylvaticus and Apodemus flavicollis (in Slovak). Slov. vet. ¢as. 24, 152-156

JantoSovi¢ova J., Danko J., JantoSovi¢ 1., 1996. A histological study of the follicular development in
the prenatal ovary of the sheep. Folia vet. 40, 15-20

Kolodzieyski L., Danko J., 1995. A histological, histochemical, and immunohistochemical picture of
the ovary of a hermaphrodite goat. Folia vet. 39, 107-110

Kolodzieyski L., Danko J., Rajtova V., 1991. Comparison of the histochemical activity of selected
enzymes in normal developed ovary and in ovary of a hermaphrodite in goat (in Slovak). Plzen.
1ék. Sborn., Suppl. 63, 291-293

Massanyi L. (Editor), 1992. Functional Morphology of Spermatozoa (in Slovak). Veda, Bratislava,
pp. 194

Massanyi P., Luka¢ N., Massanyiova K., 1996. Seasonal occurrence of pathological spermatozoa in
bulls (in Slovak). Pol'nohospodarstvo 42, 628-637

Massanyi P., Lukac N., Hluchy S., Slamecka J., Jur¢ik R., Toman R., Kovacik J., 1999. Seasonal
variations in the metric analysis of the testis and epididymis in fallow-deer (Dama dama). Folia
vet. 43, 67-70

Massényi P., Slamecka J., Lukaé N., Juréik R., 2000. Seasonal variations in the morphometric analy-
sis of the ovary and uterus and in progestrone and 17B-oestradiol production in the brown hare
(Lepus europaeus). J. Anim. Feed Sci. 9, 697-708

Massényi P., Toman R., Hluchy 8., Kovacik J., Bardos L., Strapak P., 2000. Distribution of cadmium
and its effect on the structure of testis in mice. Pol'nohospodarstvo 46, 207-217

Mori H., Christensen A.K., 1980. Morphometric analysis of Leydig cells in the normal rat testis.
J. Cell Biol. 84, 340-354

SAS, 1998. SAS/STAT User’s Guide, Version 6. 4" Edition. SAS Institute, Cary, NC (USA)

Semizorova I.. Bukovjan K., ProSek J., 1990. Relation between the concentration of progesterone in
the blood of adult female hares (Lepus europaeus Pall.) and the size of their ovaries (in Czech).
Folia venatoria 20, 125-134

Slamecka J., Hell P, Juréik R. (Editors), 1997. Brown Hare in the Westslovak Lowland. Acta Sci.
Nat. Brno 31, 1-115

Toman R., Massanyi P. (Editors), 1997. Structural Changes of the Testis and Epididymis of Rabbit
After an Administration of Cadmium (in Slovak). Slovak Agr. Univ. Nitra, pp. 83

Vrzgulova M., Popesko P., Kos¢ova M., Hordk J., Danko J., 1979. Submicroscopic changes in the
Sertoli cells after an ischaemia of the testis of juvenile rams. Folia vet. 24, 53-65



MASSANYIP. ET AL. 719

Vizgulova M., Popesko P, Danko J.. 1980. Formation of new seminiferous tubules after an cyretage
of seminiferous parenchyma in juvenile rams (in Slovak). 4-th Conference on the Actual Health
and Production Problems in Sheep in Current Farming Coenditions. KoSice. pp. 152-153

Weibel E.R., Kistler G.5., Scherle W.F., 1966. Practical stereological methods for morphometric
cytology. J. Cell. Biol. 30, 33-38

STRESZCZENIE

Sezonowe zmiany w morfometrycznej ocenie jader, produlcji testosteronu oraz wystepowania
patologicznych {schorzalych} plemnikéw u zajaca (Lepus europaeus)

Badaniami objgto 37 samcow, po 9 wiosna (marzec do maja), latem (crerwice do sicrpmia)
i jesienia (wrzesien do listopada) oraz 10 w okresic zimowym (grodzien do Tutego).

Wzgledna objeto$é nablonka kanalikéw nasiennych jader byla najwicksza zima {84,14%),
namnicjsza latem, podczas gdy w micsiacach letnich najwigksza byta wzgledna objetosé tkanki
srddmiazszowe) (12.47%) oraz $wiatle kanalikow (18,11%). Wysokos¢ nablonka nasieniotwor-
czego (35,47 im} oraz Srednica kanalikow nasiennych (320,75 4m) byty najwigksze zimga. Danc te
znajduja potwicrdzenic w produkeji testosteronu, ktdrego stgzenic w krwi byto najwicksze takze
zima (5,72 ng/ml), a najmniejsze w miesigcach letnich (0.87 ng/ml): réznice te byty statystycznie
istotne (P<0,01).

Przypadk wystepowania znienienych patologicznic plemnikow wahaly sicod 11.50 do 24.17%,
przy czym najezescie] w okresic wiosennym. Przy pebicraniu plemnikdw z najadrza czgscie] spo-
tykano formy patologiczne, w ktorych najezedcic) obserwowano plemniki z kropla cytostatyczna.



