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The sika deer (Cervus nippon) is the only Cervidae

inhabiting Japan, except a feral foreign cervid, the

Reeves’ muntjac (Muntiacus reevesi).  The sika deer is

short-day seasonal breeder, and its rut occurs from

October to December (Suzuki et al. 1992).  When con-

sidering the biology of seasonal breeders, it is especially

important to elucidate testicular functions during sea-

sonal testicular changes.  In the mature testes of the roe

deer during the breeding season, the composition of the

seminiferous epithelium periodically changes throughout

spermatogenesis (Blottner et al. 1996).  Many studies on

the stages of the epithelial cycle have been reported in

experimental and domestic animals (Foote et al. 1972;

Swierstra et al. 1974; Berndtson 1977; Ekstedt et al.

1986; Pawar and Wrobel 1991).  For example, the semi-

niferous epithelial cycle is divided into 14 stages in the

rat (Leblond and Clermont 1952) and 8 stages in the

bull (Wrobel and Schimmel 1989).  Information about

these stages is essential for morphological and func-

tional researches on the testes and provides the basis

of understanding testicular regulatory mechanisms

(Toppari et al. 1986; Zhu et al. 1997; Zhou et al. 2002;

Schön et al. 2004; Klonisch et al. 2006).  In the rat, the

morphological changes of the Sertoli cells with each

seminiferous epithelial stage are concerned with the

control of phosphorylation of the cytoskeletal protein,

vimentin (Zhu et al. 1997).  In the mouse, androgen

receptors in the Sertoli cells show stage-dependent

expression with the most intense expression in stages

VI–VII (Zhou et al. 2002).

Histological studies on postnatal testicular develop-

ment and seasonal changes of the testes have been

reported in the sika deer (Yamauchi et al. 1982).  Struc-

tural changes of the seminiferous tubules, plasma and

fecal testosterone levels and localization of steroidogenic

enzymes have already been examined with annual

testicular changes of the sika deer (Suzuki et al. 1992;

Yamauchi et al. 1997; Kameyama et al. 2002; Hayakawa

et al. 2004).  However, the stages of the seminiferous

epithelial cycle are not yet fully defined in the sika deer,

although they have been reported in other cervids, the

fallow deer (Wrobel et al. 1993) and roe deer (Schön et

al. 2004).  In the present study, therefore, we categorized

the seminiferous epithelial stages in the sika deer.

Materials and methods

Testes were obtained from 10 adult male sika deer in

Hokkaido, Japan (Cervus nippon yesoensis), in the

autumn (October and November) of 2003.  Samples from

seven deer (more than 2-year-old) kept at a deer farm

managed by the Town Office of Ashoro (Ashoro;

43°15'N, 143°33'E) were obtained in early October with

official permission from Ashoro Town.  Two wild deer

(more than 2-year-old) were hunted in November in

Nishiokoppe (44°20'N, 142°55'E) and one wild deer in

Ohmu (44°35'N, 142°56'E).  The age of each animal was

estimated by assessing the branching of its antlers, as

well as its dentition (Ohtaishi 1980).

Immediately following the death of each animal its

testes were removed and fixed in Bouin’s fluid.  Fixed

tissues were dehydrated in a graded series of ethanol,

cleared in xylene, and embedded in paraffin (Paraplast

Plus
®

, Kendall, MA., USA).  The samples were then cut

serially at 4 μm and placed on silane-coated glass slides.

After deparaffinization, testicular tissue sections were
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stained with hematoxylin and eosin (HE), and periodic

acid Schiff (PAS)-hematoxylin.  The seminiferous epi-

thelial cycle was classified based on variations in the

shape and localization of spermatogenic cells in round

seminiferous tubules (Berndtson 1977).  Moreover, the

relative frequencies of each stage were estimated by

counting round seminiferous tubules selected randomly

because only one stage of the cycle was represented in

one round tubule in the sika deer.  More than 1000

tubules were counted in 10 individuals, according to a

previous description (Wrobel et al. 1993).

Results

The cellular formations of the seminiferous epithelium

were classified as cycles based on meiotic division, vari-

ation in the shape of the spermatid, development of an

acrosomal vesicle and release of spermatozoa into the

lumen of the tubules (spermiation).  The cycles of the

seminiferous epithelium of the sika deer could be divided

into 8 stages.  In the sika deer testis, successive stages

were simultaneously found in one cross-sectioned

tubule.  The characteristics of each stage were as follows

(Fig. 1).

Stage I: Characterized by no spermiation and cap

phase spermatids with a flatly expanded acrosome on the

surface of the nuclear membrane.

Stage II: The spermatids have entered the acrosome

phase and started elongation.

Stage III: Acrosome phase spermatids continue their

elongation, forming elongated spermatids.

Stage IV: Characterized by meiotic figures, and the

secondary spermatocytes can be found only at this stage.

Stage V: Reveals two developmental processes of

spermatids.  Newly generated round spermatids (Golgi

phase) contact the lateral aspects of the Sertoli cells.

Former spermatids continue maturation.  The pacytenes of

primary spermatocytes are found.  In this stage, the

acrosome is not present in the new spermatids.

Stage VI: Maturation phase spermatids are continu-

ously shifted to a central position.  A sphere acrosomal

vesicle which connects with a nucleus is noticed in later

Fig. 1. Eight stages (I–VIII) of the seminiferous epithelium cycle of the sika deer.  Small arrowheads: sphere acrosomal vesicle (in stage VI),

large arrowheads: flattened acrosomal vesicle with an acrosome on the surface of the nuclear membrane (in stage VII), small arrows: more

expanded acrosome (in stage VIII), large arrows: spermiation of spermatids (in stage VIII).  PAS-hematoxylin staining.  Bar = 25 μm.
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spermatids.

Stage VII: Maturation phase spermatids are continu-

ously shifted to an apical position.  Acrosomal vesicles

change from sphere to flat and spermatids develop a flat-

tened acrosome on the surface of the nuclear membrane.

Stage VIII: Characterized by spermiation (large arrows)

and condensing residual bodies in the apical position.

The acrosome expands the distributional area on the

membrane and can be recognized more clearly.

On analysis of relative frequencies, the frequencies of

stages of I, II, III, IV, V–VII and VIII were 12.9, 7.2,

23.8, 5.9, 22.9 and 27.3%, respectively.  In the present

study, stages V, VI and VII were grouped together as the

maturation phase of spermatids.

Discussion

In the present study, for the first time, the stages of the

seminiferous epithelial cycle of the sika deer were exam-

ined, and 8 cycle stages were identified with only one

stage of a seminiferous cross-section.  Similar to the

present results, most mammalian species have only one

stage of the cycle in a cross-section of the seminiferous

tubule (Johnson et al. 2000), although exceptions in

which a section contains various stages of the spermato-

genic cycle have been reported in the human (Clermont

1963) and marmoset (Millar et al. 2000; Li et al. 2005).

This enables quantitative comparisons at relative fre-

quency in the seminiferous epithelium cycle with many

other mammals.  In the present analysis of relative fre-

quencies, stages V, VI and VII were grouped together as

the maturation phase of spermatids, and this has already

been applied in studies of the seminiferous epithelium of

the bull (Wrobel and Schimmel 1989), water buffalo

(Pawar and Wrobel 1991), fallow deer (Wrobel et al.

1993) and ram (Wrobel et al. 1995).

Stage I was defined by cap phase spermatids and no

spermiation, stage IV by the meiotic division of sper-

matocytes, stage V by the occurrence of new round sper-

matids, and stage VIII by spermiation of spermatids.

Moreover, stage VI and VII were distinguished by the

development of acrosomal vesicle and the positioning of

spermatids.  In the sika deer, it was suggested that the

process of spermatogenesis is not influenced by capitive

conditions with supplemental feeding and enclosure

because no conspicuous differences were seen in semi-

niferous epithelial characteristics between wild and cap-

tive populations.  The present results of the seminiferous

epithelial cycle of the sika deer allow comparison with

those of many mammalian species, and could also be

required to evaluate the testicular changes occurring

under various conditions, such as aging, disease and

exposure to endocrine disruptors.

The present findings indicate that the seminiferous

epithelial cycle in the sika deer is similar to those in the

vole and bank vole (Grocock and Clarke 1976), dog

(Foote et al. 1972), blue fox (Andersen et al. 1990),

maned wolf (Bitencourt et al. 2007), bear (Komatsu et al.

1996), cat (França et al. 2002), puma (Leite et al. 2006),

horse (Swierstra et al. 1974), donkey and mule (Neves

et al. 2002), grey squirrel (Tait and Johnson 1982),

capybara (Paula et al. 1999), boar (Swierstra 1968;

Almeida et al. 2006), bull (Wrobel and Schimmel 1989),

water buffalo (Pawar and Wrobel 1991), ram (Wrobel

et al. 1995), fallow deer (Wrobel et al. 1993) and roe

deer (Schön et al. 2004) in that the cycle has 8 stages

with a regular order of successive stages.  However, it is

different from the 14 stages in the rat (Leblond and

Clermont 1952), Watase’s shrew (Adachi et al. 1992)

and greater Japanese shrew mole (Mizukami et al. 2001),

the 12 stages in the tree shrew (Maeda et al. 1996),

rhesus monkey (de Rooij et al. 1986), cynomolgus mon-

key (Dreef et al. 2007), mouse (Oakberg 1956), guinea

pig (Noller et al. 1977), Djungarian hamster (van Haaster

and de Rooij 1993) and Mongolian gerbil (Segatelli et al.

2004), the 10 stages in the Japanese macaque (Enomoto

et al. 1994), and the 6 stages in the human (Clermont

1963).  In the light of these previous studies, it is thought

that ungulates and carnivores tend to have an 8-stage

seminiferous epithelial cycle.  On the other hand, the

cycle of Soricomorpha is divided into 14 stages.  Rodents

have an epithelial cycle from 8 up to 14 stages.  Primates

also have different stage numbers of the seminiferous

epithelial cycle among species.  Although the cycle of

the marmoset has 8 stages, like ungulates and carnivores,

a cross section has multi-stages of the seminiferous

epithelial cycle (Millar et al. 2000; Li et al. 2005; Dreef

et al. 2007).  It is not evident whether the number and

continuation of stages are correlated with testicular func-

tions, but the accumulation of functional morphological

data of testes might classify the reciprocal relationships.

In the sika deer, the relative frequency of the 8-stage

seminiferous epithelium cycle showed a low proportion

in meiotic division (stage IV), similar to other ruminants;

the fallow deer (Wrobel et al. 1993), roe deer (Schön et

al. 2004), ram (Wrobel et al. 1995), and water buffalo

(Pawar and Wrobel 1991).  Thus, it is suggested that the

period of time for meiotic division is short in a cycle of
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the seminiferous epithelium of these ruminants.

Studies of general spermatogenic functions have been

mainly performed using the testes of annual breeders.

Thus, spermatogenic studies of seasonal breeders are

important to elucidate the mechanisms of seasonal testic-

ular involution and recrudescence.  Suzuki et al. (1992)

previously reported seasonal changes of the sika deer

testes and indicated that the testes began to regress

from December and were restored in July or August.  In

further studies, it will be important to examine which

stage of the testicular epithelial cycle or which process of

spermatogenesis is influenced by seasonal transition.

The present data are noteworthy to consider seasonal

changes in mammalian spermatogenesis and could be

useful for subsequent studies on the testicular functions

and morphology of the sika deer.
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