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ABSTRACT. Testes of 15 wild adult male raccoon dogs ( Nyctereutes procynoides) obtained from September 2000 to April 2001 were stud-
ied to clarify seasonal changes in spermatogenesis and testicular steroidogenesis.  There were marked seasonal variations in the testis
weight and size with values relatively low in September and highest in March.  Spermatogonia and primary spermatocytes were obse rved
in September, while spermatogonia, spermatocytes and round spermatids were present in January, and all types of spermatogenic cells
including mature spermatozoa were found in the mating season (February and March).  The number of spermatogenic cells reached th eir
peak values in February and March.  In addition, steroidogenic enzymes were immunolocalized using polyclonal antisera raised against
bovine adrenal cholesterol side-chain cleavage cytochrome P450 (P450scc), human placental 3β-hydroxysteroid dehydrogenase
(3βHSD), porcine testicular 17α-hydroxylase cytochrome P450 (P450c17), and human placental aromatase cytochrome P450
(P450arom).  P450scc and P450c17 were identified in Leydig cells and spermatids in February, whereas these enzymes were present only
in Leydig cells in September.  3βHSD was found in Leydig cells in September and February with more intense staining in February.
The localization of P450arom changed seasonally: no immunostaining in September; more extensive immunostaining in Leydig cells,
Sertoli cells, and elongating spermatids in February.  These results suggest that seasonal changes in the testis weight and size of wild
male raccoon dogs are correlated with changes in spermatogenesis.  Seasonal changes in testicular steroidogenesis suggest that the syn-
thesis of androgen and estrogen reaches its peak in the mating season.
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Mammals in temperate regions exhibit a seasonal cycle in
reproduction with spermatogenesis and testicular steroido-
genesis limited to a specific time of the year.  Seasonal
changes in spermatogenesis, morphology of the testis, and
peripheral testosterone concentrations have been reported in
numerous species, including brown bear (Ursus arctos
yesoensis) [33], blue fox (Alopex lagopus) [29], ferrets
(Mustela putorius furo) [22], fallow deer (Dama dama) [2],
Cape Mountain zebras (Equus zebra zebra) [26] and Hawai-
ian monk seals (Monachus sschauinslandi) [3].  Further
information regarding seasonal changes in testicular func-
tion is available in an extensive review by Lincoln [20].
These seasonal changes in testicular size and peripheral tes-
tosterone concentrations suggest significant changes in
spermatogenesis and testicular steroidogenesis.

The raccoon dog (Nyctereutes procyonoides) is a typical
seasonal breeder with a short sexually active period lasting
about 6 weeks in February and March, followed by a long
period of sexual dormancy from April to January [38].  Dur-
ing the mating period, male raccoon dogs are willing to mate
and produce mature spermatozoa.  The oestrus of female
raccoon dogs lasts for about only 4 days, followed by a ges-
tation of about 61 days when fertilization is successful [39].
Male raccoon dogs exhibit a marked seasonal variation in
both testicular size and serum testosterone concentrations,
which begin to increase during autumn, reach peak values in

* CORRESPONDENCE TO: TSUBOTA, T., Division of Veterinary Medi-
cine, Faculty of Agriculture, Gifu University, 1–1 Yanagido,
Gifu 501–1193, Japan.
the mating season, and return to basal values during May to
August when daylight hours are long [36].

Although much information on reproduction in the rac-
coon dog has been reported recently [10, 16, 36–39], many
gaps in our understanding of the mechanisms of their repro-
duction remain.  The aim of the present study was to inves-
tigate the mechanisms that regulate spermatogenesis and
testicular steroidogenesis by immunocytochemical and his-
tological observations in wild male raccoon dogs.

MATERIALS AND METHODS

Animals: Fifteen wild male raccoon dogs which were sus-
pected to be adult based on their body weights (2.32–5.24
kg) and had died due to traffic accidents were collected
within 72 hr of death from 18 September 2000 to 24 April
2001 in Gifu and Kanagawa Prefectures in Japan.  Testicular
weight was measured using scales, and testicular size was
expressed in mm after measuring the (length × width ×
height)1/3 following autopsy.  Testicular tissues obtained
were immediately fixed for 13 hr in Bouin’s solution for his-
tological and immunocytochemical observation.

Histology: Testicular samples were dehydrated in an eth-
anol series and embedded in paraffin wax.  Serial sections (4
µm) were mounted on slides coated with poly-L-lysine
(Sigma, St. Louis, MO, U.S.A.).  Some sections were
stained with hematoxylin-eosin (HE) for observations of
general histology.  Ten seminiferous tubules per raccoon
dog were evaluated histologically using an Olympus photo-
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microscope with a × 40 objective lens.  A movable cursor
dot (approximately 0.1  µm in diameter) was used for mea-
suring the diameter of the testis.  Jandel Scientific Sigma
ScanR Image Analysis software (Jandel Scientifics Corpora-
tion, Montgomeryville, PA) was used for processing mea-
surements.  The repeatability of measurements, expressed as
a coefficient of variation for ten measurements, was 0.74%
at 10 µm and 5.8% at 0.7 µm.

Evaluation of spermatogenesis: The score count for
determining the stage of spermatogenesis [14] was modified
and used to evaluate spermatogenesis in the aspirates of tes-
tes.  The modified criteria of the score count, principally
based on the most advanced spermatogenetic cells, were as
follows: Score 1, spermatogonia A only; Score 2, no cells
further than spermatogonia B; Score 3, no cells further than
L (leptotene) primary spermatogocytes; Score 4, no cells
further than Z (zygotene) primary spermatogocytes; Score
5, no cells further than P(pachytene) primary spermatogo-
cytes; Score 6, no cells further than round spermatids; Score
7, no cells further than the small head of the spermatozoon;
Score 8, a few mature-phase spermatozoa (≤5 in each field
under × 400); and Score 9, many mature-phase spermatozoa
(>5 in each field under × 400).  The counting was usually
performed while the whole sample was examined under a
light microscope, using a low (× 100) and then a high (×
400) magnification.

Immunocytochemistry: Adjacent sections were incubated
with 10% normal goat serum to reduce background staining
caused by the second antibody.  The sections were then
incubated with primary antibody (1:500 or 1:1000) raised
against bovine adrenal cholesterol side-chain cleavage cyto-
chrome P450 (P450scc) [1], human placental 3β-hydroxys-
teroid dehydrogenase (3βHSD) [6], porcine testicular 17α-
hydroxylase cytochrome P450 (P450c17) [9], and human
placental aromatase cytochrome P450 (P450arom) [17] for
16 hr at room temperature.  The antibodies of 3βHSD and
P450arom were kindly supplied by Dr. Mason and Dr.
Harada, respectively, and the antibodies of P450scc and
P450c17 were kindly supplied by Dr. Kominami.  The sec-
tions were then incubated with a second antibody, goat anti-
rabbit lgG conjugated with biotin and peroxidase with avi-
din, using a rabbit ExtrAvidinTM  staining kit (Sigma), fol-
lowed by colouring with 30 mg 3,3-diaminobenzidine
(Wako) solution in 150 ml of 0.05 mol Tris-HCl l–1 buffer,
pH 7.6, plus 30 µl H2O2.  Finally, the reacted sections were
counterstained with haematoxylin solution (Merck).  The
control sections were treated with normal rabbit serum
(Sigma) instead of the primary antisera.

RESULTS

Testicular size and weight: Seasonal changes in testis size
and weight in wild male raccoon dogs are shown in Figs. 1
and 2.  The largest values were found during the mating sea-
son in March (mean testicular size, 20.56 mm; mean testic-
ular weight, 5.89 g) and the lowest values were found during
the non-mating season in September (mean testicular size,
11.564 mm; mean testicular weight, 1.82 g).
Seminiferous tubule diameter: There were seasonal

changes in seminiferous tubule diameters in wild male rac-
coon dogs (Fig. 3).  The values of the seminiferous tubule
diameters were low in September (78.45 ± 9.7 µm, mean ±
SD), began to increase in October, and thereafter increased
steadily until the mating season of the following year (Feb-
ruary and March) when they reached their highest values
(160.52 ± 18.3 µm, mean ± SD).  The seminiferous tubule
diameter then started to decline in April.

Evaluation of spermatogenesis: Marked seasonal changes
were observed in the histological appearance of seminifer-
ous epithelium from September to April of the following
year.  The mean score count of spermatogenesis also
changed seasonally during this period (Fig. 4).  Spermatogo-
nia and primary spermatocytes were present in September.
Spermatogonia, spermatocytes and round spermatids were
present in January.  All types of spermatogenic cells were
found, including mature-phase spermatozoa in February.
Spermatogonia and degenerating spermatocytes were
present in April.

Immunocytochemistry: P450scc, 3βHSD and P450c17

Fig. 1. Seasonal changes in testis size of wild male raccoon dogs.

Fig. 2. Seasonal changes in testis weight of wild male raccoon
dogs.
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were immunolocalized in Leydig cells in wild male raccoon
dogs in September and February (Fig. 5b, c, d, f, g, h).  No
immunostaining was detected in control sections when nor-
mal rabbit serum was substituted for the primary antibody
(Fig. 5a).  Seasonal changes in the immunolocalization of
P450scc and P450c17 were very similar.  These enzymes
were present in both Leydig cells and spermatids in Febru-
ary during the mating season, but only in Leydig cells in
September during the non-mating season.  3βHSD was
immunolocalized weakly in Leydig cells in September and
more intensely in February (Fig. 5d, h).  Marked seasonal
changes in immunolocalization of P450arom were
observed.  P450arom was not observed in Leydig cells in
September.  The most extensive immunostaining was
present in Leydig cells, Sertoli cells and round and elongat-
ing spermatids in February during the mating season (Fig.
5e, i).

DISCUSSION

The results of this study demonstrate interacting seasonal
alterations among testicular weight, size and spermatogene-
sis in wild male raccoon dogs, which are closely associated
with variations in the immunolocalization of testicular ste-
roidogenic enzymes.

Fig. 3. Seasonal changes in seminiferous tubule diameter of
wild male raccoon dogs.

Fig. 4. Seasonal changes in the mean score count of spermatoge-
nesis of wild male raccoon dogs.
The cyclical alternation in the growth and involution of
testes is a well-known phenomenon [5], and the seasonality
of testicular mass and spermatogenesis shown in this study
is in general agreement with some reports on this species
[36–38].  We observed testicular recrudescence and regres-
sion in the adult male raccoon dog as judged by testis
weight, size and score count of spermatogenesis with high-
est values of weight and size in the mating season.  In addi-
tion, the results of seminiferous tubule diameter also
showed that the highest values were in the mating season.
These results suggest that seasonal changes in testicular
weight and size are correlated with changes in the numbers
of germ cells in the wild male raccoon dog.  This finding is
similar to that observed in other mammals such as the black
bear [35], roe deer [5] and horses [12, 13].

The survival of spermatogenic cells is dependent on
gonadotrophins as well as intratesticular androgens induced
by LH [4, 21, 32].  Testosterone is essential for male sexual
differentiation during fetal development, as well as for the
initiation and maintenance of spermatogenesis and the
expression of male secondary sex characteristics during
postnatal development.  Testosterone regulates spermatoge-
nesis at specific germ-cell transformation steps [5].  An
important function of androgen is the conversion of round
spermatids to elongated ones in the rat [24].  Testosterone
also plays an important role in preventing apoptotic cell
death in androgen-dependent tissues [30, 31].  Unfortu-
nately, serum testosterone concentrations could not be
determined in wild male raccoon dogs in this study, but
there has been a report on farmed raccoon dogs by Xiao [36]
of marked seasonal changes in serum testosterone concen-
trations with a significant rise in October, a peak in the early
breeding season, and a rapid drop at the end of the breeding
season.

The biosynthesis of sex steroid hormones such as proges-
tin, androgen and estrogen requires the activity of each spe-
cific steroidogenic enzyme.  Immunolocalization of
steroidogenic enzymes was first observed in the raccoon
dog in this study, showing that P450scc, 3βHSD and
P450c17 were localized in Leydig cells in the non-mating
season, and that P450scc, P450c17 and P450arom were
localized in Leydig cells and spermatids in the mating sea-
son.  These findings are similar to those observed in other
species such as the Hokkaido brown bear [34] and the Japa-
nese black bear [18].  In this study, the results strongly sug-
gest that the synthesis of progestin, androgen and estrogen
occurs in Leydig cells; and pregnenolone, androgen and
estrogen synthesis occur in spermatids in male raccoon dog
testis.

It was of even more interest that there was a seasonal
change in immunolocalization and staining intensity of the
steroidogenic enzymes P450scc, 3βHSD, P450c17 and
P450arom in male raccoon dogs in this study.  P450scc,
3βHSD and P450c17 were localized in Leydig cells in both
the non-mating (September, December and April) and mat-
ing seasons (February); However, the staining of P450scc,
3βHSD and P450c17 in Leydig cells was more intense dur-
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Fig. 5. Immunolocalization of steroidogenic enzymes in the testis of the non-mating (b, c, d) (September) and mating (f, g, h, i)
(February) raccoon dog. Immunostaining for P450scc and P450c17, which were present in both Leydig cells and spermatids (f,
g) in February but only in Leydig cells in September (b, c); 3βHSD was immunolocalized weakly in Leydig cells in September
and more intensely in February (d, h); P450arom was not observed in September but was present in Leydig, Sertoli cells and
round and elongating spermatids in February (e, i). Control incubated with normal rabbit serum in place of primary antiserum
(a). LC: Leydig cell, SC: Sertoli cell, Spd: Spermatid.
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ing the mating than the non-mating season; moreover,
P450scc and P450c17 were also localized in spermatids in
the mating season.  These findings are similar to those
observed in other species in which seasonal reproduction in
staining for testicular steroidogenic enzymes was most
intense when the testes were fully active [20, 35].  These
findings also suggest that the synthesis of androgen and
estrogen reaches their highest values in the mating season in
wild male raccoon dogs.

The Leydig cells of the testis are the only cells in the male
with the capacity to synthesize testosterone from cholesterol
[25].  Leydig cells and spermatids are the predominant sites
of androgen synthesis [34].  Our results in this study suggest
that the synthesis of androgen reached its peak in the mating
season in male raccoon dogs.  In addition, our immunocy-
tochemical data also suggest that testicular steroidogenesis
correlates with spermatogenesis in male raccoon dogs,
which is similar to other species that exhibit seasonal
changes in spermatogenesis and testicular steroidogenesis
[18, 35].

There was a marked seasonal change in the immunolocal-
ization of P450arom.  Immunoreactivity specific to
P450arom was observed in Leydig cells, Sertoli cells and
spermatids in February.  These findings are similar to those
for American black bears [35] and Japanese black bears
[18].  P450arom is a key enzyme which precedes the arom-
atization of testosterone to estradiol.  Aromatase activity has
been observed in the Leydig cells of adult rats and in the
Sertoli cells of prepubertal ones [7, 8, 27, 28].  P450arom
was immunolocalized in spermatids of the raccoon dog tes-
tis, a characteristic which is not unique to the raccoon dog.
In mice, rats, roosters and bears [11, 18, 19, 23, 35], the
P450arom was present not only in Leydig cells but also in
the seminiferous tubules especially in spermatids and epid-
idymal spermatozoa.

Our present data support the proposal that Leydig cells
and germ cells are the sites of estrogen synthesis in seminif-
erous tubules, and that estrogen plays a role in the matura-
tion of sperm in the epididymis [18, 35].  These findings
provide new evidence for germ cells as a new source of
estrogens in the male gonad and that parts of the male
gonadal functions are not only androgen regulated but also
estrogen controlled.  Future studies will elucidate whether
P450arom mRNA is expressed in the testes of raccoon dogs
and what the function of the estrogen in germ cells is.

In conclusion, seasonal changes in testis weight and size
in wild male raccoon dogs are correlated with changes in
spermatogenesis and testicular steroidogenesis, and the syn-
thesis of androgen and estrogen reaches their highest values
in the mating season.
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