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Abstract
Female spotted hyenas (Crocuta crocuta) have an erectile peniform clitoris and a pseudoscrotum but no external vagina, all
established by day 35 of a 110-day gestation. Recent studies indicate that these events are androgen-independent, although
androgen secretion by fetal ovaries and testis was hypothesized previously to induce phallic development in both sexes. We
present the first data relating to the capacity of the ovaries and testes of the spotted hyena to synthesize androgens at different
stages of fetal life. Specifically, spotted hyena fetal gonads were examined by immunohistochemistry at GD 30, 45, 48, 65, and 95
for androgen-synthesizing enzymes, as related to the morphological development. Enzymes included 17a-hydroxylase/17,20lyase cytochrome P450 (P450c17), cytochrome b5, 3b-hydroxysteroid dehydrogenase (3bHSD), and cholesterol side-chain
cleavage cytochrome P450 (P450scc). Anti-Müllerian-hormone (AMH) expression was also examined. AMH was strongly
expressed in fetal Sertoli cells from GD 30 and after. P450c17 expression was detected in Leydig cells of developing testes and
surprisingly in Müllerian duct epithelium. Fetal ovaries began to organize and differentiate by GD 45, and medullary cells
expressed P450c17, cytochrome b5, 3bHSD, and P450scc. The findings support the hypothesis that external genital morphology
is probably androgen-independent initially, but that fetal testicular androgens modify the secondary, male-specific phallic form
and accessory organs. Fetal ovaries appear to develop substantial androgen-synthesizing capacity but not until phallic
differentiation is complete, i.e. after GD 45 based on circulating androstenedione concentrations. During late gestation, fetal
ovaries and testes synthesize androgens, possibly organizing the neural substrates of aggressive behaviors observed at birth in
spotted hyenas. These data provide an endocrine rationale for sexual dimorphisms in phallic structure and reveal a potential
source of androgenic support for neonatal aggression in female and male C. crocuta.
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Introduction
The external genitalia of the female spotted hyena
(Crocuta crocuta) have been of interest since the first
scientific descriptions over a century ago (see Matthews
1939, Glickman 1995). Specifically, at birth, female
spotted hyenas lack a vulva, possessing instead an
erectile peniform clitoris that is comparable in size
with the penis, through which they urinate, copulate,
and give birth (Drea et al. 1999). The apparent
‘virilization’ of female spotted hyenas seems to challenge
the established precepts of mammalian sex differentiation, i.e., that female reproductive development
occurs by a ‘default’ pathway. According to the
q 2006 Society for Reproduction and Fertility
ISSN 1470–1626 (paper) 1741–7899 (online)

traditional view (Wilson et al. 1995), male development
in eutherian mammals is initiated by a testis-determining
factor, the Y-linked SRY gene of some species (Sinclair
et al. 1990), in concert with autosomal genes that
together direct testicular morphogenesis within the
genital ridge. Newly formed fetal testes are functional
as endocrine organs (Wilson et al. 1995). Testosterone
secretion by the fetal Leydig cells stabilizes the Wolffian
ducts, ensuring complete male duct formation. Testosterone is also converted to dihydrotestosterone (DHT)
within the primordial genital tissues, promoting prostatic
development and fusion of the urethral folds to form the
penile urethra. Fetal Sertoli cells are also active
endocrinologically secreting anti-Müllerian hormone
DOI: 10.1530/rep.1.01120
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(AMH) that induces Müllerian duct regression, eventually
allowing testicular descent and completion of differentiation of the male soma. In contrast, female gonads
develop as ovaries that are relatively inactive endocrinologically, in which case there is no fusion of the urethral
folds, and the genital swellings develop as an external
vagina instead of a scrotum. Consequently, there has been
considerable speculation as to how the external genitalia
of female spotted hyenas become ‘virilized’, and how
mechanisms of mammalian sexual differentiation in this
species differ from the eutherian norm.
Anatomical masculinization in female spotted hyenas
is obvious early during fetal development (Fig. 1), and
though exact cellular sources remain poorly defined,
was long thought to reflect in utero androgen exposure
(Place & Glickman 2004). Both male and female gonads
were proposed to be sites of androgen synthesis during
fetal life from studies on field specimens (Lindeque &
Skinner 1982). However, fetal ages were likely underestimated, based on the examination of more accurately
staged tissues from pairing and/or observed mating dates
(Licht et al. 1998). Licht et al. suggested that androgen
from the fetal ovary might perhaps influence clitoral
development later during gestation, but considered it
highly unorganized at stages early enough to influence
genital tubercle morphogenesis (Licht et al. 1998). More
recent studies showed that genital tubercle differentiation is not only sexually dimorphic (Cunha et al. 2003)
but also androgen sensitive (Cunha et al. 2005). The
penis is longer and thicker than the clitoris (Frank et al.
1990), with an angular (rather than a rounded) glans, and
a narrower, less elastic urogenital meatus (Frank et al.

Meatus of
peniform clitoris

Labio-scrotal
raphe fusing

1990, Drea et al. 1998). Internally, there are also sex
differences in positioning of the retractor muscles,
location of erectile tissues and surrounding fibroelastic
tunica, and ‘pleating’ of the urogenital sinus (Neaves
et al. 1980, Cunha et al. 2003, 2005). Treatment with
anti-androgens during fetal life transforms the male
penile phenotype into the clitoral phenotype of the
female spotted hyena (Forger et al. 1996, Drea et al.
1998, Cunha et al. 2005). Evidently, androgens arriving
from the placenta (Licht et al. 1992, Yalcinkaya et al.
1993) are insufficient to ‘masculinize’ the female genital
tubercle, which in males occurs between 30 and 45 days
of gestational age (Cunha et al. 2005). However, the
potential for steroid synthesis by hyena fetal testes
compared with ovaries has been a matter of speculation
and based only on the degree of cellular ‘organization’
during the early stages of fetal development.
Thus, the present study was conducted to reevaluate
the steroidogenic potential of the fetal gonads of the
spotted hyena using immunohistochemistry. Two
principle issues were addressed: (1) are the fetal testes
capable of synthesizing androgen at the time of phallic
differentiation and (2) are the fetal ovaries capable of
synthesizing androgens and, if so, when? Steroidogenic
enzyme expression was examined in tissue and available
samples of fetal blood were analyzed for androgen
concentrations. Androgen synthesis is directly dependent on the expression of the enzyme 17a-hydroxylase/17,20-lyase cytochrome P450 (P450c17), a redox
partner and an accessory protein, cytochrome b5
(Mapes et al. 1999, 2002) that specifically supports
17,20-lyase activity (Miller 2005). Additional key
enzymes include 3b-hydroxysteroid dehydrogenase
(3bHSD) and cholesterol side-chain cleavage cytochrome P450 (P450scc) providing substrate, if this is
not available otherwise (Conley & Bird 1997). Therefore, expression of these enzymes, and of AMH as a
Sertoli cell marker, was examined by immunohistochemistry of the fetal ovaries and testes of spotted
hyenas from early to late gestation.

Materials and Methods
Tissue collection

Empty
scrotal sacs

Anus
Figure 1 External genital development of a female spotted hyena fetus at
GD 65. Note the swellings of the empty scrotal sacs, labio-scrotal
fusion extending toward the meatus at the tip of the developing
peniform clitoris.
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Male and female hyenas were housed separately at the
Field Station for the Study of Behavior, Ecology, and
Reproduction at the University of California, Berkeley
until reproductively mature females demonstrated signs
of behavioral estrus. At that point, a mature male was
introduced and the pair was observed for signs of female
receptivity. Gestational age in days (GD) was estimated
from the day of observed mating after pregnancies were
confirmed by trans-abdominal ultrsonography (Place
et al. 2002). Fetal specimens were obtained by
hysterotomy from a total of eight pregnancies at
gestational days (GD) 30, 45, 48, 65 and 95 as outlined
www.reproduction-online.org
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in Table 1. All pregnancies were deemed normal and
fetuses were of a size consistent with the expected fetal
age based on estimates made from the time of observed
mating, as reported in an earlier paper (Cunha et al.
2005). Procedures were approved by the Animal Care
and Use Committee of the University of California at
Berkeley.
Immunohistochemistry
Anti-Müllerian hormone and steroidogenic enzyme
expression were examined in fixed gonads and adjacent
tissues of hyena fetuses. Sex of fetuses less than GD 65 was
determined from genomic DNA extracted from frozen
tissue by PCR amplification of SRY (Pomp et al. 1995).
Tissues were fixed for 24 h in 4% paraformaldahyde at
4 8C immediately following dissection, dehydrated in a
graded ethanol series, paraffin-embedded, and sectioned
at 5 mm. Immunohistochemical localization of all
proteins was performed using an avidin–biotin–peroxide
complex method (VECTASTAIN Elite ABC kits, Vector
Laboratories, Burlingame, CA, USA). Tissue sections
were deparaffinized using CitriSolv (Fisher HealthCare,
Houston, TX, USA) and rehydrated in a graded ethanol
series. Endogenous peroxidase activity was blocked to
reduce background staining by incubating tissue sections
in 0.3% H2O2 for 30 min and rinsed in buffer (0.1 M PBS,
pH 7.2 with 0.3% Triton X) for 5 min. Staining was
optimized for P450c17 and 3b-HSD by heating sections
to 95 8C for 25 min in citrate buffer (pH 6.0) in a rice
steamer with continuous temperature monitoring.
Non-specific staining was blocked by incubating sections
with 1.5% normal serum of the species in which the
secondary antibody was raised for 20 min. Tissue sections
were incubated at 4 8C for 16 h with the following
primary antisera: AMH (1:1000 polyclonal goat antiserum raised against a 20 amino acid C-terminal
sequence of the human protein, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), P450c17
(1:2000, rabbit polyclonal anti-bovine protein, this
laboratory), cytochrome b5 (1:3000, polyclonal rabbit
anti-human recombinant protein, this laboratory),
3b-HSD (1:2000, polyclonal rabbit anti-human ovarian
purified protein, Dr J Ian Mason, Royal Infirmary of
Edinburgh NHS Trust, Edinburgh, Scotland), P450scc
(1:2000, polyclonal rabbit anti-human purified protein,
Dr W L Miller, University of California San Francisco,
Table 1 Numbers of male (M) and female (F) spotted hyena fetuses
collected at indicated gestational stages (days).
Fetal age (days)
30
45; 48
65
95

Males

Females

2
1a
1
2

2
3a
1
2

a

Mixed-sex twins. bMixed-sex triplets.
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Fetal sex within pregnancies
(F, M)a; (F, M)a
(2F, 1M)b; 1F
(F, M)a
(F, M)a; 1F; 1M
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San Francisco, CA, USA), and aromatase cytochrome
P450 (1:1000, polyclonal rabbit anti-human recombinant protein, Dr Nobuhiro Harada, Fujita Health
University School of Medicine, Aichi, Japan) diluted in
PBS. The specificity of all antisera was confirmed by
western immunoblot of hyena tissues where single
immunoreactive bands were observed at the molecular
sizes anticipated for each protein (data not shown).
Normal serum was substituted for the primary antibody in
negative controls for both steamed and non-steamed
sections. Sections were incubated with biotinylated
secondary antibody and tertiary avidin–biotin complex
for 30 min each. Antibody binding was visualized using
peroxidase substrate kits (3-amino-9-ethylcarbazole
(AEC), Vector Laboratories, Burlingame, CA, USA),
counterstained with hematoxylin, mounted with an
aqueous mounting media, and cover-slipped.
Steroid hormone analysis
Trunk blood was collected from one female of triplets at
GD 45, and a male and female of twins at GD 65, shortly
after separation from the placenta. Cardiac blood was
similarly collected from twin male and female fetuses at
GD 95. Plasma was isolated and used to measure steroid
concentrations. Samples were analyzed in duplicate by
RIA for steroid concentrations following the procedures
of Wingfield et al. (1991). Androstenedione (A4)
concentrations were measured by direct assay following
organic extraction of the plasma, while testosterone (T),
estradiol (E2), and dihydrotestosterone (DHT) concentrations were assayed after organic extraction and celite
column chromatography. Samples were corrected for
individual extraction efficiency. Each steroid was
analyzed in a single assay with the following intraassay variations (A4, 3.2%; T, 4.7%; E2, 2.1%; DHT,
4.4%) and limits of detection (A4, 0.5 ng/ml; T, 0.1 ng/
ml; E2, 0.2 ng/ml; DHT, 0.2 ng/ml).

Results
As noted earlier, the weights and gross anatomy of all
fetuses were consistent with the normal development
expected for the gestational age determined from the
date of observed mating, the details of which have been
published previously (Cunha et al. 2005). The differentiation of male and female gonads recovered from fetuses
at GD 30 is shown in Fig. 2A–F. Testicular cords were
already recognizable and AMH expression was evident
in the cytoplasm of developing Sertoli cells within the
cords in the cortical regions of the developing testis
(Fig. 2A). The expression of P450c17 (Fig. 2B), and
cytochrome b5 and 3bHSD (data not shown), was also
evident in the cytoplasm of presumptive Leydig cells but
staining was much less intense. However, intense
cytoplasm-specific staining for P450c17 was observed
Reproduction (2006) 132 649–659
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Figure 2 Developing gonads and mesonephros from male ((A)–(D)) and female ((E) and (F)) spotted hyena fetuses recovered at 30 days of gestation.
(A) Immunohistochemistry for anti-Müllerian hormone (AMH) in a section through the genital ridge of a male fetus showing cytoplasmic expression
(in red) in Sertoli cells (arrowheads) of the testis (Te). The mesonephros (Mn), Wolffian duct (WD), and Müllerian duct (MD) are also indicated.
Note the organization of cords particularly around the margins of the testis (insert). (B) Immunohistochemistry of fetal testis showing evidence of
Leydig cell differentiation and expression of P450c17 (arrows). (C) Immunohistochemistry showing evidence of expression of P450c17 in the MD of
a male fetus. Note that lighter, non-specific staining was evident in cells lining the WD and mesonephric tubules, as also seen in sections stained for
AMH (see (A)). (D) Adjacent sections incubated with antisera pre-adsorbed with purified recombinant P450c17. Note the decrease in intensity
of staining in the MD and testis but no change in background staining of the cells lining the WD and mesonephric tubules. Insert shows the region of
MD at higher magnification. (E) Immunohistochemistry showing a lack of AMH expression in a section through the genital ridge of a female fetus.
Insert provides a view of the entire ovary at low magnification. The MD and the region of ovarian development (Ov) are indicated. (F) The MD, WD,
and Mn at higher magnification of a section showing the lack of expression of P450c17.

in the epithelium of the Müllerian ducts and less intense
staining was present within the Wolffian duct and
mesonephric tubules (Fig. 2C and insert). Pre-adsorption
of the P450c17 antiserum with purified recombinant
P450c17 protein markedly reduced staining in both the
Müllerian duct epithelium and the testis, but did not alter
the low level of staining in the Wolffian ducts and the
mesonephric tubules (Fig. 2D and insert). In contrast,
the genital ridge of the female lacked obvious cellular
Reproduction (2006) 132 649–659

organization and there was no detectable evidence of
AMH (Fig. 2E), or comparable P450c17, cytochrome b5
or 3bHSD expression in either developing gonads or the
Müllerian duct epithelium (Fig. 2F).
Gonadal size was much increased in the sibling male
and female fetuses recovered at GD 45. By this stage,
fetal testicular organization into seminiferous tubules
was virtually complete and AMH expression within
the Sertoli cells was evident throughout the gonad
www.reproduction-online.org
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(Fig. 3A). The differentiation of Leydig cells within the
testicular interstitium was equally evident at GD 45
based on the markedly increased expression of P450c17
in the cytoplasm of Leydig cells, which was the mirror
image of AMH (Fig. 3B). Leydig cells also expressed
3bHSD (Fig. 3C) and cytochrome b5 (data not shown).
The organization and differentiation of the fetal ovaries at
GD 45 and 48 lagged behind the fetal testes (Fig. 3D–G).
Despite a comparable increase in size, there was no
evidence of AMH expression in the fetal ovary (Fig. 3D).
Ovarian organization was limited to the presence of a
thin layer of compact cells in the cortex and the
development of cellular cords in the medulla. However,
cells in the cortex stained strongly for P450c17 (Fig. 3E)
and cytochrome b5 (Fig. 3F). The beginning of medullary
cord development was highlighted by the expression of
P450c17 and cytochrome b5 (Fig. 3G) in the cells
separating the cords. This contrasted with the lack of
organization in the ovarian specimen collected at GD
48, which, although at a slightly later estimated fetal age,
showed little evidence of cord development and only a
few scattered cells expressing P450c17 (Fig. 3H). In fact,
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the vast majority of cells showed no evidence of
steroidogenic differentiation.
Testis morphology and differentiation changed little
from GD 45 to 65. AMH expression in Sertoli cells
remained intense, and germ cells that lacked staining
became more obvious within the seminiferous tubules
(Fig. 4A and insert). Similarly, there was no change in
the intensity or pattern of expression of 3bHSD, which
was uniformly distributed throughout the interstitial
compartment of the fetal testis (Fig. 4B) within the
cytoplasm of the Leydig cells (Fig. 4C). An identical
pattern of expression of P450c17 was seen throughout
the testis (Fig. 4D) with intense immunolocalization in
the interstitial compartment (Fig. 4E). The same was true
of the accessory protein, cytochrome b5 (Fig. 4F and
insert). However, ovarian differentiation was largely
advanced in the twin female fetus recovered at GD 65
when compared with the development at GD 45 or 48.
The ovary still lacked any detectable AMH expression,
but there was a considerable expansion of cortical
width and recognizable primordial germ cells within
this region of the gonad (Fig. 5A). The medulla

Figure 3 Immunohistochemistry for expression (in red) of anti-Müllerian hormone (AMH), 3b-hydroxysteroid dehydrogenase (3bHSD), and 17ahydroxylase cytochrome P450 (P450c17) in spotted hyena fetal testes at GD 45 ((A)–(C)) and fetal ovaries at GD 45 ((D)–(G)) and 48 (H). (A) AMH
expression is strong in Sertoli cells within the well-organized seminiferous tubules. (B) 3bHSD expression is intense in cells of the interstitial
compartment. (C) Higher magnification showing strong P450c17 expression in cells of the testicular interstitial compartment. (D) Fetal ovary lacking
evidence of AMH expression. (E) Fetal ovary showing expression of P450c17 in the cortex and developing medulla. (F) Fetal ovary showing similar
pattern of expression of cytochrome b5. (G) Higher power view of fetal ovarian cytochrome b5 expression showing early organization of medullary
cords. (H) Less organized, less differentiated fetal ovary showing little evidence of organization and with few cells that stain positively for P450c17
(arrowheads). Note that the male fetus represented in (A)–(C) was a sibling to the female depicted in (D)–(G) but that depicted in (H) was from a
different pregnancy.
www.reproduction-online.org
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Figure 4 Immunohistochemistry for expression (in red) of anti-Müllerian hormone (AMH), 3b-hydroxysteroid dehydrogenase (3bHSD),
17a-hydroxylase cytochrome P450 (P450c17), and cytochrome b5 in testes of a spotted hyena fetus recovered at GD 65. (A) AMH expression in
fetal Sertoli cells within the seminiferous tubules. Germ cells can be seen to standout at higher magnification (insert). (B) 3bHSD expression was
intense throughout the interstitial compartment. (C) Higher magnification shows lipid-laden Leydig cells express 3bHSD. (D) P450c17 expression
was equally intense in the testicular interstitium. (E) Higher magnification shows Leydig cell expression of P450c17. (F) Cytochrome b5 expression
was equally intense throughout the testis (insert) and also localized to Leydig cells.

was distinct, and more clearly separated from the
cortex, especially when sections were immunostained.
The expression of 3bHSD was restricted to cells within
the ovarian medulla (Fig. 5B) and specifically to cells
with increased cytoplasmic volume that were numerous
but scattered throughout this region (Fig. 5C). Only
occasional 3bHSD-positive cells were found in the
cortex, confined mostly to the inner cell layers.
Ovarian expression of P450c17 was intense in the
specimen examined at GD 65 (Fig. 5D), and as for
3bHSD, expression was greatest in larger, cytoplasmrich medullary cells (Fig. 5E) that had a general
appearance consistent with steroidogenic capacity.
However, P450c17 expression was also detected in
cells of the ovarian cortex, particularly those forming
cords through the outer cortex between germ cell nests
(Fig. 5D). Cytochrome b5 expression was equally high
in the larger medullary cells and more modest staining
was observed in the outer cortical cells (Fig. 5F and
insert). The ovarian medulla was equally prominent at
GD 95 and as intensely positive for 3bHSD (Fig. 6A),
P450c17, and cytochrome b5 (data not shown), as the
testicular interstitium (Fig. 6B). This was consistent
Reproduction (2006) 132 649–659

among the specimens available. AMH expression in
Sertoli cells remained strong in the testes at this stage,
but was not detected in ovaries (data not shown).
The potential for fetal gonads to synthesize their own
substrates for sex steroid synthesis, rather than utilize
circulating pregnanes, was investigated by examining the
expression of P450scc. P450scc was first evident in the
Sertoli cells of the developing testes at GD 30 (Fig. 7A),
but by GD 45 (Fig. 7C) and after (Fig. 7E and G), the
highest expression levels were interstitial. Faint staining
was detectable in testicular tubules at GD 45 and 65
(Fig. 7C and E), but was absent at GD 95 where expression
was detected in Leydig cells only (Fig. 7G). In contrast to
the testes, no specific P450scc expression was detected in
the ovaries at GD 30 (Fig. 7B), but organization of cortical
cords at GD 45 was associated with P450scc expression
in ovarian interstitial cells (Fig. 7D). By GD 65, the larger
cells of the medullary region of the developing ovary
were strongly positive for P450scc, whereas the cortex
was virtually devoid of staining (Fig. 7F). The same
general pattern was also seen in the ovary at GD 95
(Fig. 7H). P450arom was not detected in either male or
female gonads at GD 30, 45, 65, or 95, though expression
www.reproduction-online.org
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Figure 5 Immunohistochemistry for expression (in red) of anti-Müllerian hormone (AMH), 3b-hydroxysteroid dehydrogenase (3bHSD), 17a-hydroxylase
cytochrome P450 (P450c17), and cytochrome b5 in the ovary of a spotted hyena fetus recovered at GD 65. (A) No evidence for AMH expression was
evident in either the cortical (Cx) or the medullary (Med) regions of the fetal ovary. (B) Clusters of cells within the medulla were strongly positive for 3bHSD.
The connective tissue boundary separating cortex from medulla is indicated by arrows. (C) Clusters of medullary cells and a few cells scattered through the
cortex stained intensely for 3bHSD. (D) P450c17 expression was intense in cells within the ovarian medulla and among cells in the outer cortex. (E)
Medullary cells expressing P450c17 were apparently lipid-laden and arranged in clusters. (F) Cytochrome b5 expression, like 3bHSD and P450c17, was
evident in medullary cell clusters. Though present, cytochrome b5 expression was much less intense among scattered cortical cells.

was localized clearly in the syncytiotrophoblast and to a
lesser degree in the cytotrophoblast of hyena placental
sections (data not shown).
To the extent that was possible, the potential for
androgen synthesis in male and female tissues was
supported by measurements of steroids in fetal blood
(Table 2). In sampled female fetuses, plasma androstenedione levels were 100-fold higher at GD 65 than at
GD 45, and remained so in the female fetus collected at

GD 95. Testosterone (and DHT) concentrations were
!0.5 ng/ml at all ages and estradiol was below the limits
of assay detection (data not shown). In both mixed twins
examined, androstenedione and testosterone concentrations were numerically higher in the males than in the
sibling females. Androstenedione was numerically
higher than testosterone in males (Table 2), DHT
concentrations averaged !1 ng/ml and estradiol was
again undetectable.

Figure 6 Immunohistochemistry for expression (in
red) of 3b-hydroxysteroid dehydrogenase (3bHSD)
in fetal gonads from GD 95. (A) Fetal ovary showing
cytoplasmic expression of 3bHSD throughout the
extensive medulla (insert). (B) Fetal testis showing
3bHSD expression in the cytoplasm of Leydig cells
throughout the interstitium.
www.reproduction-online.org

Reproduction (2006) 132 649–659

656

P Browne and others
Table 2 Fetal plasma androgen concentrations (ng/ml) at different
gestational days (GD).
Female

GD 45
GD 65
GD 95

Male

Androstenedione Testosterone Androstenedione

Testosterone

0.37
0.40
0.33

NA
3.69
4.35

!0.5
5.88
3.63

NA
7.57
6.89

NA, not available.

Discussion

Figure 7 Immunohistochemistry for expression (in red) of side-chain
cleavage cytochrome P450 (P450scc) in male (left panels) and female
(right panels) fetal spotted hyena gonads from early (upper) to late (lower)
gestation. (A) Fetal testis at GD 30. Note that expression is localized in
developing Sertoli cells, especially those around the periphery of the
testis, as seen for AMH (Fig. 2A). (B) Fetal ovary at GD 30 lacked detectable
P450scc expression. (C) Fetal testis at GD 45 showing expression in Leydig
cells and much lower levels in Sertoli cells inside tubules. (D) Fetal ovary at
GD 45. P450scc expression is evident in cells of the developing cortical
cords. (E) Fetal testis at GD 65 exhibiting a similar pattern of expression as
that seen at GD 45. (F) Fetal ovary at GD 65 showing expression
prominently in large cells within nests in the ovarian medulla. Note that
the little expression was detected in cells of the cortex at this stage. (G)
Fetal testis at GD 95 showing expression almost exclusively in Leydig cells
and much less in Sertoli cells. (H) Fetal ovary at GD 95 exhibiting a similar
pattern of medullary staining to that seen at GD 65.
Reproduction (2006) 132 649–659

The present data support the hypothesis that masculinization of the external genitalia in the female spotted
hyena occurs well before the capacity for androgen
synthesis can be detected in fetal ovaries. The reported
gonadal morphology of male and female spotted hyena
fetuses is consistent with that described by Lindeque &
Skinner (1982) and Licht et al. (1998). Genital tubercle
morphogenesis was well advanced in the earliest male
and female specimens examined here (GD 30) as
reported previously (Cunha et al. 2005). Based on
AMH, P450c17, 3bHSD, and P450scc expression,
testicular but not the ovarian differentiation, was
observed at GD 30. The first signs of ovarian androgensynthesizing capacity appeared in our GD 45 specimen.
Despite ovarian interstitial expression of P450c17,
cytochrome b5, 3bHSD and P450scc on GD 45, plasma
androstenedione concentration was undetectable in the
female at GD 45. By GD 65 however, when all enzymes
were expressed in a well-organized ovarian medulla,
androstenedione concentration was comparable with
that of the male twin, and similar to previously reported
concentrations in male and female fetal plasma
(Lindeque & Skinner 1982, Licht et al. 1992). The
expression of P450scc, 3bHSD, P450c17, and cytochrome b5 suggests that fetal gonads express all enzymes
necessary for efficient androgen synthesis. However,
Licht et al. also reported fetal progesterone concentrations exceeding 1000 ng/ml (Licht et al. 1992),
suggesting that substrate for androgen synthesis may be
just as readily available from the fetal circulation. When
taken together with androstenedione concentrations in
fetal plasma, these data suggest that ovarian androgen
synthesis though initiated in spotted hyena fetuses as
early as GD 45, increased to levels measurable in plasma
by GD 65. Enzyme expression in late gestation fetal
ovaries was consistent with high androgen levels
reported previously for umbilical and fetal jugular
blood (Licht et al. 1992). The delay in fetal ovarian
steroidogenic differentiation until GD 45, or later,
provides further support for the hypothesis that formation
of the peniform clitoris of female spotted hyenas by GD
30 occurs without appreciable influence of androgens
from the fetal gonad.
The results presented here suggest that androgens are
likely to influence critical aspects of sexual development
www.reproduction-online.org
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in male and female spotted hyenas but within different
developmental windows. Recent studies have shown
that male genital differentiation is androgen-dependent,
even if androgens do not initiate the growth of the genital
tubercle. Treatment of pregnant females with the
androgen receptor blocker flutamide, and the 5areductase enzyme inhibitor finasteride (anti-androgen
treatment), increases the elasticity of the meatus of
offspring that developed under anti-androgen therapy
(Drea et al. 1998). Males from anti-androgen-treated
pregnancies also exhibited more female typical penile
development, including a shorter and thicker shaft, with
retractor penis muscle insertion dorsal rather than ventral
to the urethra, all of which are established between GD
30 and 45 (Cunha et al. 2005). Coincident with this early
virilization in males, the GD 30 fetal testis exhibited
clear evidence of endocrinological differentiation
including expression of key enzymes necessary for
androgen synthesis, as well as AMH. In contrast, fetal
ovaries appear to be fully capable of androgen synthesis
only after GD 45, leaving at least a 15-day window
during which genital morphology develops without the
androgen stimulation experienced by males (Cunha
et al. 2005). Androgen receptor expression was evident
in the retractor muscles of females, as well as males, and
therefore the genital tubercle has equal potential for
masculinization in both the sexes (Cunha et al. 2005).
Thus, the initial delay in differentiation of fetal ovaries
may be as crucial for normal female development in
spotted hyenas as the relative lack of ovarian differentiation in other female mammals. In contrast, differentiation and androgen synthesis by the fetal ovarian
medulla during the second half of gestation may drive
development of aggression observed among female
neonates. Twins in a typical hyena litter fight within
minutes of birth, and levels of aggression are higher in
female–female litters than in litters containing at least
one male (Drea et al. 1996). In addition, female
dominance over males appears during the first year of
life in mixed-sex litters (Smale 1995). The present data
support the hypothesis that, the fetal ovary is not a
passive structure in spotted hyenas, but actively secretes
androgens during the latter stages of gestation. This may
be very important in establishing behaviors, especially in
the neonatal period, when for example, rough and
tumble play is organized in the brain of the rhesus
monkey (Goy et al. 1988).
Endocrine function of the fetal testis does not have as
immediate or as profound an influence on even the
internal genitalia as might be expected. The gonadal
specimens used for the present study were dissected to
facilitate other work reported recently (Cunha et al.
2005), and definitive information on the presence and/or
absence of the Wolffian and Müllerian ducts was not
obtained for all fetuses. However, limited observations
on genital duct regression from this study coupled with
those reported previously may have important
www.reproduction-online.org
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implications. Licht et al. (1998) noted that both Wolffian
and Müllerian ducts were still obvious at day 48 of
gestation in female fetuses, but male and female duct
development is complete by GD 60–70 (Lindeque &
Skinner 1982), if recalculated from the reported fetal
weights. Thus, Müllerian duct regression in male fetuses
apparently takes weeks to complete after Sertoli cells are
capable of AMH secretion (GD 30). Pigs experience a
comparable delay between AMH expression and
Müllerian duct regression (Inomata et al. 1993), although
these events are more synchronous and rapid in dogs
(Meyers-Wallen et al. 1991). Wolffian ducts persist in
both females and males, during an interval when only
the fetal testis expresses the enzymes necessary for
androgen synthesis. Other sites of potential androgen
synthesis were unexpectedly identified in males, as
evidenced by strong P450c17 expression in the male
Müllerian duct. The marked reduction in staining after
pre-adsorption of the primary antisera, together with the
cell-specific expression in gonads, and the specificity of
the antisera when used in immunoblot analysis (unpublished observations) support the finding. Ovine mesonephros secretes steroids in culture, and the male organ
secretes more testosterone than the female (Lun et al.
1998). Though the exact cellular site of steroid synthesis
within the mesonephros was not determined, Müllerian
duct was undoubtedly still attached, and P450c17 is
expressed in non-gonadal tissues, including liver
(Vianello et al. 1997), stomach (Dalla et al. 1995),
kidney (Dalla et al. 2002), and brain (Compagnone et al.
1995). Clearly, additional confirmation is required, but if
true, the male Müllerian duct may provide a significant,
additional source of androgen in males, one that begins
before testes differentiate, terminating when the ducts
regress. Wolffian ducts also persist for a considerable
period in female fetuses despite an apparent lack of
androgen stimulation (Inomata et al. 1993) suggested
both by the delay of ovarian differentiation noted here
and by the feminine positioning of the retractor penis
muscles. It is also well known that androgen production
by differentiating male fetuses can affect female siblings
in utero, at least in some litter-bearing species(vom Saal
1981). Placental aromatase activity likely modulates the
effects of androgens on female differentiation, given that
female babies with congenital P450arom deficiency are
severely virilized (Grumbach & Auchus 1999). In utero
positional effects of male siblings on female piglets is
much more subtle than in rodents (Rohde Parfet et al.
1990, Drickamer et al. 1997, 1999), probably because of
the protective effect of P450arom expressed in the
porcine placenta (Corbin et al. 1995) and the lack of
P450arom in the rodent placenta (Mendelson et al. 2005).
The higher concentrations of estradiol in male than female
pig placentas (Choong & Raeside 1974) likely reflect
aromatization of male testosterone. Aromatase activity in
the spotted hyena placenta is more than twice that of pig
placenta (Conley et al. unpublished observations) and so is
Reproduction (2006) 132 649–659
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probably also protective of female fetuses. The failure to
detect P450arom expression in hyena fetal ovaries or testes
suggests that levels in these tissues are much lower than
placenta and unlikely to influence androgen output from
gonads of either sex. Even in neonatal boars, where
testicular aromatase activity is quite high, estrogen
production represents a fraction of the capacity for gonadal
androgen synthesis (Moran et al. 2002).
In conclusion, the data presented here are consistent
with the hypothesis that initial phallic development in the
spotted hyena is largely androgen independent, but that
differentiation of the fetal gonads, and their ability to
synthesize androgens, is still important in sexual differentiation. In male hyenas, androgen synthesis by the fetal
testes probably directs genital virilization. However, it is
equally important that the female fetus experiences a
window of development without androgen exposure to
ensure placement of the retractor muscles dorsal to the
urethra in the peniform clitoris, and maximize pleating
and elasticity of the future birth canal. Since the hyena
fetal ovary develops a medulla that is very active in
androgen synthesis, the delay in its differentiation may be
crucial for normal fertility. The peniform clitoris and
complete lack of a vulva make the female spotted hyena
unique among mammals, but the synthesis and local
exposure of genital tissues to androgens from the fetal
gonads, and possibly other extra-gonadal sources, must
still be carefully regulated in both the sexes for proper
reproductive development. Finally, androgen synthesis by
the fetal ovaries and placenta, during the later stages of
fetal life, may provide crucial endocrine support for
organization of the neural substrates underlying neonatal
aggression in spotted hyenas. Late-gestation androgenization of females could also play an essential role in neural
organization that will be activated during adult life.
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